-1- PCT/ JP96/ 02806 DESCRI'PTI ON A METHOD AND AN APPARATUS FOR
ENCODI NG A Bl TSTREAM FOR MULTI - ANGLE CONNECTI ON Technical Field 5

The present invention relates to a nmethod and apparatus for interleaving a
bitstreamfor use in an authoring systemfor variously processing a data
bitstream conprising the video data, audio data, and sub-picture data
constituting each of plural programtitles containing 10 rel ated video
data, audio data, and sub-picture data content to generate a bitstreamfrom
which a newtitle containing the content desired by the user can be .
reproduced, and efficiently recording andl-reproduci ng sai d g®0I/IR36402806
bitstreamusing a particular recording nmedium 15 Background Art

Aut horing systens used to produce programtitles conprising related video
data, audi o data, and sub-picture data by digitally processing, for
exanple; multinmedia data conprising video, audio, and sub-picture data

recorded to 20 | aser disk or video CD formats are currently avail abl e.
Systens using Video-CDs in particul ar aygscaierion record video data to a CD
format disk, which was originally -2 - PCT/ JP96/ 02806

desi gned mnth an approxi mately 600 MB recordlng capacity for storing
digital audio data only, by using such high efficiency
A METHOD AND AN APPARATUS FOR ENCODING A BITSTREAM FOR MULTI-

~ ANGLE CONNECTION

Technical Field

5 The present invention relates to a method and
apparatus for interleaving a bitstream for use in an
authoring system for variously processing a data bitstream
coﬁbrising the video data, audio data, and sub-picture data
constituting each of plural program titles containing

10 related video data, audio data, and sub-picture data
content to generate a bitstream from which a new title
containing the content desired by the user can be

gu;- reproduced, and efficiently recording and reproducing said

generated bitstream using a particular recording medium.

15 Background Art
| Aﬁthoring systems used to produce program titles
comp;ising related.video data, audio data, and sub-picture
data by digitally processing, for example, multimedia data
comprising video,uaudio, and sub-picture data recorded to
20 ~laser disk.or video CD formats are currently available.
Systems using Video-CDs in particular are able to '

record video data to a CD format disk, which was originally



vi deo conpression techniques as MPEG As a result of the increased
effective recording capacity achi eved using data 5 conpr essi on

techni ques, karaoke titles and ot her conventional |aser disk applications
are gradually being transferred to the video CD format. Users today expect
both sophisticated title content and high reproduction quality. To neet

t hese expectations, 10 each title nust be conposed from bitstreans
with an increasingly deep hierarchical structure. The data size of
multinedia titles witten with bitstreans having such deep hierarchical
structures, however, is ten or nore tine8-greater than the dRCGI/IP6G/02806

| ess conplex titles. The need to edit 15 smalt inmage (title) details

al so nakes it necessary to process and control the bitstream using | ow
order hierarchical data units. It is therefore necessary to devel op and
prove a bitstream structure and an advanced digital processing nmethod 20

I ncl udi ng both recording and reproduction capabilities whereby a |arge

vol ume, mnulti pheshiened withaaahapplrostigatalybsdet MBagecapdingethpacdniy for
controlled at each level of the hierarchy. Al so needed are an apparatus for
execut i ng t hi sstibgingl dpgitalsaudiowtdtezd ondy] hyresingisushridigh ef fildichncy
the 25 bitstreamdigitally processed by said apparatus can be - 3-

PCT/ JP96/ 02806Vafiepcicompnession deechniqeesr age MRES -f r oAB WA cl?f—%taw of the

recorded inforpation can be quickly reproduced.
increased effective "recording capacity achleved using data

5 ‘compression techniques, karaoke titles ‘and other conventional
laser disk applications are gradually being transferred to the
video CD format.

- Useré today expect both sophisticated title content
and high reproduction quality. To meet these expectations,

10 each title must 5e composed from bitstreams with an
increasingly déep hierarchical structure. The data size of
multimedia titles written with bitstreams having such deep
hierarchical structures, however, is ten or more times greater
than the data size of less complex titles. The need to edit

\vf” 15 small image (title)ldetails also makes it necessary to process
and cohtrol the bitstream using low order hierarchical data
units. |

It is therefore necessary to deﬁelop and prove a
bitstreaﬁ structure and an advanced digital processing method

20 including both recording and reproduction capabilities whereby
a large volume, multiple level hierarchicalldigital bitstream.
can be efficiently controlled at each level of the hierarchy.
Also needed are an apparatus for executing this digital
processing ﬁethod, and a recording media to which the

25 bitstream digitally processed by said apparatus  can ' be



Means of increasing the storage capacity of conventional optical disks have
been wi dely researched to 5 address the recordi ng nedi um aspect of this
problem One way to increase the storage capacity of the optical disk is
to reduce the spot dianmeter D of the optical (laser) beam If the

wavel ength of the laser beamis 1 and the aperture of the objective lens is
NA, then the spot dianmeter Dis proportional 10 to 1/ NA, and the storage
capacity can be efficiently inproved by decreasing 1 and increasing NA As
described, for exanple, in United States Patent 5,235,581, however, cona
caused by a relative tilt between the digk surface and the opOIHI61028060f
the | aser beam (hereafter 15 "tilt") increases when a | arge aperture
(high NA) lens is used. To prevent tilt-induced coma, the transparent
substrate nust be made very thin. The problemis that the nechani cal
strength of the disk is |ow when the transparent substrate is very thin. 20
MPEGL, the conventional nethod of recording and reproducing video, audio,

and graphi ¢ sigpal -£8he1yAScar§aq PESH SR AFE AR firldh WAeh ehyal riBbEded

met hod, whi ch can transfer | arge data volunes at a higher rate. It should

be noted that iheoemspieASEan BethadcRlY gapeofiaeedlt of the MPEG2 25
standard differ sonmewhat fromthose of MPEGL. The specific - 4-

PCT/ JP96/ 02806 cont ent oMeand diofff enmmstiﬂtq/\eeihéVPEﬁﬂomngPE@aaﬁ.ty of
described in detail in the SO 11172 and | SO 13818 MPEG
conventlonal optical disks have been w1de1y researched to
5 address the recordlng medium aspect of this problem. One way
to increase the storage capacity'of the optical disk is to
reduce the spot diameter D of the optical (laser) beam. If
the wavelength of the laser beam is 1 and the aperture of the
objective léns is NA, then the spot diameter D is proportional
10 to 1/NA, and the storage capacity can be efficiently improved
by decreasing 1 and increasing NA. :
| As described, for example, in United States Patent
5,235,581,nhowever, coma caused by a relative tilt between the
disk surface and the optical axis of the laser beam (hereafter
W . B "tilt") increases when a large apertufe (high NA) lens is
used. To prevent tilt-induced coma, the transparent substrate
must be made very thin. The problem is that the mechanical
strength of the disk is low when the transparent substrate is
very thin.
20 MPEG1l, the conventional method of recording and
- reproducing video, audio, and graphic signal data, has also
been replaced by the more robﬁst MPEG2 method, which can
transfer large data. volumes at a higher rate. It should be
noted that the compression method and data format of thg MPEG2

25 standard differ somewhat from those of MPEGl. The specific



standards, and further description thereof is omtted bel ow. Note, however,
that while the structure of the 5 encoded video streamis defined in
the MPE&Q2 specification, the hierarchical structure of the system stream
and the nethod of processing |ower hierarchical |evels are not defined. As
descri bed above, it is therefore not possible in a conventional authoring
systemto process a |large data stream 10 contai ning sufficient
information to satisfy many different user requirenents. Mreover, even if
such a processing nmethod were avail able, the processed data recorded
thereto cannot be repeatedly used to redéiee data redundancy REER{TRIG/OPROCe
Is no |arge capacity recording nmediumcurrently avail able that can 15
efficiently record and reproduce high volunme bitstreans such as descri bed
above. More specifically, particular significant hardware and software
requirenents nust be satisfied in order to process a bitstreamusing a data
unit smaller than the title. 20 These specific hardware requirenents

i ncl ude si gni f ceatéhy i ofr eari ndififersheezgebetpaent yMPEGL hearidc MREGR) are
medi um and i ncreasing the speed of digital processing; software -

requi rements i desodébedveini dgtadladianddse digo=aliFi2ocasdi kSMek3BB MPEG
i ncluding a sophisticated data structure. - 5- . )

PCT/ JP96/ 02806starfardse, anfefysther deschippiepethergpdnisormiited pedevde

an effective authoring systemfor controlling a pultinedia dat% bi tstream
with advanced har dwar e aﬁatgof ih@yever, that while the structure of the

. 5 encoded video stream is defined in the MPEGé specification,
~ the hierarchical structure of the system stream and the method
of processing lower hierarchical levels are hét defined.

As described above, it is therefore not possible in
a conventional authoring system to process a large data stream

10 containing sufficient information to satisfy many different
user requirements. Moreover, even if such a processing method
were available, the processed data recorded thereto cannot be
repeatedly used to reduce data redundancy because there is no
large caﬁacity recording medium currently available that can

W I efficiently record and reproduce high volume bitstreams such
as-described above.

More specifically, particular significant hardware
énd software requirements must be satisfied in order to
brocess a bitstream using a dafa unit smaller than the title.

20 . These specific hardware requirements include significantly
increasing the storage capacity of the recording medium and
increasing the speed of digital processing; software

requirements include inventing an advanced digital processing

.method including a sophisticated data structﬁre.



requirenents using a data unit snmaller than the title to 5 better
address advanced user requirenents. To share data between plural titles and
thereby efficiently utilize optical disk capacity, nmulti-scene control
wher eby scene data comon to plural titles and the desired scenes on the
same time-base fromwithin nulti-scene periods 10 contai ning plura
scenes unique to particular reproduction paths can be freely selected and
reproduced is desirable. However, when plural scenes unique to a
reproduction path within the nulti-scene period are arranged on the sane
ti me- base, the scene data nust be conti g§ous. Unsel ect ed 1PCT/IP96/02806
multi-scene data is therefore unavoidably inserted between the sel ected
common scene data and the selected nmulti-scene data. The problemthis
creates when reproducing nmulti-scene data is that reproduction is
interrupted.by this unsel ected scene data. 20 A further
probl em can be expected when the nulti- scene data is nulti-angle scene

data, i.e., scene data shbereForelsttty ichiect hef sene prbieat fihvidntion is

different angles. 1In the case of a |ive sports broadcast, this multi-angle
scene data maythe prthdideecalbyeffectdliveg anthasding |systidner fof ocontaoplldng?®a
with caneras in different |ocations. The problemis thus that -6 -

PCT/ JP96/ 02806 mei&dimedd audatasbitstresnewith taxteanged hardwapy @ vk seftware
during data presentation, data fromdifferent angles is connected where the
angl e changes, reAixementsal uskeginresdatn eypitatspller than the title to

. 5 better address advanced user requirements.
~ To shafe data between blural titles and thereby
efficiently utilize optical disk capacity, multi-scene control
whereby scene data common to plural titles and the desired
scenes on the same time-base from within multi-scene periods
10 containing.plural scenes unique to particular reproduction

paths ‘can be freely selected and reproduced is desirable.
However, when plural scenes unique to a reproduction
path within the multi-scene period are arranged on the same
time-base, the scene.data must be contigquous. Unselected
o 15 mﬁlti-scene data is therefore unavoidably inserted between the
selected common scene data and tﬁe selected multi-scene data.
The problem this creates when reproducing multi-scene data is
that reproduction is interrupted by this unselected scene

data.

20 _ ' A further problem can be expected when the multi-
- scene data is multi-angle scene data, i.e., scene data showing
substantially the same subject from different angles. In the
case of a live sports broadcast, this multi-angle scene data
may be obtained by recording a'béseball batter, for example,

25 with cameras in different locations. The problem is thus that



cannot be expected. 5 Therefore, the object of the present

I nvention is to provide a data structure whereby natural, seam ess
reproduction without scene data intermtting can be achieved even in such
mul ti-angl e scene periods; a nethod for generating a system stream havi ng
said data structure; a 10 recordi ng apparatus and a reproduction
apparatus for recording and reproducing said systemstream and a nmediumto
whi ch said system stream can be recorded and from which said system stream
can be reproduced by said recordi ng apparatus and reproducti on apparat us.
15 The present application-gs based upon JapanePCT7ARIH02806
Application No. 7-252734, which was filed on Septenber 29, 1995, the entire
contents of which are expressly incorporated by reference herein.

Di scl osure of Invention 20 The present invention has been
devel oped - with a view to substantially solving the above descri bed

di sadvant ages and has for its essential object to provide an inproved

net hod for encggeAdtRe Phdst rfaTedes Jak tde AR PAMRAAL bAGle scehes during
PCT/ JP96/ 02806 I n order to achieve the aforenentioned objective, an

i nterl eavi ng n@adbadpreisentitione quieseptehni differankt tiglesm 18atonfhected

reproduced by selecting two or nore data units froma bitstream conpri sing

three or nore Whéneuthésangle changes, and a natural, seamless presentation
| cannot be expected. '

5 Therefore, the object of the presént invention is
to provide a data structure ﬁhereby natural, seamless
reproduction without scene data intermitting can be achieved
even in such multi-angle scene periods; a method for
generating a system stream having said data structure; a

10 = recording apparatus and a reproduction apparatus for recording
and reproducing said system stream; and a medium to which said
system stream can be recorded and from which said system
stream .can be reproduced by said recording apparatus and
reproduction apparatus.

s 15 - The present application is based upon Japanese
Patent Application No. 7-252734, which was filed on

September 29, 1995, the entire contents of which are

expressly incorporated by reference herein.

Disclosure of Invention

20 - The present invention has been developed wifh.a
view to substantiallj solving the above described
disadvantages and has for its essential object to provide
an improved method for encoding a bitstream for multi-angle

connection.



5 contiguous on the sane tinme-base is characterized by
generating said bitstream by arranging the selected data units in a
particul ar sequence on the sane tine-base based on the presentation tinme of
each data unit so that it is possible to sequentially access all data units
and present only the 10 sel ected data units w thout time-base
intermttence, and is characterized by dividing said data units into
shortest-read- tinme data units, and generating said bitstream by arrangi ng
the shortest-read-tinme data units in a particul ar sequence on the sane

ti me-base based on the shortest read tin#-each 15 shor t estPGHIOG/02806
data unit so that it is possible to sequentially-access al
shortest-read-tine data units and present only the shortest-read-tine data
units of the selected data units without tinme-base intermttence, said
presentation tinme of each shortest-read-tine data unit being the sane.

-8 - PCT/ JP96102806 Brief Description of Drawings Fig. 1
is a graph schematical | yIshowdey Zostacltieve tHe naféremerntiohefl shjestive,
according to the present invention, 5 Fig. 2 is a block

di agr am showi ngnaniatenbeaviingnotrthodicsvigihngfor ttheprpeesentabiboni 9f a
Fig. 3 is a block diagramshow ng an authoring decoder, according to the
present inventPékstregn fhat dsixerredvred hY selecking dwva(oFi Agrep data

the multi nedia hit streamof,Fig. 1, . . . .
un?ts from a bltsé&eam comprising three or more data units

5 contiguous on the same time-base is characterized by
generating said bitstream by arranging the selected data units
in a particular sequence on the same time-base based on the
presentation time of each data unit so that it is possible to

' sequentially access all data units and present only the

10 selected data units without time-base intermittence, and is
characterized by dividing said data units into shortest-read-
time data units, and generating said bitstream by arranging
the shortest-read~time data units in a particular sequence on
the same time-base based on the shortest read time each

w 15 shortest-read-time data unit so that it is possible to
sequentially access all shortest-read-time data units and
present only the shortest-read-time data units of thé selected
data units without time-base intermittence, said presentation

time of each shortest-read-time data unit being the same.



Fig. 5is an enlarged view show ng a portion confined by a circle of Fig.
4, Fig. 6 is an enlarged view showing a portion confined by a circle of
Fig. 5 15 Fig. 7 is a side view showing a variation of the
optical disk of Fig. 4, Fig. 8 is a side view show ng another variation of
the opti.cal disk of Fig. 4, Fig. 9 is a plan view show ng one exanple of 20
track path forned on the recording surface of the optical disk of Fig. 4,
Fig. 10 is a plan view show ng anot her exanple of track path forned on the
recording surface of the optical disk of Fig. 4, -9 -
PCT/ JP96/ 02806 Fig. 11 is a diagonal vi-e8wschematically showPGF/IR96/886pI e
of a track path pattern fornmed on the optical disk of Fig. 7, Fig. 12 is a
pl an vi ew showi ng anot her exanple of 5 track path formed on the
recording surface of the optical disk of Fig. 7, Fig. 13 is a diagonal view
schematically showi ng one exanple of a track path pattern fornmed on the
optical disk of Fig. 8, 10 Fig. 14 is a plan view show ng
anot her exanplgrdf tDesde ot Lot b Fredrpihde recording surface of the
opti cal

Fig. 1 is a graph schematically showing a

structure of multi media bit stream according to the

present invention,

5 Fig. 2 is a block diagram showing an authoring
~ encoder according to the present invention, |
Fig. 3 is a block diagram showing an authoring
decoder according to the present invention;
Fig. 4 is a side view of an optical disk storing
10 the multi media bit stream of Fig. 1,
Fig. 5 is an enlarged view showing a portion
confined by a circle of Fig. 4, |
. Fig. 6 is an eniarged view showing a portion
confined by a circlelof Fig. 5,
s 15 Fig. 7 is a side view showing a variation of the

optical disk of Fig. 4,

Fig. 8 is a side view showing another variation
of the optical disk of Fig. 4,

Fig. 9 is a plan view showing one example of

20 track path formed on the recording surface of the optical

disk of Fig. 4,

Fig. 10 is a .plan view showing another example of
.track path formed on the recording surface of the optical

disk of Fig. 4,



disk of Fig. 8 Fig. 15 is a graph showing the audio waves resulting from
the audio data recorded to the nulti-angle 15 data within nulti-angle
scene period, Fig. 16 is a graph schematically showi ng the structure of
multinedia bit streamfor use in Digital Video D sk systemaccording to the
present invention, Fig. 17 is a graph schematically show ng the 20

encoded video stream according to the present invention, Fig. 18 is a graph
schematically showi ng an internal structure of a video zone of Fig. 16.

Fig. 19 is a graph schematically show ng the stream managenent information
according to the present 25 i nventi-od  -10- PCT/JP96/02806
PCT/ JP96/ 02806 Fig. 20 is a graph schematically show ng the structure the
navi gati on pack NV of Fig. 17, Fig. 21 is a graph is assistance of
expl ai ning a concept of parental |ock playback control according to the 5
present invention, Fig. 22 is a graph schematically show ng the data
structure used in a digital video disk systemaccording to the present

i'nvention, Fig. 23 is a migphiiniesai aiagesadf vesnl achemgtdcally showdert
of Multi-angle scene control according to the present invention,
one example of a track path pattern formed on the optical
disk of Fig. 7,
Fig. 12 is a plan view showing another exaﬁple of
5 track path formed on the recording surface éf the optical
disk of Fig. 7, |
| Fig. 13 is a diagonal view schematically showing
one example of a track path pattern formed on the optical
disk of Fig. 8,
10 Fig. 14 is a plan view showing another example of
track path formed on the recording sﬁrface of the optical
disk of Fig. 8,
Fig. 15 is a graph showing the audio waves
resulting from the audio data recorded to the.mﬁlti-anglé
_ \;) 15 data within multi-angle scene period,
Fig. 16 is a graph schematically showing the
structure of multimedia bit stream for use in Digitél Video
Disk system according to the present invention,
' Fig. 17 is a graph schematically showing the
20 encoded video stream according to the present invention,
Fig. 18 is a graph schematically showing an
internal structure of a video zone of Fig. 16.
Fig. 19_is'a graph schematically showing the
stream management information according to the present

25 invention,



Fig. 24 is a graph in assistance of explaining a concept of nmulti scene
data connection, Fig. 25 is a bl ock diagram showi ng a DVD encoder 15
according to the present invention, Fig. 26 is a block diagram show ng a
DVD decoder according to the present invention, Fig. 27 is a graph
schematical ly showi ng an encoding informati on table generated by the
encodi ng system 20 controller of Fig. 25, Fig. 28 is a graph
schenmatical ly showi ng an encoding information tables, Fig. 29 is a graph
schematical ly showi ng an encodi ng paraneters used by the video encoder of
Fig. 25, - 11 - PCT/ JFdB+ 02806 Fig. 30 is PCHF/AEPH6/02806
schematically showi ng an exanple of the contents-of the program chain

i nformati on according to the present invention, Fig. 31 is a graph
schematical ly showi ng another 5 exanpl e of the contents of the program
chain information according to the present invention, Fig. 32 is a graph
schematically showing a rel ationship between the accunul ated data quantity
in the stream buf fer andFrtige @pedst angrapie seheimat icaddiyn ghusaicho ftHed)

Fig. 26, Fig. 33 is a graph in assistance of explaining a concept of
sharing data bstweehupeuthe navigation pack NV of Fig. 17,

Fig. 21 is a graph is assistance of explaining a

concept of parental lock playback control according to the

5 present invention,
Al Fig. 22 is a graph schematically showing the data
structure used in a digital video disk system according to
the present invention, il
' Fig. 23 is a graph in assistance of explaining a
10 concept'of Multi-angle scene control according to the
present invention,
Fig. 24-is.a graph in assistance of explaining a
concept_of.multi scene data connection,
Fig. 25 is a block diagram showing a DVD encoder
\;/ 15 according to the present invention,

Fig. 26 is a block diagram showing a DVD decoder
according to the éresent invention,

Fig. 27 is a graph schematically showing an
encoding information table generated by the encoding system

20 controller of Fig. 25,

Fig. 28 is a graph schematically showing an
encoding information tables, .

Fig. 29 is a graph schematically showing an

encoding parameters used by the video encoder of Fig. 25,



Fig. 3 is a graph in assistance of explaining a concept of contiguous
reproduction of non-contiguously 15 arranged data block, Fig. 35is a
graph in assistance of explaining a concept of interleaving process
enabl i ng seanl ess reproduction of scenes, Fig. 36 is a graph also in
assi stance of 20 expl ai ning a concept of interleaving process enabling
seanl ess reproduction of scenes, Fig. 37 is a graph schematically show ng,
an actual arrangenent of data bl ocks recorded to a data recording track on
a recordi ng nedi um according to the 25 present invention,
PCT/ JP96/ 02806 Fig. 38 is a graph schendllical |y showi ng contI@ﬂBﬂE9QﬁnﬁQ6
regions and interleaved block regions array, Fig: 39 is a graph
schematically showing a 5 content of a VIS title VOBS according to the
present invention, Fig. 40 is a graph schematically show ng an internal
data structure of the interleaved bl ock regions according to the present
I nvention, 10 Fig. 41 is a graph in assistance of explaining
a concept of defining theigi.nBoudsnangerpbf sc¢chemaitdealily dBWIinNg an
interleaving,
example of the contents of the program chain information
according to the present invention,

Fig. 31 is a graph schematically showing another

5 example of the contents of the program chain information
according to the present invention,

Fig. 32 is a graph schematically showing a
relétionship between the accumulated data quantity in the
stream buffer and the operating mode of the reading head of

10 Fig. 26,

Fig. 33 is a graph in assistance of explaining a
concept of sharing data bétween plural titles,

Fig. 34 is a graph in assistance of explaining a
concept of contiguous reproduction of non-contiguously

15 arranged data block,

Fig. 35 is a graph in assistance of explaining a
concept of interleaving process enabling seamless
reproduction of scenes,

Fig; 36 is a .graph also in assistance of

20 explaining a concept of interleaving process enabling
seamless reproduction of scenes,

Fig. 37 is a graph schematically showing an

- actual arrangement of data blocks recorded to a data

recording track on a recording medium according to the

25 present inﬁention,



Fig. 42 is a graph schematically show ng the data structure of the

I nterl eaved unit, 15 Fig. 43 is a graph in assistance of
expl aining a concept of parental control according to the present
invention, Fig. 44 is a graph in assistance of explaining a concept of

mul ti-angl e scene control according to the 20 present in invention,
Fig. 45 is a graph in assistance of explaining the nulti-angle scene
control when two nmulti-angle data having different audi o data, -13 -

PCT/ JP96/ 02806 Fig. 46 is a graph schematically showi ng plural angle data
witten to nulti-angle scene period accorXing to the present BQE/EPR6/02806
Fig. 47 is a graph showi ng the stream containing-5 a nulti-angle scene
period and the basics of the on-disk |ayout according to the present
invention, Fig. 48 is a graph showi ng an exanple in which the |ast pack
address in the current A-1LVU and the address of the next A-1LVU are
recorded for plural angles according 10 to the present invention, Figs.

49 and 50 are graphs in gig.sBenie af geuphlisehesaitiecaT@iyhehaingnagi ng

addresses on the switching unit |evel between nultiple angle data in

mul ti - angl e sceoatjpguoads bdockr degdone tind ﬁmﬁs&ﬂbaved block regions
array,

Fig. 39 is a graph schematically showing_é

5 content of a VIS title VOBS according to the present

. invention, ' '

Fig. 40 ié a graph schematicallj showing an
internal data structure of the interleaved block regions
according to the present invention,

10 Fig. 41 is a graph in assistance of exﬁlaining a
concept of defining the minimum number of divisions in VOB
for interleaving,

Fig. 42 is a graph schématically showing the data
structure of the interleaved unit,

15 Fig. 43 is a graph in assistance of_explaining a
. concept of parental control according to the present
invention,

Fig. 44 is a graph in assistance of explaining a
concept of multi-angle scene control according to the

20 present in invention,

Fig. 45 is a graph in assistance of explaining
the multi—angle scene control when two multi-angle data

having different audio data,



15  invention,  Fig. 51 is a flow chart, fornmed by Figs. 51A and 51B,
showi ng an operation of the DVD encoder of Fig. 25, Fig. 52 is a flow chart
showi ng detail ed of the encode paraneter production sub-routine of Fig. 51,
20 Fig. 53 is a flow chart show ng the detailed of the VOB
data setting routine of Fig. 52, Fig. 54 is a flow chart show ng the encode
paraneters generating operation for a seam ess switching, Fig. 55 is a flow
chart show ng the encode 25 paranmeters generating operation for a system
stream -14 - PCT/ JP96/ 02806 Fig. 56 is a flow chart
showi ng the operation of the DVD encoderl®f Fig. 26, Fig. 57 RGI/AP96/63806
chart showi ng details of the multi-angle non-seamnl ess swtching contro
routine of Fig. 5 56, Fig. 58 is a flow chart showi ng details of the
mul ti-angl e seanl ess switching control routine of Fig. 56, Fig. 59 is a
fl ow chart showi ng details of the parental |ock sub-routine of Fig. 56, 10
Fig. 60 is a flow chart showing details of the single scene subroutine of
Fig. 56, Fig. 61 is a flBigchast ishawgirgphhecheematd cadnyrethewsi rge ehata hg
operation for a system stream containing a single scene,

angle data written to multi-angle scene period according to

the present invention,

Fig. 47 is a graph showing the stream containing

- 5‘ a multi-angle scene period and the basics of the on-disk
-’ layout according to the present invention,

Fig. 48 is a graph showing an example in which
the last pack address in the current A-ILVU and the address
of the next A-ILVU are recorded for plural angles according

10 to the present invention,

Figs. 49 and 50 are graphs in assistance of
explaining thé ﬁethod of managing addresses on the
switching unit level between multiple angle data in
.multi-angle scene periods according to the present

N, 15 ‘invention,

Fig. 51 is a flow chart, formed by Figs. 51A and
51B, showing an operation of the DVD encoder of Fig. 25,
Fig. 52 is a flow chart showind detailed of the
encode parameter production sub-routine of Fig. 51,
20 Fig. 53 is a flow chart showing the detailed of
the VOB data setting routine of Fig. 52,
Fig. 54 is a flow chart showing the encode
' parameters generating operation for a seamless switching,
Fig. 55 is a flow chart showing the encode

25 parameters generating operation for a system stream,



15 Figs. 62.and 63 are graphs show ng decodi ng information
t abl e produced by the decoding systemcontroller of Fig. 26, Fig. 64 is a
-flow chart showi ng details of reproduction extracted PGC routing of Fig.

69, 20 : Fig. 65 is a flow chart show ng details of
non- seam ess nulti-angle decoding process of Fig. 70, Fig. 66 is a block
di agram showi ng details of the stream buffer of Fig. 26, -15 -

PCT/ JP96/ 02806 Fig. 67 is a flow chart showi ng details of decodlng data
process of Fig. 64, performed by the streambuffer, is shown, Fi

flow chart showing details of the 5 - Mecoder synchroni zat iPSHL/Hk Q%%OQ)f
Fig. 67, Fig. 69 is a flow chart showi ng the operation of the DVD decoder
DCD of Fig. 26, Fig. 70 is a flow chat showi ng details of the stream buffer
data transfer process according to the 10 present invention, Fig. 71 is
a flow chart showi ng details of the non multi-angle decoding process of
Fig. 70, Fig. 72 is a flow chart showi ng details of the non-nulti-angled

i nterl eave .process of Fi §ig715618s a flow chart Ehgwing ithes ddestattien tof

showi ng details of the non-nulti-angled contiguous block process,
the DVD encoder of Fig. 26,

Fig. 57 is a flow chart showing details of the

multi-angle non-seamless switching control routine of Fig. .

5 56, |
hadl Fig.lss is‘a flow chart showing details of the
multi-angle seamless switching control routine of Fig. 56,
Fig. 59 is a flow chart showing details of the
parental lock sub-routine of Fig. 56,
10 | Fig. 60 is a flow chart showing details of the
single scene subrbutine of Fig. 56, .
Fig. 61 is a flow chart showing the encode
parameters genefating operation for a system stream
containing a single scene,
. 15 Figs. 62 and 63 are'gfaphs showing decoding

information table produced by the decoding system
controller of Fig. 26, |
Fig. 64 is a flow chart showing details of
reproduction extracted PGC routing of Fig. 69,
20 'Fig._65 is a flow chart showing details of
non-seamless multi-angle decoding process of.Fig. 70,
Fig. 66 is.a block diagram showing details of

‘the stream buffer of Fig. 26,



Fig. 74 is a flow chart showi ng details of the non-nulti-angle decoding
process of Fig. 70, Fig. 75 is a flow chart showing details of the 20
seam ess nulti-angl e decoding process of Fig. 70, Figs. 76 and 77_are
graphs in assistance of explaining the switching between scene angl es
within a nmulti-angle scene period, Fig. 78 is a graph in assistance of
explaining a 25 nmet hod for achieving the data structure shown in Fig.
46, -16 - PCT/ JP96/ 02806 Fig. 79 is a graph in
assi stance of explaining a nmethod for actually setting the audi o data
presentation tinmes on the smallest angl-elSsw tching unit | evelPQR/IPIH02806e
value in different angles, and 5 Fig. 80 is a graph in
assi stance of explaining the nulti-angle scene period data structure in
whi ch common audio data is witten to each different angle according to the
present invention. Best Mdde for Carrying Qut the Invention 10
The prevent invention is detailedly described with reference to the
acconpanyi ng draw ngs. Datig.sEr7udsuae fabwt bBagttt Bhbwitgs MettablEhef ogi C
structure of the nmultinmedia data bitstream processed using the recording
appar atus, 15 decodingddaganpiiocessr efr ddgct 6dn pegpdioarmesi kyndheutsioreany
system according to the present invention is described

buffer, is shown,

Fig. 68 is a flow chart showing details of the

: 5 decoder synchronization process of Fig. 67,
il Fig. 69 is a flow chart'showing the operation of
the DVD decoder DCD of Fig. 26,
Fig. 70 is a flow chat showing details of the
stream buffer data transfer process according to the
10 present invention,
Fig. 71 is a flow chart showing details of the
non multi-angle decoding process of'Fig. 70,
Fig. 72 is a flow chart showing details of the
non-multi-angled interleave process of Fig. 71,
s 15 Fig. 73 is a flow chart showing details of the

non-multi-angled contiguous block process,

Fig. 74 is a flow chart showing details of the
non-multi-angle decoding process of Fig. 70,

Fig. 75 is a flow chart showing details of the

20 seamless multi-angle decoding process of Fig. 70,

Figs. 76 and 77 are graphs in assistance of
explaining the switching between scene angles within a
multi-angle scene period,

Fig. 78 is a graph in assistance of explaining a

25 method: for achieving the data structufe shown in Fig. 46,



first belowwth reference to Fig. 1. In this structure, one title refers
to the conbination of video and audi o data expressing program 20

content recogni zed by a user for education, entertainnment, or other

pur pose. Referenced to a notion picture (novie), one title may correspond
to the content of an entire novie, or to just one scene within said novie.
-17 - PCT/ JP96/ 02806 A video title set (VIS) conprises the
bitstream data containing the information for a specific nunber of titles.
More specifically, each VTS conprises the video, audio, and ot her
reproduction data representing the contdf-5 of each tit PET/FPIGO2806:
and control data for controlling the content data. The video zone VZ is the
video data unit processed by the authoring system and conprises a specific
nunber of video title sets. More specifically, each video 10 zone is a

| i near sequence of K+ 1 video title sets nunbered VIS #0 - VIS #K where K
is an integer value of zero or greater. One video title set, preferably the
first video title set VIBig0, 78sissadgraphhdnviasged stamage ofdesplidiining e
content information of the titles contained 15 in each video title set.
The nul ti medi amethodr §am ABBuAdlyheettingstheopuddo Gt Ereseantatiomedi a

dat a bltstrean1handled bx t he aut horing_system of thé present .invention,
and times on the smallest angle switching unit level to the

same value in different angles, and
5 Fig. 80 is a graph in assistance 6f explaining
N the multi-anglé scene period data structure in which common
audio data is written to each different angle according to

the present invention.

Best Mode for Carrying Out the Invention
10 The prevent invention is detailedly déscribed
with reference to the accompénying drawings.
Data structure of the authoring systém
The logic structure of the multimedia data
bitstream processed using the recording apparatus,
15 recarding medium, reproduction apparatus, and authoring
system according to the present invention is described
first below with reference to Fig. 1.
In this structure, one title refers to the
combination of video and audio data expressing program
20 content redognized by a user for education, entertainment,
or other purpose. Referencéd to a motion picture (movie),
one title may correspond to the content of an entire movie,

or to just one scene within said movie.



conprises plural video zones VZ. 20 Aut hori na encoder EC A preferred
enbodi nent of the authoring encoder EC according to the present invention
for generating a new nultinedia bitstream MBS by re-encodi ng the original
mul tinmedia bitstream MBS according to the scenario desired 25 by the
user is.shown in Fig. 2. Note that the original -18 -
PCT/ JP96/ 02806 nul timedi a bitstream MBS conprises a video stream St1l
containing the video information, a sub-picture stream St3 contai ni ng
caption text and other auxiliary video information, and the audi o stream
St5 containing the audio 5 i nf or matildn. The video and auBCI/HRIGRBO6ar e
the bitstreans containing the video and audi o i nformati on obtained fromthe
source within a particular period of tinme. The sub-picture streamis a
bi t stream contai ni ng nonentary 10 video information relevant to a
particul ar scene. The sub-picture data encoded to a single scene nmay be
captured to video nenory and di spl ayed continuously fromthe video nenory
for plural scenes as mayabeidecesitly. s¥be(vrB) scomprisesi £heohitstaaiam
St1l, St3, and 15 St5 is obtained froma live broadcast, the video and
audi o si gnal s datasceptatoing thel infoematdonaferdeospesdficonunbear of
i magi ng source; when the nmultinmedia source data is reproduced froma video
tape or other ¥tebesi ngMeEai sRecifitcally, each VIS comprises the video,
audio, and other reproduction data representing the content
5 of each title in the set, and control data for controlling
the content data.

The video zone VZ is the video data unit
processéd by the authoring system, and comprises a specific
number of video title sets. More épecifically, each video

10 zone is a linear sequence of K + 1 video title sets
numbered VTS #0 - VTS #K where K is an integer value of
zero or greater. One video title set, preferably the first
video title set VIS #0, is used as the video manager
describing the content information of the titles contained

L 15 in each video title set.

The multimedia bitstream MBS is the largest
control unit of the multimedia data bitstream handled by
the authoring system of the present invention, and
comprises plural video zones VZ.

20 Authoring encoder EC |
A preferred embodiment of the authoring encoder
- EC according to the present invention for generating a new
multimedia bitstream MBS by re-encoding the original
multimedia bitstream MBS according to the scenario desired

25 by the user is shown in Fig. 2. Note that the original



audi o and video signals are not real-tine signals. 20 Wi | e
the nmultinmedia source streamis shown in Fig. 2 as conprising these three
source signals, this is for convenience only, and it should be noted that
the nultinmedia source stream may contain nore than three types of source
signals, and may contain source data for 25 different titles.

Mul ti medi a source data wth audio, -19 - ) PCT/ JP96/ 02806
vi deo, and sub-picture data for. plural titles are referred to bel ow as
multi-title streams. As shown in Fig. 2, the authoring encoder EC conprises
a scenario editor 100, encoding system-c®rtroller 5 200, P aﬁﬁﬁbr
300, video stream buffer 400, sub-picture encoder 500, sub-picture stream
buffer 600, audi o encoder 700, audio stream buffer 800, system encoder 900,
video zone formatter 1300, recorder 1200, and recording nediumM 10

The video zone formatter 1300 conprises video object (VOB) buffer 1000,
formatter 1100,. and volune and file structure formatter 1400. The  bitstream
encoded by themalthwedng bitelreafiCMBS thwppiesent ided mEmeams Stdcor ded
by way of exanple 15 = only to an optical disk. The scenario editor 100 of
the authoring eantaipipg shepwidephdnfermationdafasup-pictge saeamritkd

editing instructions. ,The scenarig data controls edi, Ln% .
containing caption text and other auxiliary video

information, and the audio stream St5 containing fhé audio

5 information. ' "

The video and audio streams are the bitstreams
containing the video and audio information obtaiﬁed from
the source within a particular period of time. The
sub—picture.stream is a bitstream containing momentary

10 video information relevant to a particular scene. The
supricture data encoded to a single scene may be captured
to video memofy and displayed continuously from the video
memory forlplural scenes as may be necessary.

When this multimedia source data Stl, St3, and

15 St5 is obtained from a live broadcast, the video and audio
signals are supplied in real-time from a video camera or
other imaging source; when. the multimedia source data is
reproduced fiom a video tape or other recording medium, the
audio and video signals are not real-time signals.

20 | While the multimedia source stream is shown in.
Fig. 2 as comprising these three source sighals, this is
for convenience only, and it should be noted that the
multimedia source stream may contain more than three types
of source signals, and may 6ontain source data for

25 different titles. Multimedia source data with audio,



the corresponding parts of the nultinmedia bitstream MBS 20 according to
the user's mani pul ati on of the video, sub-picture, and audi o conponents of
the original multimedia title. This scenario editor 100 preferably
conprises a display, speaker(s), keyboard, CPU, and source stream buffer.
The scenario editor 100 is connected to an -20 -

PCT/ JP96/ 02806 external nultinedia bitstream source from which the

mul ti medi a source data St1, St3, and St5 are supplied. The user is thus
able to reproduce the video and audi o conmponents of the nultinmedia source
data using the 5 di spl ay and speaker12e confirmthe cont #ETAP96/42806
generated title. The user is then able to edit the title content according
to the desired scenario using the keyboard, nouse, and ot her conmand i nput
devices while confirmng the content of the title on the display and
speakers. The 10 result of this multinmedia data mani pulation is the
scenario data St7. The scenario data St7 is basically a set of instructions
descri bi ng whatvideuwr,candasab-pisthee dhta domiglurala tsitiisss afe thefeorede
data containing plural titles 15 within a defined time period, and how

t he sel ected stor belost asi aulddsddrtlieestimeamspr oduce t he scenario
(sequence) intended by the user. Based on the instructions received_through
t he keyboard or other cofr S&haydyiige Fighe 2GPhey fathrlng #REFer | BRgt h,

and the relative tine-based posit,ons_, .
comprq%es a scenario editor 100, encoding system controller

5 © 200, video encoder 300, video stream buffer"400,
sub-pictufe encoder 500, sub-picture stream buffer 600,
audio.encoder 700, audio stream buffer 800, system encoder
900, video zone formatter 1300, recorder 1200, and
recording medium M. |

10 | The video zone formatter 1300 comprises video
object (VOB) buffer 1000, formatter 1100, and volume and
file structure formatter 1400.

The bitstream ehcoded by the authoring encoder EC
of the present embodiment is recorded by way of examble

“ 15 only to an optical disk.

The scenario editor 100 of the authoring encoder
EC outputs the scenario data, i.e., the user-defined
editing instructions. The scenario data dontrols editing
the corresponding parts of the multimedia bitstream MBS

20 according to the user’s manipulation of the video,
sub-picture, and audio components of‘the original
multimedia title. This scenario editor 100 preferably
comprises a display, speaker(s), keyboard, CPU, and source

stream buffer. The scenario editor 100 is connected to an



20 of the edited parts of the respective nmultinedia source data streans
Stl, St3, and St5 to generate the scenario data St7. The source stream
buffer has a specific capacity, and is used to delay the multinedia source
data streans -21 - : PCT/ JP96/ 02806 St1, St3, and St5 a
known time Td and then output streans Stl, St3, and St5. This delay is
required for synchronization with the editor encodi ng process. Mire
specifically, when data 5 - - encoding and user generation of scenario data
St7 are executed simnultaneously, i.e., when encoding i mediately f

editing, tine Td is required to deterni-i2 ¢+ he content of thefﬁﬂﬁqﬂﬁﬁhﬁg%
source data editing process based on the scenario data St7 as wll be-
described further 10 - below. As a result, the multinedia source data
must be delayed by tine Td to synchronize the editing process during the
actual encodi ng operation. Because this delay tine Td is limted to the
time required to synchroni ze the operation of the various system conponents
in the case of ekBernaicaudtinediadiiitsdresndesuridee frasorhighdheurce
stream buffer is normally achi eved by neans of a high speed storage. nmedi um
such as seni condatimediansoprciudatg ISalch St iang SEavRALe SHIPMRY i nedi a

source data is encoded at .once ("batch encoded") after(fo ens S8 ééoag&ta
St7 is generated for theThenpsere ifs (fhais able to reproduce the

audio components of the multimedia source data using the
5 display and speaker té confirm the content éf the generated
N title. The user is then able to edit the title content
according to the desired scenario using the keyboard,
mouse, and other command input devices while confirming the
content of the title on the display and speakers. The
10 result of this multimedia data manipulation is the scenario
data St7.

The scenario data St7 is basically a set of
instructions describing what source data is selected from
all or a subset of the source data containing plural titles

15 within a defined time period, and how the selected source
data is reassembled to reproduce the scenario (sequence)
intended by the user. Based on the instructions received
through the keyboard or other control device, the CPU codes
the position, length, ahd the relative time-based positions

20 of the edited parts éf the respeétive multimedia source
data streams St1l, St3, and St5 to generate the scenario
data St7.

| The source stream buffer has a specific capacity,

and is used to delay the multimedia source data streams



delay tinme Td nust be | ong enough to process the conplete title or |onger.

In this case, the source streambuffer nmay be a | ow speed, high capacity

storage nedi um such as video tape, magnetic disk, or optical disk. -22 -

PCT/ JP96/ 02806 The structure (type) of media used for the source stream

buffer may therefore be determ ned according to the delay tine Td required

and the all owabl e manufacturing cost. 5 The encodi ng system
controller 200 is connected to the scenario editor 100 and receives the
scenario data St7 therefrom Based on the tine-base position and qu%ah
information of the edit segment containedlin the scenario datRCBUPI6AR06
encodi ng systemcontroller 200 generates the 10 - encodi ng paraneter
signals St9, St1l, and St13 for encoding the edit segnment of the nultinedia
source data. The encoding signals St9, Stl1l, and St13 supply the paraneters
used for video, sub-picture, and audi o encoding, including the encoding
start and end timng. Note that nultinmedia 15 source data St1, St3, and

St5 are out put S&flt,eiSt3ql @ana iSHS Bd knowrhd iseurikk agid deherhwitpyt ssitreams

t herefore synchroni zed to encodi ng paraneter signals St9, St1l, and St13.

More speci ficalSitl, &tSodiang Bdanet er signal St9 20 is the video

encodi ng signal specifying the encoding timng, of video stream Sfl to,

extract the encoding segﬁ%ﬁ§144%ﬂy is required for synchronization with
the editor encoding process. More specifically, when data

5 encoding and user generation of scenario dafa st7 are
executed simultaneously; i.e., when encoding immediately
follows editing, time Td is required to determine the
content of the multimedia source data editing process based
on the scenario data St7 as will be described further

10 below. As a result, the multimedia source data must be
delayéd by time Td to synchronize the editing process
during the actual encoding operation. Because this delay
time TA is limited to the time required to synchroniée the
operation of the various system components in the case of

1 .

15 sequential editing as described above, the source stream
buffer is normally achieved by means of a high speed
storage medium such as semiconductor memory.

During batch editing in which all multimedia
source data is encoded at once ("batch encoded") after

20 scenario data St7 is generated for the complete title,
delay time Td must be long enough to process the complete
title or longer. In this case, the source stream buffer

may be a low speed, high capacity storage medium such as

video tape, magnetic disk, or optical disk.



the video stream St1 and generate the video encoding unit. Encoding
paraneter signal Stl1l1l is |ikew se the sub-picture stream encodi ng signa
used to generate the sub-picture 25 encodi ng unit by specifying the
encoding timng for -23 - ’ PCT/ JP96/ 02806 sub- picture
stream St 3. Encoding paraneter signal St13 is the audi o encodi ng signal
used to generate the audi o encodi ng unit by specifying the encoding timng
for audio stream St5. 5 - Based on the tine-base relationship
bet ween the encodi ng segnments of streans Stl, St3, and St5 in the

nul ti medi a source data contained in scerdto data St7, the eﬁ&ﬂ%@%&%&m
controller 200 generates the timng signals St2l; St23, and St25 arranging
t he encoded 10 mul ti medi a-encoded streamin the specified tinme-base

rel ati onshi p. The encodi ng systemcontroller 200 al so generates the
reproduction time information I T defining the reproduction tinme of the
title editing unit (video object, 15 VOB), and the stream encodi ng data
St 33 defining the systenThecstuskuxeet(dype)oofhmedipl asady far the GRurce
mul ti medi a stream containing video, audio, and sub-picture datg. Note that
the reproduct i 8hreaRebPRELernRaYoherefores he: dateradnesy agaoragmnss &ty Lhe

AR L NEAERR] AN SR R TGN TR
cost. : '

5 The encéding system controller 200 is connected
to the scenario editor 100 and receives the scenario data
St7 therefrom. Based on the time-base position and length
information of the edit segment contained in the scenario
data St7, the encoding system controller 200 generates the

10 encoding parameter signals St9, Stll, and St13 for encoding
the edit segment of the multimedia source data. The
encoding signals St9, Stll, and St13 supply the parameters
used for video, sub—piéture, and audio encoding, including
the encoding start and end timing. Note that multimedia

15 source data Stl, St3, and St5 are output after delay time
Td by the source stream buffer, and are therefore
synchronized to encoding parameter signals St9, Stll, and
st1i3.

More specifically, encoding parameter signal St9

20 is the video encoding signal specifying_thé encoding timing
of video stream Stl to extract the encoding segment from
the video stream Stl and generate the video encoding unit.
Encoding parameter signal Stil is likewise the sub-picture
stream encoding signal used to generate the sub-picture

25 encoding unit by specifying the encoding timing for



the title sequence control signal St39, which declares the formatting
paraneters for formatting the title editing units VOB of each of the
streans in a particular tinme-base 25 relationship as a nultinedia
bitstream More specifically, -24 - PCT/ JP96/ 02806 t he
title sequence control signal St39 is used to control the connections
between the title editing units (VOB) of each title in.the nmultinedia
bitstream MBS, or to control the sequence of the interleaved title editing
unit (VOBs) 5 interleaving the title editing units VOB of plural
reproduction paths. The video encoder 30@3i-s connected to thePE€TIPIS/RBOEam
buffer of the scenario editor 100 and to the encoding systemcontroller
200, and receives therefromthe 10 video stream St1 and vi deo encodi ng
paranmeter signal St9, respectively. Encoding paraneters supplied by the

vi deo encoding signal St9 include the encoding start and end timng, bit
rate, the encoding conditions for the encoding start and end, and the
material type. stkspidtmrmatsirtedn I$t3.  (BHRESAing | pulcandiSér osidhblveten is
signal, and tel ecine converted material. Based on the video encoding

par anet er si gndheSE®dichendatine eigal 30Hed oo dpenerapecthiecapdic of the
video stream St1 to generate the encoded video stream St15. 20

The sub- pi ct ur @naRSds WUl ky sﬁRﬁCFb#YJfl%o‘Fh%c@E‘épdmg heinbng cEoxt ﬁéﬂﬁp

buffer of the scenario
stream Stb5.

5 Based on the time-base relationship between the
N\ encoding segments of streams Stl, St3, and St5 in the
multimedia source data contained in scenario data Sf?, the
encoding system controller 200 generates the timing signalé
Sst21, st23, and St25 arranging the encoded |
10 multimedia-encoded stream in the specified time-base
relationship.

The encoding system controller 200 also generaﬁes
the reproduction time information IT defining the
reproduction time of the title editing unit (video object,

15 VOB) , and the stream encoding data St33 defining the system
encode parameters for multiplexing the encoded multimedia
stream containing video, audio, and sub-picture data. Note
that the reproduction time information IT and stream
encoding data St33 are generated'for the video object VOB

20 of each title in one video zone V3.

The encoding system controller 200 a%go generates
the title sequence control signal St39, which declares the
formatting parameters for formatting ﬁhe title editing
units VOB of each of the streams in a particular time-base

25 relationship as a multimedia bitstream. More specifically,



editor 100 and to the encoding systemcontroller 200, and receives
therefromthe sub-picture stream St3 and sub-pi cture encodi ng paraneter
signal St1l, respectively. 25 Based on the sub-picture encoding
parameter signal St11, -25 - PCT/ JP96/ 02806 t he
sub- pi cture encoder 500 encodes a specific part of the sub-picture stream
St3 to generate the encoded sub-picture stream St17. The audi o encoder 700
is also connected to the 5 source stream buffer of the scenario editor
100 and to the encoding systemcontroller 200, and receives therefromthe
audi o stream St5 and audi o encodi ng par-aageter signal St13, WPRCTYJRYG/PR80
the encoding start and end timng. Based on the audi o encodi ng paraneter
signal St13, the audi o encoder 10 700 encodes a specific part of the
audi o stream St5 to generate the encoded audi o stream St19. The vi deo
stream buffer 400 is connected to the video encoder 300 and to the encoding
"~ systemcontroller 200. The video stream buffer 400 stores the encoded vi deo

15  stream St }jd it ef Seiuldie icdRrIC @dinal0 Gt 3 d Huided sté heontosd
encoded video stream St15 as the tinme-del ayed encoded vi deo stream St 27

based on the t ithieN@onn@tt)ions? betuidn ahd dblleh@dittony ninsyst (VOB) of
controller 200. The sub-picture streambuffer 600 is simlarly 20

connected to tleachultifilet ime tirec aobdrt ixRA izn dittes titeame MERL F stetepmtrol
controller 200. The sub-picture stream

the sequence of the interleaved title editing unit.(VOBs)
5 inﬁerleaving the title editing units VOB of“plural
reproduction paths.

The video encodér 300 is connected to the source
stream buffer of the scenario editor 100 and to the
encoding system controller 200, and receives therefrom the

10 video stream Stl1 and video encoding parameter signai sto9,
respectively. Encoding parameters supplied by the video
encoding signal St9 include the encoding start and end
timing, bit rate, the encoding conditions for the encoding
start and end, and the material type. Possible material

. 15 types include NTSC or PAL video signal, and telecine

converted material. Based on the video encoding parameter
signal St9, the video encoder 300 encodes a specific part
of the video stream Stl to generate the encoded video
stream St15.

20 The sub-picture encoder 500 is similarly
connected to the source stréam buffer of the scenario
editor 100 and to the encoding system controller 200, and
receives therefrom the sub-picture stream St3 and
sub-picture encoding parameter signal St11, respectively.

25 Based on the sub-picture encoding parameter signal St1l,



buffer 600 stores the encoded sub-picture stream St17 output fromthe

sub- pi cture encoder 500, and then outputs the stored encoded sub-picture
stream St 17 as tinme-del ayed - 26 - PCT/ JP96/ 02806 encoded
sub-pi cture stream St29 based on the timng signal St23 supplied fromthe
encodi ng systemcontroller 200. The audio stream buffer 800 is simlarly
connected to the audio encoder 700 and to the encoding 5 system
control |l er 200.- The audi o stream buffer 800 stores the encoded audi o stream
St19 input fromthe audio encoder 700, and then outputs the encoded audio
stream St 19 as the tine-del ayed encoded 28idi 0 stream St 31 basROTHRI6/2806
timng signal St25 supplied fromthe encoding systemcontroller 10 200.
The system encoder 900 is connected to the video stream buffer 400,
sub-picture stream buffer 600, audio stream buffer 800, and the encodi ng
system controller 200, and is respectively supplied thereby with the

ti me-del ayed 15 encoded video stream St27, tine-del ayed encoded

sub-pi cture st thRMsG2DHidtuie ot ST ETtcisE G SpeeiE £t Parendft tRe
stream encodi ng data St33. Note that the system encoder 900 is a

mul ti pl exer thasubplilctprex etrdaan tStre-toe lgyresrste adhns Stdddedt 29b-pihdt @8l
based on the 20 stream encodi ng data St33 (timng signal) to generate
title editing s¥ream/@$l7st 35. The stream encodi ng data St 33 contalns t he

syst em encodi ng paraneters i ncl udi ng the
The audio encoder 700 is also connected to the

5 source stream buffer of the scenario editor 100 and to the
encoding system .controller 200, and receives therefrom the
audio stream St5 and éudio encoding parameter signal sti3,
which supplies the encoding start and end timing. Based on
the audio encoding parameter signal St13, the audioc encoder

_10 .700 encodes a specific part of the audio stream St§5 to
generate the encoded audio stream St19.
The video stream buffer 400 is connected to the
video encoder 300 and to the encoding system controller
200. The video stream buffer 400 stores the encoded video
Y 15 stream St15 input from the-§ideo encoder 300, and outputs
the stored encoded video stream St15 as the time-delayed
encoded video stream St27 based on the timing signal sSt21
supplied from the encoding system controller 200.
The sub-picture stream buffer 600 is similarly
20 connected to the sub-picture encoder 500 and to the
encoding system controller 206. The sub-picture stream
buffer 600 stores the encoded sub-picture stream Sti17
output from the sub-picture encoder 500, and then outputs

the stored encoded sub-picture stream Stl7 as time-delayed



encoding start and end timng. The video zone formatter 1300 is connected
to the 25 system encoder 900 and the encoding systemcontroller 200

-27 - PCT/ JP96/ 02806 from which the title editing unit
(VOB) St35 and title sequence control signal St39 (timng signal) are
respectively supplied. The title sequence control signal St39 contains the
formatting start and end timng, and the 5 formatti ng paraneters used
to generate (format) a multinedia bitstream MBS. The video zone fornmatter
1300 rearranges the title editing units (VOB) St35 in one video zone VZ in
the scenario sequence defined by the use26 based on the titl e RSEIRY/O2806
control signal St39 to generate the 10 edited-nmultinedi a stream data
St43. The nmultinmedia bitstream MBS St43 edited according to the
user-defined scenario is then sent to the recorder 1200. The recorder 1200
processes the edited nmultinmedia streamdata St43 to the data stream St45.
format 15 of the recording nediumM and thus records the formatted data

stream St 45 t oehkededc authi-pd ctibiel Btealoist 2ch dastdie onulitherstining tsigrain
MBS recorded to the recording medium M contains the volunme file structure
VFS, whi ch i ncktdas suppliledsifram didr esscafincheysiten geontiroklenrzPog
medi um 20 generated by the video zone fornmatter 1300. Note that the

encoded nul timedi a bi t st TemavedosEsimranzy L fan RA0 ds etiMi1anlY he decoder

to i medi at el K
yconnected to the audio encoder 700 and to the encoding

- 5 syétem controller 200. The audio stream pbuffer 800 stores
the encoded audio stream St19 input from the audio ehcoder
700, and then outputs the encoded audio stream-stlg as the
time-delayed encoded audio stream St31 based on the timing
signal St25 supplied from the encoding system controller
10 200.

The system encoder 900 is connected to the video
stream buffer 400, sub-picture stream buffer 600, audio
stream buffer 800, and the encoding system controller 200,
and is respectively supplied thereby with the time-delayed

QN/ 15 . encoded video stream St27, time-delayed encoded sub-picture
| stream St29, time-delayed encoded audio stream St31, and
the étream encoding data St33. Note that the system-
encoder 900 is a multiplexer that multiplexes the
time—delayéd streams St27, St29, and St31 based on the
20 stream encoding data St33 (timing signal) to generate title
editing unit (VOB) St35. The stream encoding data St33
contains the system encoding parameters, including the
encoding start and end timing.
The video zone formatter 1300 is connected to the

25 system encoder 900 and the encoding system controller 200



reproduce the edited title content. It will be obvious that the out put

mul tinmedia bitstream MBS will not in this 25 case contain the vol une
file structure VFS. -28 - PCT/ JP96/ 02806 Aut hori ng
decoder DC A preferred enbodi mrent of the authoring decoder DC used to
decode the nultinmedia bitstream MBS edited by the authoring encoder EC of
the present invention, and 5 t hereby reproduce the content of each
title unit according to the user-defined scenario, is described next bel ow
with reference to Fig. 3. Note: that in the preferred enbodi ment descri bed
bel ow the nul tinedia bitstream St45 enced@d by the aut horing BRISHRA6/G2806s
recorded to the recording 10 medium M As shown in Fig. 3, the authoring
decoder DC conprises a nultinedia bitstream producer 2000, scenario

sel ector 2100, decoding systemcontroller 2300, stream buffer 2400, system
decoder 2500, video buffer 2600, 15 sub-picture buffer 2700, audio

buf fer 2800, synchroni zer 2900, video decoder 3800, sub-picture decoder
3100, audi o dectrksm B2DEh thettitlecedfbiNg wnilbo(WaBh 8tBpuandetditis)

3600, and audi o data output term nal 3700. The bitstream producer 2000
conprises a rec@#qu¢@F€OCOntn%HiaiGnakeSDQQt(Q@mﬁn90$ign653ngr?he recordi ng
medium M a readi ng head 2006 for reading the information recorded to the
recordi ng medi UreNPeFELYebYLSIRBLiAd- hi RBeytitha SegHepce control signal

St39 contains the formatting start and end timing, and the
5 formatting parameters ﬁsed to generate (forﬁat) a

multimedia bitstream MBS. The video zone formatter 1300

rearranges the title editing units (VOB) St35 in one video

zone VZ in the scenario sequence defined by the user based

on the title sequence control signal St39 to generate the
10 edited multimedia stream data St43.

The multimedia bit§tream MBS St43 edited
according to the user-defined scenario is then sent to the
recorder 1200. The recorder 1200 processes the edited
multimedia stream data St43 to the data stream St45 format

15 of the recording medium M, and thus records the formatted
data stream St45 to the recording medium M. Note that the
multimedia bitstream MBS recorded to the recording medium M
contains the volume file structure VFS, which includes the
physical address of the data on the recording medium

20 dgenerated by ﬁhe video zone formatter 1300.

Note that_thé encoded multimedia bitstream MBS
St35 may be output directly.to the decoder to immediately
reproduce the edited title content. It will be obvious
thét the output multimedia bitstream MBS will not in this

25 case contain the volume file structure VFS.



St57; a signal processor 2008 for variously processing the read signal St57
to generate the reproduced bitstream St61; 25 and a reproduction
control | er 2002. -29 - PCT/ JP96/ 02806 The reproducti on
controller 2002 is connected to the decoding systemcontroller 2300 from
whi ch the multinmedia bitstreamreproduction control signal St53 is
supplied, and in turn generates the reproduction control 5 signals St55
and St59 respectively controlling the recording nedia drive unit (notor)
2004 and signal processor 2008. So that the user-defined video,

sub-picture, and audio portions of the m#tinedia title edite8CHYIRINE02806
aut hori ng encoder EC are reproduced, the authoring decoder DC conprises a
scenari o selector 2100 for selecting and reproduci ng the correspondi ng
scenes (titles). The scenario selector 2100 then outputs the sel ected

titles as scenario data to the authoring decoder DC. 15 The
scenari o selector 2100 preferably conprises a keyboard, CPU, and nonitor. -
Usi ng t he keybdthoxing degodernDCnputs the desired scenario based on the

content of the scenario input by the authoring encoder EC. Based on the
keyboard input, the CPU geneFafexsredcenbedimentoof thesaptberdngdsescoden

speci fying the sel ected scenari,o.. . The scenario selector 2100 is .CO ct ed
b;c an iynf grgar ed %%rfﬁ%‘ﬁ‘?cﬁ?i fcodeyFhe, mPiFlﬁﬁgﬁrﬁl B}tﬁﬁr’?ﬁ@ Hggo&a‘]%e@&yem

the authoring encoder EC of the present invention, and

5 thereby reproduce the content of each title unit according
to the user-defined scenario, is described next below with
reference to Fig. 3. Note that in the preferred embodiment
described below the multimedia bitstream St45 encoded by
the authoring encoder EC is recorded to the recording

10 medium M.

As shown in Fig. 3, the authoring decoder DC
comprises a multimedia bitstream'producer 2000, scenario
selector 2100, decoding system controller 2300, stream
buffer 2400, system decoder 2500, video buffer 2600,

15 sub-picture buffer 2700, audio buffer 2800, synchronizer
2900, video decoder 3800, sub-picture decoder 3100, audio
decoder 32@0, synthesizer 3500, video data output terminal
3600, and audio data output terminal 3700.

The bitstream producer 2000 comprises a recording

20 media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to
the recording medium M and producing the binary read signal
St57; a signal processor 2008 for variously processing the
read signal St57 to generate the reproduced'bitstreaﬁ stel;

25 and a reproduction controller 2002.



controller 2300, to which it inputs the scenario selection data St51.

-30 - PCT/ JP96/ 02806 Based on the scenario sel ection data
St 51, the decoding systemcontroller 2300 then generates the bitstream
reproduction control signal St53 controlling the operation of the bitstream
producer 2000. 5 The stream buffer 2400 has a specific buffer
capacity used to tenporarily store the reproduced bitstream St61 i nput from
t he bitstream producer 2000, extract the address information and initial

synchroni zati on data SCR (system cl ock reference) for each st
generate 10 bitstream control data St&3- The strean1buffeéegﬁgggﬂgsgpso

connected to the decoding systemcontroller 2300,  to which it supplies the
generated bitstreamcontrol data St63. The synchroni zer 2900 i s connected
to the 15  decoding systemcontroller 2300 fromwhich it receives the
system cl ock reference SCR contained in the synchronization control data
St81 to set the internal systemclock STC and SUff|y the reset system cl ock
St79 to the decodi ng systBre ceeprefuctionogontpoller 2002 is cppiegtsd R s
system cl ock St79, the decoding systemcontroller 2300 a rates the

|
stream read si gitg IREEAINT SEPEeN{FeNERPLISH| 2308 BEPBUY ? ﬂggggad si gna

St65 to the St%ﬁ%ﬂ&%%g fg gfggtream reproduction control signal St53 is

supplied, and in turn generates the reproduction control
- 5 ~ signals St55 and St59 respectively controlling the

\”/; recording media drive unit (moﬁorj 2004 and signal
processor 2008.

So that the user-defined Video, sub-picture, and
audio portions of the multimedia title edited by the

10 authoring encoder EC afe reproduced, the authoring decoder
DC comprises a scenario selector 2100 for selecting and
reproducing the corresponding scenes (titles). The
scenario selector 2100 then outputs the selected titles as
scenario data to the authoring decoder DC.

15 The scenario selector 2100 preferéﬁly comprises a
keyboard, CPU, and monitor. Using the keyboard, the user
then inputs the desired scenario based on the content of
the scenario input by the authoring encoder EC. Based on
the keyboard input, the CPU generétes the scenario

20 selection data St51 specifying the selected scenario. The
scenario selector 2100 is connected by an infrared
communications device, for example, to the decoéing system
controller 2300, to which it inputs the scenario selection

data St51.



Based on the supplied read signal St65, the 25 stream buffer 2400

out puts the reproduced bitstream St61 at -31 -

PCT/ JP96/ 02806 a specific interval to the system decoder 2500 as bitstream
St67. Based on the scenario selection data St51, the decodi ng system
controller 2300 generates the decoding 5 signal St69 defining the
stream|ds for the video, sub-picture, and audio bitstreans correspondi ng
to the selected scenario, and outputs to the system decoder 2500. Based on
the instructions contained in the decodin% signal St69, the system decoder
2500 respectively 10 outputs the videdV sub-picture, and aﬁ’@ﬂjl’%mzs%
bitstreans input fromthe streambuffer 2400 to the video buffer 2600,
sub-pi cture buffer 2700, and audi o buffer 2800 as the encoded video stream
St 71, encoded sub-picture stream St 73, and encoded audio stream St75. 15
The system decoder 2500 detects the presentation tinme stanp PTS and
decoding tine stanp DTS of the smallest control unit in each bitstream St67
to generate the tine infoBasedoonstheasc8nhirioThedection dadendtsdn dihgal
St77 is supplied to_the synchronizer 2900 through the decoding 20

syst em cont r ol | decodbnd asyshensgankroalent 28A0cShenogengratesgtherased on

this synchronization control data $St81, the synthoniz%r 2900 . det Lninqil
t he decodi ng St%}yspyﬁgﬁgreproductlon control signal St53 controlling e

operation of the bitstream producer 2000.

,; 5- The stream buffer 2400 has a specific buffer
| capacity used to temporarily store the reproduced bitstream
St61 input from the bitstream producer 2000, extract the
address information and initial synchronization data SCR
(system clock reference) for each strean, and generate

10 bitstream control data St63. The stream buffer 2400 is
also connected to the decoding system controller 2300, to
which it supplies the generated bitstream control data
Ste63.

The synchronizer 2900 is connected to the

15 decoding system controller 2300 from which it receives the
system clock reference SCR contained in the synchronization
control data St81 to éet.the internal system clock STC and
supply the reset system clock St79 to the decoding system
controller 2300.

20 Based on this system clock St79, the decoding
system controller 2300 also generateé the stream read
signal St65 at a specific interval and outputs the read
signal St65 to the stream buffer 2400.

Based on the supplied read signal Sté5, the

25 stream buffer 2400 outputs the reproduced bitstream Sté6l at



wher eby each of the bitstreans will be arranged in the 25 correct
sequence after decodi ng, and then generates and -32 -

PCT/ JP96/ 02806 i nputs the video stream decoding start signal St89 to the

vi deo decoder 3800 based on this decoding timng. The synchroni zer 2900

al so generates and supplies the sub-picture decoding start signal St91 and
audio stream5 - decodi ng start signal St93 to the sub-picture decoder
3100 and audi o decoder 3200, respectively. The video decoder 3800 generates
t he video out put request signal St84 based on the video streamdecodi

start signal St89, and outputs to the vi-ddo buffer 2600. 10 PQWQF%Q@@M%%
to the video output request signal St84, the video buffer 2600 outputs the
video stream St83 to the video decoder 3800. The video decoder 3800 thus
detects the presentation tinme information contained in the video stream

St 83, and disabl es the video output request signal 15 St 84 when the

| ength of the received video stream St83 is equivalent to the specified
presentation ti#espec¥fieointerdalel@athensyskgihdegodsr 2500 Riseditstrean
presentation tine is thus decoded by the video decoder 3800, which outputs
the reproduced $¥820 signal St104 to the synthesizer 3500. 20

The sub-picture decoder 3100 simlarly generates the, sub-pictur ut put
request signal St86 based Bﬁeathsgbgngﬁﬁﬁglgééﬁ Fﬁ&lgPa%F%ﬁgﬁi Sk
and outputs to hRg §YRPLELYLSR BULES124002300 LRI Lnl Attt ure
' 5 signal St69 defining the stream Ids for the video,
sub-picture, and audio bitstreams corresponding to the
selected scenario, and outputs to the system decoder 2509.
Based on the instructions contained in the
decoding signal St69, the system decoder 2500 respectively-
10 outputs the video, sub-picture, and audio bitstreams input
. from the stream buffer 2400 to the video buffer 2600,
sub-picture buffer 2700, and audio buffer 2800 as the
encoded video stream St71, encoded sub-picture stream St73,
- and encoded audio stream St7S5.
15 The system decoder 2500 detects the presentation
| timé stamp‘PTS and decoding time stamp DTS of the smallest
contrdl unit in each bitstream St67 to generate the time
information signal St77. This time information signal st77
is supplied to the synchronizer 2900 through the decoding
20 system controller 2300 as the synchronization control data
Ssts8l.
Based on this synchronization control data st8il,
the gynchronizer 2900 determineé theldecoding start tihing
whereby each of the bitstreams will be arranged in the

25 correct sequence after decoding, and then generates and



out put request signal St86, the sub-picture buffer 2700 25 out puts the
sub-picture stream St85 to the sub-picture -33 -

PCT/ JP96/ 02806 decoder 3100. Based on the presentation tinme information
contained in the sub-picture stream St85, the sub-picture decoder 3100
decodes a |l ength of the sub-picture stream St85 corresponding to the
specified presentation tine to 5 reproduce and supply to the

synt hesi zer 3500 the sub-picture signal St99. The synthesizer 3500

superi nposes the video signal St104 and sub-picture signal St99 to ener at e
and output the multi-picture video signal323t105 to the video PETA ékﬁﬁﬁOG
out put term nal 3600. The audi o decoder 3200 generates and supplies to the
audi o buffer 2800 the audi o output request signal St88 based on the audio
stream decodi ng start signal St93. The audi o buffer 2800 thus outputs the
audio stream St87 to the 15 audi o decoder 3200. The audi o decoder 3200
decodes a length of the audio stream St87 corresponding to the specified
present ation ti imphtsetthenvideopstsenmatiecodinge staktr sdgned Sh@%itedhe
the audi o stream St87, and outputs the decoded audi o stream St101 to the
audi o data out pyideo decpéﬁﬁlﬁ§p°3h@§edlpn|§hﬂﬁu§e§@ﬁ¥ﬂ& lﬂﬁJﬁbprdﬁuée a
user-defined multinedia bitstream MBS in real-tinme accor % (he

user - def i ned scE¥BFhEONIBLE 2800 AlER PEnexates: ARd SHPP e

sub-picture decoding start signal St91 and audio stream
- 5 decoding start signal St93 to tﬁe sub—pictufe decoder 3100
and audio decoder 3200, respectively.
| The video decoder 3800 generatés the video output
request signal St84 based on the video stream decoding
start signal St89, and outputs to the video buffer 2600.
10 In response to the video output request signal sSt84, the
video buffer 2600 oufputs the video stream St83 to the
video decoder 3800. The video decoder 3800 thus detects
thé presentation time iﬁforﬁation contained in the video
stream St83, and disables the video output request signal
15 st84 when the length of the received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
~is thus decoded by the video decoder 3800, which outputs
the reproduced video signal St104 to the synthesizer 3500.
20 The sub—piéture decoder 3100 similarly generates
the sub-picture output request signal St86 based on the
sub-picture decoding start signal St91, and outputs to the
sub-picture buffer 2700. In response to the sub-picture
output request signal St86, the sub-picture buffer 2700

25 oufputs the sub-picture stream St85 to the sub-picture



user selects a different scenario, the authoring decoder DC 25 Is able
to reproduce the title content desired by the user -34 -

PCT/ JP96/ 02806 in the desired sequence by reproducing the nmultinedia
bitstream MBS corresponding to the selected scenario. It is therefore.
possi bl e by neans of the authoring systemof the present invention to
generate a 5 mul timedi a bitstream according to plural user-defined _
scenarios by real-time or batch encoding nmultimedia source data in a nmanner
wher eby the substreanms of the smallest editing units (scenes), which can be
divided into plural substreams, expressi-8$ +he basic title comEHIP2%/02806
arranged 10 in a specific tinme-base relationshtp. The nultinedi a
bitstream t hus encoded can then be reproduced according to the one scenario
sel ected from anong plural possible scenarios. It is also possible to
change scenarios while playback is in progress, i.e., to 15 select a
different scenario and dynam cally generate a new nultinmedia bitstream
according to th@ecodérreteot| yBaskdcbadtheepaeisenthtiion dise posformation
dynami cal ly sel ect and reproduce any of plural scenes while reproducing the’
title content aceontdingdt dnatlessubdpictnrei stregam St85, the suh-tpicture

t heref ore possi ble by neans of the authoriggusysten1of t he present

i nvention to endedederd3a8P dsrpdesppodedethuct: Fhee SARHSEYRS FRRAM o

multinedia bitstream MBS in real-tine,. . . .
: St85 corresponding to the specified presentation time to

- 5 reproduce and supply to the synthesizer 3506 the
S~ sub-picture signal St99.

The 'synthesizer 3500 superimposes the video
signal St104 and sub-picture signal St99 to generate and
output the multi-picture video signal St105 to the video

10 data output terminal 3600.

The audio decoder 3200 generates and supplies to
the audio buffer 2800 the audio output request signal Sts8s
based on the audio stream decoding start signal St93. The
.audio buffer 2800 fhus outputs the audio stream St87 to the

o, 15 audio decoder 3200. The audio decoder 3200 decodes a
length of the audio stream.st87 correqunding to the
specified presentation time based on the presentation time
information contained in the audio stream St87, and outputs
the decoded audio stream St101 to the audio data output

20 ~ terminal 3700.

It is thus possible to reproduce a user-defined
multimedia bitstream MBS in real-time accordiﬁg to a
user-defined scenario. More specifically, each time the.

user selects a different scenario, the authoring decoder DC

25 is able to reproduce the title content desired by the user



A detail of the authoring systemis disclosed 25 Japanese Pat ent

Application filed Septenber 27, 1996, and -35 -
PCT/ JP96/ 02806 entitled and assigned to the sane assignee as the present
application. DVD An exanple of a digital video disk (DVD) with 5 only

one recording surface (a single-sided DVD) is shown in Fig. 4. The DVD
recording medium RCl in the preferred enbodi nent of the invention conprises
a data recording surface RS1 to and fromwhich data is witten and read by
10 emtting | aser beam LS, and a protective |ayer PL1 coverin% t he data
recording surface RS1. A backing |layer BL34Fs al so provi ded onPEREPEEKIRE06
data recording surface RS1. The side of the disk on which protective |ayer
PL1 is provided is therefore referred to bel ow as side SA 15 (conmmonl y
"side A"), and the opposite side (on which the backing |layer BL1 is
provided) is referred to as side SB ("side B"). Note that digital video

di sk recording nedia having a single data recording surface RS1 on only one

si de such as thiin e desdmiichgemuings RY repomineing tixé | mdltinedia

singl e-sided single |layer disk. A detailed illustration of area Cl in Fig.

4 is shown in Fikjtstrewn MBS gommasrandinedn dihgy seleqked RBEenarier ned by

applying a netallic thin filmor other ]

It is therefore possible by means of the
authoring system of the present invention to generate a
- 5 multimedia bitstream according to plural user-defined
scenarios by real-time or batch encoding multimedia source
data in a manner whereby the éubstreams of the smallest
editing units (scenes), which can be divided into plural
substreams, expressing the basic title content are arranged

10 in a specific time-base relationship.

The multimedia bitstream thus encoded can then be
reproduced according to the one scenario selected from
among plural possible scenarios. It is also possible to
change scenarios while playback is in progress, i.e., to

15 select a different scenario and dynamically generate a new
multimedia bitstream according to the most recently
selected scenario. It is also possible to dynamically
select and reproduce any of plural scenes while reproducing
the title content according to a desired scenario.

20 It is therefore possible by means of the
authoring system of the present invention to encode and not
only reproduce but to repeatedly reproduce a multimedia
bitstream MBS in real-time. ’

A detail of the authoring system is disclosed

25 Japanese Patent Application filed September 27, 1996, and



reflective coating as a data | ayer 4109 on a first 25 transparent | ayer
4108 having a particular thickness T1. -36 -

PCT/ JP96/ 02806 This first transparent |ayer 4108 al so functions as the
protective |ayer PL1. A second transparent substrate 4111 of a thickness T2
functions as the backing layer BL1, and is bonded to the first transparent

| ayer 4108 by neans of 5 an adhesi ve |l ayer 4110 di sposed t herebetween.
Aprinting layer 4112 for printing a disk |label nmay al so be disposed on the
second transparent substrate 4111 as.necessary. The printing lLayer 4112
does not usually cover the entire surfacedarea of the second 17P96/02806
transparent substrate 4111 (backing |layer BL1), but only the area needed to
print the text and graphics of the disk |abel. The area of second
transparent substrate 4111 to which the printing |layer 4112 is not forned
may be left exposed. Light reflected fromthe data | ayer 4109 15

(netallic thin film formng the data recording surface RS1 can therefore
be directly obsentdtileflcpndt pssliigbed to tbe pamet agsignee & dihg (Rresenteo
disk is viewed fromside SB. As a result, the background | ooks |like a

sil ver-whi te ov@8PPhAFaE1PRe printed text and graphics float when the
nmetallic 20 thin filmis an alumnumthin film for exanple. Note that

it is only necegggry to provide the printing |layer 4112 where needed for

printing, and it i's not nggesganyibo R aviadgiki Widld W hevaush iaayer

t he

—~

.5 only one recording surface (a single-sided ﬁVD) is shown in
Fig.. 4.

The DVD recording medium RC1 in the preferred
embodiment of the invention comprises a data recording
surface RS1 to and from which data is written and read by

10 emittiqg laser beam LS, and a protective-layer PL1 covering
the data recording surface RS1. A backing layer BL1 is
also provided on the back of data recording surface RS1.
The side of the disk on which protective layer PL1 is
provided is therefore referred to below as side SA

o 15 (commonly "side A"),_and the opposite side (on which the

~ | .backing layer BL1l is provided) is referred to as side SB
("side B"). Note that digital video disk recording media
having a single data recording surface RS1 on only one side
such as this DVD recording medium RC1l is commonly called a

20 single-sided single layer disk.

A detailed illustration of area Cl1 in Fig. 4 is
shown in Fig. 5. Note that the data recording surface RS1
is formed by applying a metallic thin film or other
reflective coating as a data layer 4109 on a first

25 transparent layer 4108 having a particular thickness T1.



entire surface of the backing |ayer BLL. -37 -

PCT/ JP96/ 02806 A detailed illustration of area C2 in Fig. 5is show in
Fig. 6. Pits and | ands are nolded to the common contact surface between the
first transparent |ayer 4108 and the data |ayer 4109 on side SA from which
data is read 5 by emtting a | aser beam LS, and data is recorded by
varying the lengths of the pits and lands (i.e., the length of the

i nterval s between the pits). Mre specifically, the pit and | and
configuration formed on the first transparent |layer 4108 is transferr o]
the data | ayer 4109. The 10 IengthS'éﬁ'the pits and IandsP§I§P§ﬁ6§g9%,
and the pitch of the data tracks fornmed by the pit sequences is narrower,
than with a conventional Conpact Disc (CD). The surface recording density
is therefore greatly inproved. Side SA of the first transparent |ayer 4108
on 15 which data pits are not formed is a flat surface. The second
transparent substrate 4111 is for reinforcenent, and is a transparent panel
made fromthe Svis st diranspacentriayer ahtpdrahso| fypetions ast KhBot h
sides flat. Thickness T1 and T2 are preferablg equal and connnnl¥.20

appr oxi mat el y ®@HRFEINR laxer Rkht i od seapndpbrapspagent Fpkgtrate,Aifl,
CD, information is read b irradigtin .the surface w aser gg m LS .and

! ; et g d
detecting the HafydMiFknRss cF¢ cEanGFigndr agnEhe BATKLPY: 12BEEfLL + REY

is bondéd to the first transparent layer 4108 by meahs of
- 5 an adhesive layer 4110 disposed therebetween. _
A printing layer 4112 for printing a disk label
may also be disposed on the second transparent substrate
4111 as necessary. The printing layer 4112 does not
usually cover the entire surface area of the second
10 transparent substrate 4111 tbacking layer BL1l), but only
the area needed to print the text and graphics of the disk
label. The area of second transparent substrate 4111 to
which the printing layer 4112 is not formed may be left.
exposed. Light reflected from the data layer 4109
15 (metallic thin film) forming the data recording surface RS1
can therefore be directly observed where the label is not
printed when the digital video disk is viewed from‘side SB.
As a result, the background looks like a silver—whité over
which the printed text and graphics float when the metallic
20 thin film is an aluminum thin film, for example.
Note that it is only necessary to provide the
printing layer 4112 where needed for printing, and it is
not necessary to provide the printing layer 4112 over the

entire surface of the backing layer BL1.



25 objective |l ens aperture NA can be |arge and the wavel ength -38 -
PCT/ JP96/ 02806 1 of the |ight beamsnall in a digital videodi sk system the
di aneter of the light spot Ls used can be reduced to approxinately 1/1.6
the Iight spot needed to read a CD. Note that this means the resolution of
the | aser beamLS in 5 the DVD systemis approximately 1.6 tines the
resolution of a conventional CD system The optical systemused to read
data fromthe digital video disk uses a short 650 nm wavel ength red

sem conductor | aser and an objective lens with a 0.6 nm 10 aperture NA
By thus al so reducing the thickness T of 37he transparent panePETVIPIG/G2806
more than 5 GB of data can be stored to one side of a 120 nm di anet er
optical disk. It is therefore possible to store notion picture (video)

i mages having an extrenely large per unit data size 15 to a digital

vi deo di sk systemdi sk without |osing image quality because the storage
capacity of a single-sided, single-layer recording nediumRClL with one data

recording surface RS1 as Ahdetderedi bethustratdohyofearbanes iheFigar &gds
capacity of a conventional CD. As a result, while 20 t he vi deo

presentation tishowh #ncBihyen6i onBit&€Dasgslandssanppmoldedt tby thé wommtors
if image quality is sacrificed, high quality video images with a video
present ati on t|m%n%a%ﬁe%¢h§a$ﬁobﬁﬁﬁ¢gnchhebélrétotUéUSPQrGHDVDaY¢WE4@q&teﬂ

video disk is therefore well-suited
and the data layer 4109 on side SA from whlch data is read

5 by emitting a laser beam LS, and data is recorded by

g ' varying the lengths of the pits and lands (i.e.,‘the length
of the intervals between the pits). More specifically, the
pit and land configuration formed on the first transparent
layer 4108 is transferred to the data layer 4109. The

10 lengths of the pits and lands are shorter, and the pitch of
the data tracks formed by the pit sequences is narrower,
than with a conventional Compact Disc (CD). The surface
recording density is therefore greatly improved.

Side SA of the first transparent layer 4108 on

15 which data_pits are not formed is a flat surface. The

| second transparent substrate 4111 is for reinforcement, and
is a transparent panel made from the same material as the
first transparént layer 4108 with both sides flat.
Thickhess Tl and T; are preferably equal and commonly

20 . approximately 0;6 mm, but the invention éhall not be so
limited.

As with a CD, information is read by irradiating

the surface with a laser beam LS and detecting the change
in the.reflectivity of thellight spot. Because the

25 objective lens aperture NA can be large and the wavelength



25 as a recording nediumfor video inages. -39 -

PCT/ JP96/ 02806 A digital video disk recording mediumw th plural recording
surfaces RS as described above is shown in Figs. 7 and 8. The DVD recording
medi um RC2 shown in Fig. 7 conprises two recording surfaces, i.e., first
recording 5 surface RS1 and sem -transparent second recording surface
RS2, on the sane side, i.e. side SA of the disk. Data can be

si mul t aneously recorded or reproduced fromthese two recordi ng surfaces by
using different |aser beans LSl and LS2 for the first recording surface RSl
and the second 10 recording surface R38.- It is al so possi BCA/IRD6/02806
read/wite both recording surfaces RS1 and RS2 using only one of the |aser
beans LS1 or LS2. Note that recording nedia thus conprised are called
"singl e-side, dual-layer disks.” It should also be noted that while two
recordi ng 15 surfaces RS1 and RS2 are provided in this exanple, it is

al so possible to produce digital video disk recording nedia having nore

than two recordi ngf SthéateghBbedh Séfial DUsncan@igsedl avedsBOd skS systen,
~"single-sided, multi-layer disks."” Though conprising two recordi ng surfaces

20 si m | ar |l yhé odidmeetexr cofli thye nkilght shpoh Le Gsgd ¢ant be DebDucedorts ng
medi um RC3 shown in Fig. 8 has the recording surfaces on opposite sides of
the disk, i. e. @PPEQXLMQt¢lY51/Ha§athecbidhhgspgtfaeedR51t9nr§ﬁéeaSRDand

t he second data recording surface RS2 on side SB. It will also be
Note that this means the resolution of the 1aser beam LS in

5 the DVD system is approximately 1.6 times the resolution of
~ a conventional CD system.

The optical system used to read data from the
digital video disk uses a short 650 nm wavelength red
semiconductor laser and an objective lens with a 0.6 mm

10 aperture NA. By thus also reducing the thickness T of the
transparent panels to 0.6 mm, more than 5 GB of data can be
stored to one side of a 120 mm diameter optical disk.

It is therefore possible to store motion picture
(video) images having an extremely large per unit data size

15 to a digital video disk system disk without losing image
quality because the storage capacity.of a single-sided,
single~-layer recording medium RC1 with one data recording
surface RS1 as thus described is neérly ten times the
storage capacity of a conventional CD. As a result, while

20 ‘the video presentation time of a conventional CD system is
approximately 74 minutes 'if image quality is sacrificed,
high quality video images with a video presentation time
exceeding two hours can be recorded to a DVD.

The digital video disk is therefore well-suited

25 as a recording medium for video images.



25 obvious that while only two recordi ng surfaces are shown on - 40
- PCT/ JP96/ 02806 one digital video disk in this exanple,
nore than two recording surfaces nay al so be forned on a doubl e-si ded
digital video disk. As'with the recording nmediumshown in Fig. 7, it is

al so possible to provide two separate |aser 5 beans LS1 and LS2 for
recordi ng surfaces RS1 and RS2, or to read/wite both recordi ng surfaces
RS1 and RS2 using a single |aser beam Note that this type of digital video
disk is called a "doubl e-sided, dual-layer disk.”" It will also be obvious
that a doubl e-sided digital video disk cd® 40 be conpri sed RGT/API02806
nore recording surfaces per side. This type of disk is called a

"doubl e-sided, multi-layer disk.” A plan view fromthe |aser beam LS
irradiation side of the recording surface RS of the DVD recording 15
medium RC is shown in Fig. 9 and Fig. 10. Note that a continuous spiral
data recording track TR is provided fromthe inside circunference to the
outside circunference of Ahdig¥bPalThddedat diskcaediord inguediRm svidilyipdedral
into plural sectors each having the same known storage capacity. 20

Note that for srepbrdéing swrfacke BSt asrdescaiibgd rboveTRs shovowin (Figsy.
9 with nore than three sectors per revolution. As shown in Fig. 9, the data
recordi ng track? TRNAs8ror BRI PVPorregraingk Hiesd um RCPe showsutidl ddqsde

arr ow \ . . ] |
comprises two recording surfaces, i.e., first recording

— 5 surface RS1 and semi-transparent second recérding surface
RS2, on the same side, i.e. side SA, of the disk. Data can
be simultaneously recorded or reproduced from these two
recording surfaces by using different laser beams LS1 énd
LS2 for the first recording surface RS1 and the second

10 recording surface RS2. It is also possible to read/write
both recording surfaces RS1 and RS2 using only one of the
laser beams LS1 or LS2. Note that recording media thus
coﬁprised are called "singie-side, dual-layerldisks."

It should also be noted that while two recording

15 surfaces RS1 and RS2 are provided in this example, it is
also possibie to produce digital video disk recording media
having more than two recording surfaces RS. Disks thus
comprised are known as "single-sided, multi-layer disks."

Though comprising two recording surfaces

20 similarly to the recording media shown in Fig. 7, the DVD
recording medium RC3 shown in Fig. 8 has the recording
surfaces on opposite sides of the disk, i. e., has the
first data recording surface RS1 on side SA'and the second
data recording surface RS2 on side SB. It will also be

25 obvious that while only two'recording surfaces are shown on



25 DrA) fromthe inside end point A at the inside -41 - :
PCT/ JP96/ 02806 circunference of disk RCA to the outside end point OA at the
outside circunference of the disk with the disk RCA rotating
countercl ockwi se RJA. This type of disk RCAis called a clockw se disk, and
the recording track formed 5 thereon is called a clockw se track TRA.
Dependi ng upon the application, the recording track TRB may be .f or ned
cl ockwi se fromoutside to inside circunference (see arrow DrB in Fig. 10)
fromthe outside end point OB at the outside circunference of disk RCB to
10 the inside end point IB at the insidde circunference of POI/HAOWAG
the disk RCB rotating cl ockwi se RdB. Because the recording track appears to
wi nd count ercl ockwi se when viewed fromthe inside circunference to the
out side circunference on disks with the recording track formed in 15 t he
direction of arrow DrB, these disks are referred to as countercl ockw se
di sk RCB with countercl ockwi se track TRB to distinguish themfrom di sk RCA
in Fig. 9. Noteohdadigitak dideot ddsk DnAthid BxBmple,t herer ablanmpaiwes al ong
which the | aser beamtravel s when scanning the tracks for 20 recordi ng
and pl ayback. 1mcexdion strfiacesrvaxt adsoRbie Eorwmkdcbndas doRbA.ewiged s
thus opposite the direction of track path DrA, and direction of disk )
rotation RdB i riAiieal dvigercaicks nsABswikbstbppssresding feddym shqyn in
track path DrB._, e ) . :
Fig. 7, it 1s also possible to provide two separate laser
- 5 beams LS1 and LS2 for recordihg surfaces RS1 and RS2, or to
~— read/write both recording surfaces RS1 and RS2 using a
single laser beam. Note that this type of digital video
disk is called a "double-sided, dual-layer disk." It will
also be obvious that a double-sided digital video disk can
10  be comprised with two or more recording surfaces per side.
This type of disk is called a "double-sided, multi-layer
disk." '
A plan view from the laser beam LS irradiation
side of the recording surface RS of the DVD recording
w_ 15 medium RC is shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording track TR is provided from
the inside circumference to the outside circumference of
the DVD. The data recording track TR is divided into
plural sectors each having the same known storage capacity.
20 Note that for simplicity only the data recording track TR
is shown in Fig. 9 with more than three sectors per
revolution.
As shown in Fig. 9, the data recording track TR
is normally formed clockwise inside to outside (see arrow

25 DrA) from the inside end point IA at the inside



-42 - PCT/ JP96/ 02806 An expl oded vi ew of the single-sided,
dual -1 ayer disk RC2 shown in Fig. 7 is showm as disk RC2o0 in Fig. 11. Note
that the recording tracks formed on the two recording surfaces run in
opposite directions. Specifically, a 5 cl ockwi se recording track TRA as
shown in Fig. 9 is formed in clockw se direction DrA on the (lower) first
data recordi ng surface RS1, and a countercl ockwi se recording track TRB
formed in countercl ockwi se direction DrB as shown in Fig. 10 is provided on
the (upper) second data recording 10 surface RS2.. As a result, the
outside end points OA and OB of the firsygiand second (top andpQaVIrO6)02806
tracks are at the sane radial position relative to the center axis of the
di sk RC20. Note that track paths DrA and DrB of tracks TR are al so the data
read/ wite directions to disk RC. The 15 first and second (top and
bottom recording tracks thus wind opposite each other with this disk RC
i.e., the track paths DrA and DrB of the top and bottom recording | ayers

are opposite trak\if¢dSensPPOS 4 £k ' REK ’E’@t@hEYG&‘tsiaégéﬁds?éiﬂt 34 at

dual -l ayer disks RC20 rotate in direction RdA corresponding to the first

recordi ng surf agfe Ruitsddd ¢iechfserehe@nvt Sthé agdtsk ngithothet Qdsk pah Dr A
to trace the recording track on the first recording surface RS1. Wen the

| aser beam LS resicateing heounterdioekuipei RAAOA This tgperoﬁeduskSRCAnlbe 25
refocused to end point OB on the second recordi ng surface
called a clockwise disk, and the recording track formed
e 5 thereon is called a clockwise track TRA.

Depending upon the application, the recording
track-TRB may be formed clockwise from outside to inside
circumference (see arrow DrB in Fig. 10) from the outside
end point OB at the outside circumfarence of disk RCB to

10 the inside end point IB at the inside circumference of the
disk with the disk RCB rotating clockwise RdB. Because the
recording track appears to wind counterclockwise when |
viewed from the inside circumference to the outside
circumference on disks with the recording track formed in

w15 the direction of arrow DrB, these disks are referred to as
counterclockwise disk RCB with counterclockwise track TRB
to distinguish them from disk RCA in Fig. 9. Note that
track directions DrA and DrB are the track paths along
which the laser beam travels when scanning the tracks for

20 recording and playback. Direction of disk rotation RAA in
which disk RCA turns is thus opposite the direction of
“track path DrA, and direction cf disk rotation RAB in which
disk RCB turns is thus opposite the direction of track path
DrB.



-43 - PCT/ JP96/ 02806 RS2 to continue tracing the recording
track fromthe first to the second recordi ng surface uninterrupted. The
physi cal di stance between the recording tracks TRA and TRB on the first and
second recording surfaces RS1 and RS2 can 5 t hus be instantaneously
elimnated by sinply adjusting the focus of the |laser beamLS. It is
therefore possible with an opposite track path type, single-sided,
dual -l ayer disk RC20 to easily process the recording tracks di sposed to
physically 10 di screte top and bottomrecording surfaces as a single
continuous recording track. It is therefdle al so possible i n RCTARI6H2806
system as descri bed above with reference to Fig. 1 to continuously record -
the nultinmedia bitstream MBS that is the |argest multinedi a data nanagenent
unit to tw 15 di screte recording surfaces RS1 and RS2 on a single
recordi ng nedium RC20. It should be noted that the tracks on recording
surfaces RS1 and RS2 can be wound in the directi-ons opposite those

descri bed above, i.e., thencexpledeldockewser2fhe sihfleksiBBdjaduad-~layer
provi ded on the first recording surface RS1 and the cl ockw se track TRA on
t he second recodiskhgRERr $hoenRbA. Fig.t i $scabewnhhesddiekt RGRoofindiFsky. 11.
rotation is also changed to a clockw se rotation RdB, thereby enabling the
two recordi ng shetactBatothe weegrdingstrackgofiprmetingnathiengme @GMHIWUGEB

recording track as _descri bed
surfaces run in opposite directions. Specifically, a

5 clockwise recording track TRA as shown in Fig. 9 is formed

N in clockwise direction DrA on the'(lower) first data
recording surface RS1, and a counterclockwise recording
track TRB formed in counterclockwise direction DrB as shown
in Fig. 10 is provided on the (upper) second data recording

10 surface RS2. As a result, the outside end.points OA and OB
of the first and second (top and bottom) tracks are at the
same radial position relative to the center axis of the
disk RC2o0. Note that track paths DrA and DrB of tracks TR
are also the data read/write directions to disk RC. The

15 first and second (top and bottom) recording tracks thus
wind opposite each other with this disk RC, i.e., the track
paths DrA and DrB of the'top and bottom recording layers
are opposite track paths.

Opposite track path tyée, single-sided,

20 dual-layer disks RC2§ rotate in direction RdA corresponding
to the first recording surface RS1 with the laser beam LS
traveling along track path DrA to trace the recording track
on the first recording surface RS1l. When the laser beam LS
reaches the outside end point OA, the laser beam LS can be

25 refocused to end point OB on the second recording surface



-44 - PCT/ JP96/.02806 above. For sinplification, a further
exanple of this type of disk is therefore neither shown nor descri bed
below. It is therefore possible by thus constructing the digital video disk
to record the nultinmedia bitstream MBS 5 for a feature-length title to
a single opposite track path type, single-sided, dual-layer disk RC20. Note
that this type of digital video disk nmediumis called a single-sided
dual -l ayer disk with opposite track paths. Another exanple of the

si ngl e-si ded, dual -1ayer 10 DVD recordi ng nedium RC2 shown in Fig. 7 is
shown as disk RC2p in Fig. 12. The recorggng tracks forned onpQUIIPIEI02806
and second recording surfaces RS1 and RS2 are cl ockwi se tracks TRA as shown
in Fig. 9. In this case, the single-sided, dual-layer disk RC2p rotates
count ercl ockwi se 15 in the direction of arrow RdJA, and the direction of

| aser beam LS travel is the sane as the direction of the track spiral

i.e., the track paths of the top and bottomrecording surfaces are nutually

paral l el (paraldsld ¢d %ﬁﬁ&&)tra%n%%ﬁé Ot S5 DY e Bl fEoROtRe! eRratd

bottom 20 tracks are again preferably positioned at the sane radi al

position rel atitee the tdecamhtrdcord inPfsuPeade sknfiPeraaptieacr i brd above.
As al so described above with disk RC2o shown in Fig. 11, the access point

can be i nst ant pgmisdal shidtaatcd rietwadrsithee anecqod img Bracksr ARA aRA TRB

the first 25 recording surface RS1 to the outside end point OA of track
on the first and second recording surfaces RSl and RS2 can

5 thus be instantaneously eliminated by 51mply adjusting the
focus of the laser beanm LS. .

It is therefore poséible with an opposite track
path type, single-sided, dual-layer disk RC2o0 to easily
process the recording tracks disposed to physically

10 discrete top and bottom recording éurfaces as a single
continuous recording track. It is therefore also possible
in an authoring systéem aé described above with reference to
Fig. 1 to cbntinuously record the multimedia bitstream MBS
that is the largest multimedia data management unit to two

\__ 15  discrete recording surfaces RS1 and RS2 on a single

recording medium RC2o0.

It should be noted that the tracks on recording
surfaces RS1 and RS2 can be wound in -the directions
opposite thoée described above, i.e., the counterclockwise

20 track TRB may be provided on the first recording surface
RSl and the clockwise track TRA on the second recording
surface RS2. .In this case the direction of disk rotation
is also changed to a clockwise rotation RAB, thereby

enabling the two recording surfaces to be used as

25 comprising a single continuous recording track as described



-45 - ' PCT/ JP96/ 02806 TRA on the second recordi ng surface
‘RS2 by appropriately adjusting the focus of the | aser beam LS at outside
end point OA. However, for the |laser beam LS to continuously 5 access

t he cl ockwi se recording track TRA on the second recording surface RS2, the
recordi ng nmedi um RC2p nust be driven in the opposite direction (clockw se,
opposite direction RdA). Depending on the radial position of the | aser beam
LS, however, it is inefficient to change the 10 rotational direction of
the recording medium As shown by the diagonal arrowin Fig. 12, the | aser
beam LS is therefore noved fromthe outs#dle end point QA of tRETHPAGH2806
the first recording surface RS1 to the inside end point I A of the track on
t he second recording surface RS2 to use 15 t hese physically discrete
recording tracks as one logically continuous recording track. Rather than
using the recording tracks on top and bottom recordi ng surfaces as one _
continuous recording track, it is also possible to use the recording tracks
to 20 I ecolglbovits MEAdY nEidipl 1 icHt v dBurthexli dtanphe of ttiess Ehpe

type of digital video disk recording nediumis called a "single-sided,
dual - I ayer di slofiidilskparsaltiherafamk mpaitver siuwn ther déschibedrielown of
the tracks forned 25 on the recording surfaces RS1L and RS2 is opposite
t hat _ It is therefore possible by thus constructing the
| digital video disk to record the multimedia bitstreaﬁ MBS
5 | for a feature-length title to a single oppo;ite track path.
type, single-sided, dual-layer disk RC20. Note that this
type of digital video disk medium is called a single-sided
dual-layer disk with opposite track paths.
Another example of the single-sided, dual-layer
10 DVD recording medium RC2 shown in Fig. 7 is shown as disk:
RC2p in Fig. 12. The recording tracks formed on both first
and second recording surfaces RS1 and RS2 are clockwise
tracks TRA as shown in Fig. 9. 1In this case, the
singie—sided, dual-layer disk RC2p rotates counterclockwise
s 15 in the direction of arrow RAA, and the direction of laser
beam LS travel is the same as the direction of the track
spiral, i.e., the ﬁrack paths of the top and bottom
recording surfaces are mutually parallel (parallel track
paths); The outside end points OA of both top and bottom
20 tracks are again preferably positioned at the same radial
position relative to the center axis of the disk RC2p as
described above. As also described above with disk RC2o0
shown in Fig. 11, the access point can be instantaneously

,shifted from outside end point OA of track TRA on the first

25 recording surface RS1 to the outside end point OA of track



-46 - PCT/ JP96/ 02806 descri bed above, i.e.,
count ercl ockwi se recording tracks TRB are forned, disk operation renains
the sane as that described above except for the direction of disk rotation,
which is clockwi se as shown by arrow RdB. 5 Whet her usi ng

cl ockwi se or countercl ockw se recordi ng tracks, the single-sided,
dual -1 ayer disk RC2p with parallel track paths thus described is
well-suited to storing on a single disk encyclopedia and simlar nultinedia
bitstreans conprising multiple titles that are 10 frequently and
random y accessed. An expl oded view of {fe _dual-sided singl e-peyspPob2806
recordi ng medi um RC3 conprising one recordi ng surface |ayer RS1 and RS2 on
each side as shown in Fig. 8 is shown as DVD recording medium RC3s in Fig.
13. C ockw se 15 recording track TRA i's provided on the one recording
surface RS1, and a countercl ockw se recording track TRB is provided on the
ot her recording surface RS2. As in the preceding recording nedia, the

out si de end pOigas o%t?{@ &{a-tlf@céxe&%&gitag#é@&késmdfgﬁ%%@ﬁg&ﬂaﬂy

surface are 20 preferably positione e sane ra

relative to thadREtEn e Hoddle SVRARECLISEN pddl | N FE3Gut SP4e Lhat

whil e the recording tracks .on these recording surfaces RS1 and RS2 rotate
i n opposite di peditoroa. the track paths are symetrical. This type of 25
recording nmediumis therefore known as a doubl e-si ded dual _ .
However, for the laser beam LS to continuously
.3 access the clockwise recording track TRA on the second
~ recording surface RS2, the'recording medium RC2p must be
driven in the oppositexdirectipn (clockwise, opposite
direction RdA). Depending on the radial position of the
laser beam LS, however, it is inefficient to change the
10 rotational direction of the recording medium. As shown by
the diagonal arrow in Fig. 12,'the laser beam LS is
‘therefore moved from the outside end point OA of the track
on the first recording surface RS1 to the inside end point
IA of the track on the second recording surface RS2 to use
w’ 15 these physically discrete recording tracks as one logically
continuous recording track.

Rather than using the recording tracks on top and
bottom recording surfaces as one continuous recording
track, it is also possible to use the recording tracks to

20 record the multimedia bitstreams MBS for different titles.
This type of digital video disk recording medium is called
a "single-sided, dual-layer disk_with parallel track
paths."” '

Note that if the direction of the tracks formed

25 on the recording surfaces RS1 and RS2 is opposite that
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pat hs. This doubl e-sided dual layer disk with symmetrical track paths RC3s
rotates in direction RJA when reading/witing the first recording surface
RS1. As a result, the track path on the second 5 recordi ng surface RS2
on the opposite side is opposite the direction DrB in which the track
winds, i.e., direction DrA Accessing.both recording surfaces RS1 and RS2
using a single laser beam LS is therefore not realistic irrespective of
whet her access is continuous or 10 non-continuous. In addition, a

mul timedia bitstream MBS is separately regorded to the recor diPQY/FRI6/0280%
on the first and second sides of the disk. A different exanple of the :
doubl e-si ded single |ayer disk RC3 shown in Fig. 8 is shown in Fig. 14 as
di sk 15 RC3a. Note that this disk conprises clockw se recording tracks
TRA as shown in Fig. 9 on both recording surfaces RS1 and RS2. As with the
precedi ng recordi ng nedia, the outside end points OA and QA of the

recording track§e98reBed aB60&(i Ndes|r EaGALtaER1BERWEERD LR INORIh s t he
20 sane radial position relative to the center axis of the DVD

recordi ng nedi UIRRG3pe Forméd,t désHoopeeasidndrdmatinsayhe diame st that
symmetrical track paths RC3s described above, the tracks on these recording
surfaces RS1 ande®Seibed abgweeexcept. £ohi theygérettdionk oifs dilsdr afodiad damown
as a 25 doubl e-si ded dual |ayer disk with asymmetrical track paths.
which is clockwise as shown by arrow RAB.
5 Whether using clockwise or counteéclockwise
> recording tracks, the single—sideé, dual-layer disk RC2p
with parallel track paths thus described is well-suited to
storing on a single disk encyclopedia and similar
multimedia bitstreams comprising multiple titles that aré
10 frequently and randomly accessed.
An exploded view of the dual-sided single-layer
DVD recording medium RC3 comprising one recording surface
layer RS1 and RS2 on each side as éhown in Fig. 8 is shown
as DVD recording medium RC3s in Fig. 13. Clockwise |
, 15 recording track TRA is provided on the one recording
surface RS1, and a counterclockwise recording track TRB is
provided on the other recording surface RS2. As in the
preceding recording media, the outside end points OA and OB
of the recording tracks on each recording surface are
20 preferably positioned at the same radial position relative
to the center axis of the DVD recording medium RC3s.
| Note that while the recording tracks on these
recording surfaces RS1 and RS2 rotate in opposite

directions, the track paths are symmetrical. This type of

25 recording medium is therefore known as a double-sided dual
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asymetrical track paths RC3a rotates in direction RJA when readi ng/witing
the first recording surface RS1. As a result, the track path on the second
recordi ng surface RS2 on the opposite 5 side is opposite the direction
DrA in which the track winds, i.e.,. direction DrB. This neans that if a
| aser beam LS is driven continuously fromthe inside circunference to the
outside circunference on the first recording surface RS1, and then 10
fromthe outside circunference to the inside circunference on the second
recording surface RS2, both sides of the 4%Z€eordi ng medi um RC3PCHHPHH02806
read/witten without turning the disk over and w thout providing different
| aser beans for the two sides. 15 The track paths for recording
surfaces RS1 and RS2 are also the sane with this doubl e-sided dual |ayer
disk with asymmetrical track paths RC3a. As a result, it is also possible’
to read/wite both sides of the disk w thout providing separate |aser beans
for each.side iflaybe d@sk withosgmmgtiddalmtiB@dk ipaths.nedhiserdddileaided
sides, and the read/wite apparatus can therefore be constructed
economi cal | y. | dusBodkryelediskewithasymetnicadr dinagknpdiths ROAS motates
functional ly identical even if counterclockw se
in direction RAA when reading/writing the first recordlng
surface RS1. As a result the track path on the second
5 recordlng surface RS2 on the opposite side is opposite the
N\ : direction DrB in which the track Wlnds, i.e., direction
DrA. Accessing both recording surfaces RS1 and RS2 using a
‘single laser beam LS is therefore not realistic
irrespective of whether access is continuous or
10  non-continuous. In addition, a multimedia bitstream MBS is
separately recorded to the recording surfaces on the first
and second sides of the disk.
A different example of the double-sided single
layer disk RC3 shown in Fig. 8 is shown in Fig. 14 as disk
15 RC3a. Note that this disk comprises clockwise recording
tracks TRA as shown in Fig. 9 on both recording surfaces
RS1 and RS2. As with the preceding recording media, the
outside end points OA and OA of the recording tracks on
each recording surface are preferably positioned at the
20 same radial position relative to the center axis of the DVD
recordinq.medium RC3a. Unlike the double-sided dual layer
disk with symmetrical track paths RC3s described above, the
tracks on these recording surfaces RS1 and RS2 are
asymmetrical. This type of disk is therefore known as a

25 double-sided dual layer disk with asymmetrical track paths.
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pl ace of clockw se recording track TRA on both recording surfaces RS1 and
RS2. As described above, the true value of a DVD system whereby the storage
capacity of the recordi ng nmedium5 can be easily increased by using a
multiple layer recording surface is realized in nmultinmedia applications
wher eby plural video data units, plural audio data units, and plural
graphics data units recorded to a single disk are reproduced through
interactive operation by the user. 10 It is therefore

possi bl e to achi eve one | ong-standi ng desigre of software (proBCIKTRIGH)2806
provi ders, specifically, to provide programm ng content such as a
comercial novie on a single recording mediumin plural versions for

di fferent | anguage and denographi c groups 15 while retaining the inmage
quality of the original. Parental control Content providers of novie and
video titles have conventionally had to produce, supply, and nmanage the

i nventory of inghysdashbletseacinaiuht Layer! angkageth d8ymmetyiicadl kyadxe
| anguage of each distribution market, and nulti-rated title packages

conform ng to tpetharrosal rovatesl ifcaigectibp) RARGWhehi eeaddhg)/wehiitiiceal

countries in Europe and North Anerica. The tinme and resources required for

this are signiftbanfirshi rechirghingnayefqoel R6}.i sAs a result, the track
path on the second recording surface RS2 on the opposite

. 5 side is opposite the direction DrA in which“the track
winds, i.e., direction DrB. '

This means that if a laser beam LS is driven
continuously from the inside circumference to the outside
circumference on the first recording surface RS1, and then

10 from the outside circumference to the inside circumference
on the second recording surface RS2, both sides of the
recording medium RC3a can be read/written without turning
the disk over and without providing different laser beams
for the two sides. |

e 15 The track paths for recording surfaces RS1 and
RS2 are also the same with this double-sided dual layer
disk with asymmetrical track paths RC3a. As a result, it
is also possible to read/write both sides of the disk
without providing separate laser beams for each side if the
20 recording medium RC3a is turned over between sides; and the
read/write'apparatus can therefore be constructed
economically.
It should be noted that this recording medium

remains functionally identical even if counterclockwise
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content nust al so be consistently reproduci ble. The digital video disk
recording nediumis close to solving these problens. 5 Ml tiple angles
One interactive operation w dely sought in nultinedia applications today is
for the user to be able to change the position fromwhich a scene is viewed
during reproduction of that scene. This capability is achieved by 10

nmeans of the nultiple angle function. This multiple angle function makes
possi bl e applicati ons whereby, for exanple, a user can watch a basebal

gane fromdifferent angles (or virtual pd9i-tions in the stadi BGL/TP6HN2806
freely swtch between the views 15 while viewing is in progress. In
this exanple of a baseball ganme, the avail able angles nmay include a
position behind the backstop centered on the catcher, batter, and pitcher;
one from behind the backstop centered on.a fielder, the pitcher, and the
catcher; and one fromcenter 20 field showing the view to the pitcher

and catcher. TaddierdckUIREBNRStSrovidedi dntplageded diskkwejiseem uses
MPEG, the sane basic standard format used with Video-CDs to record the

vi deo, audi 0, greapinding dnchak HERA sogniadthlarecoBiingssuvfache BBAf andnRS2 .

in storage 25 ~ capacity, transfer.rates, and signal processing

per f or mance As described above, the true value of a DVD

-system whereby the storage capacity of the recordlng medium

5 can be easily increased by using a multiple layer recording
surface is realized in multimedia‘applications whereby
plural video data units, plural audio data units, and
plural graphics data units recorded to a single disk are
‘reproduced through interactive'operation by the user.

10. It is therefore possible to achieve one
1ong—standing desire of software (programming) providers,
specifically, to provide programming content such as‘a
commercial movie on a single recording medium in plural
versions for different language and demographic groups

w_ 15 while retaining #he image gquality of the original.

Parentallcontrol
Content providers of movie and video titles have
conventionally had to produce, supply, and manage the
inventory of individual titles in multiple languages,
20 typically the language of each distribution market, and
multi-rated title packages conforming to the parental
-control (censorship) regulations of individual countries in

Europe and North America. The time and resources required

for this are significant. While high image guality is
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uses MPER2, the conpression nethod and data format of whi.ch differ slightly
fromthe MPEGL format used with Video-CDs. It should be noted that the
content of and 5 di fferences between the MPEGL and MPE®R st andards have
no direct relationship to the intent of the present invention, and further
description is therefore onmtted bel ow (for nore information, see MPEG
specifications 1SO 11172 and |1 SO 13818). 10 The data
structure of the DVD system according to the present invention is described
I.n detail belowwith reference to Figs. _%f,_ 17, 18, 19, 20, a

Mul ti-scene control A fully functional a§ pract I cal parental é %9fé02806
pl ayback function and nulti-angle scene playback function nust enable t he
user to nodify the systemoutput in mnor, subtle ways while stil
presenting substantially the sane video and audi o output. If these
functions are achieved by preparing and recording separate titles

-sati sfying eac d t

scene playback reques s %ﬁﬁ?es %%étégé §3§9%§ﬁ§3g|§8858§§tpg§k 5 %ngf%e
in only mnor vayss{&eénPey’PeRFI8EciR1LNe recording nedlun1 This results
in identical data being repeatedly recorded to the |arger part of the

recording 25 medi um  amgle SA §Gi tAT Rl d¥ol @iERESeEBLA Y Médiu@Nis close
to solving these problems.
5 Multiple angles
One interactive operatidn widely sought in
multimedia applications today is for the usef to be able to
change the positien from which a scene is viewed during
reproduction of that scene. This capability is achieved by
10 means of the multiple angle function.
This multiple angle function makes possible
applications whereby, for example, a user can watch a
baseball game from different angles (or virtual positions
in the stadium), and can freely switch between the views
15 while viewing is in pregress. In this example of a
baseball game, the available angles may include a position
behind theibackstop centered on the catcher, battef, and
pitcher; one from behind the backstop centered on a
fielder, the pitcher, and the catcher; and one from center
20 field showing the view to the pitcher and catcher.
To meet these requirements, the digital video disk system
uses MPEG, the same basic standard format used with
Video-CDs to record the video, audio, graphics, and other
signal data. Because of the differences in storage

25 capacity, transfer rates, and signal processing performance
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capacity. More particularly, it is virtually inpossible to record discrete
titles satisfying every possible request even using the nmassive capacity of
the digital video disk medium Wiile 5 it may be concluded that this
probl em can be easily solved by increasing the capacity of the recording
medium this is an obviously undesirable solution when the effective use of
avail abl e systemresources is considered. Using nmulti-scene control, the
concept of which 10 i s described in another section below, in a DVD
system it is possible to dynamcally cofyiruct titles for nugergprs6/02806
variations of the sane basic content using the smallest possible anmount of
data, and thereby effectively utilize the avail able system resources
(recording mediun). Mre 15 specifically, titles that can be played back
W th nunerous variations are constructed from basic (conmon) scene periods
contai ning data common to each title, and nulti-scene periods conprising

groups of di I GAeH1rS SHICTGALERAINI Qo0 V BV UdL YA, b1 N0 20

r epr oducti on, e user is ableto reel ‘any tinme select particular
scenes fromt h%oﬁﬂr@sﬁ%“%e%ﬁ@do%dt QaPe FPraid Yo AiSidH diSed td Eightly

conformng to the desired content, e.g., atitle omtting certain scenes
using the par efram 'toek MPHUY Foriistcise@ with Video—-CDs.
It should be noted that the content of and
T 5 differences between the MPEG1l and MPEG2 standards have no
direct relationship to the intent of the present invention,
and further description is therefore omitted below (for
more information, see MPEG specifications IS0-11172 and
IS0-13818).
10 The data stfucture of the DVD system according to
the present invention is described in detail below with
reference to Figs. 16, 17, 18; 19, 20, and 21.
Multi-scene. control
A fully ftnctional and practical parental lock
\— 15 playback function and multi-angle scene playback function
must enable the user to modify the system 6utput in minor,
subtle ways while still presenting substantially the same
video and audio output. If these functions are achieved by
preparing and recording separate titles éatisfying each of
20 the many possible parental 1ock and multi-angle scene
| playback requests, titles that are substantlally identical
and differ in only minor ways must be recorded to the
recording medium. This results in identical data being
repeatedly recorded to the'larger part of the recording

25 medium, and significantly reduces the utilization



-53 - PCT/ JP96/ 02806 Note that nulti-scene control enabling
a parental |ock playback control function and nulti-angle scene playback is
described in another section below with reference to Fig. 21. 5 Dat a .
structure of the DVD system The data structure used in the authoring system
of a digital video disk systemaccording to the present invention is shown
in Fig. 22. To record a nultinmedia bitstream MBS, this digital video disk
system di vi des the 10 recording mediuminto three nmgjor recording areas,
the lead-in area LI, the volunme space VS, and the | ead-out area LO The

| ead-in area LI is provided at the insida&2circunference area PCIVIRO6NBR062!
disk. In the disks 15 described with reference-to Figs. 9 and 10, the

| ead-in area LI is positioned at the inside end points I A and | B of each
track. Data for stabilizing the operation of ‘the reproducing apparatus when
reading starts is witten to the lead-in area LI. 20 The

| ead-out area LOis correspondingly |ocated at the outside circunference of

the optical di Sé%fic.féncﬁtoﬂuéﬁéd@v@ﬂﬂaﬁﬂ?énéﬁo g8NdapBcitysachiolreack in
t he di sks described with reference to Figs. and 10. Data identifying the
end of the vol pertsiackany| sit efor dedtugl 2 1mpbbsiblleadooM'éc&lrﬁadh@crete
titles satisfying every possible request even using the
massive capacity of the digital video disk medium. ﬁhile
5 it may be concluded that this problem can bé easily solved
N, by increasing the capacity of the recording medium, this is
an obviously undesirable solution when the effective use of
available system resources is considered.
Using multi-scene control, the concept of which
10 is described ih anoﬁher section below, in a DVD system, it
is possible to dynamically construct titles for numerous
variations of the same basic content using the smallest
possible amount of data, and thereby effectively utilize
the available system reéources (recording medium). More
15 spééifically, titles that can be played back with numerous
variations are constructed from basic (cbmmon) scene
periods containing data common to each title, and
multi-scene periods comprising groups of different sqenes
corresponding to the various requests. During
20 - reproduction, the user is able to freely and at any time
select particular scenes from the multi-scene periods to
dynamically construct a title conforming to the desired
content, e.g., a title omittihg certain scenes using the

parental lock control function.
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the lead-in area LI and | ead-out area LO and is recorded as a

one-di mensional array of n+l (where n is an integer greater than or equal
to zero) 2048-byte logic sectors LS. The 5 | ogic sectors LS are
sequenti al | y nunber #0, #1, #2, #n. The volunme space VS is also divided
into a volunme and file structure nanagenent area VFS and a file data
structure area FDS. The volune and file structure managenent area VFS 10
conprises mtl | ogic sectors LS#O to LS#m (where mis an integer greater
than or equal to zero and less than n. I§g-file data structurPCFOP96/02806
conprises n-mlogic sectors LS #m1 to LS #n. Note that this file data
structure area FDS 15 corresponds to the nultinmedia bitstream MBS shown
in Fig. 1 and described above. The volune file structure VFSis the'file
system for managing the data stored to the vol une space VS as files, and is
divided into |l ogic sectors LS#0 - LS#m where 20 mis the nunber of

sectors required to storaicid tdt MEREEtdehdBEGOe-dNeeabl i B8gdaSkarantails
a natural nunmber less than n. Information for the files stored to the file

data struct ur e laoka gllaybackwadritarol ofunet o vamd ikt S+angler ec¥hé

accordlng to a known specification such as 25 | SO 9660 or | SO 13346.
playback is described in another sectlon below with
reference to Fig. 21.

5 Data_ structure of the DVD system
N\ : The data structure used in the authoring sYstem

of a digital video disk system according to the present
invention is shown in Fig. 22. To record a multimedia
bitstream MBS, this digital video disk system divides the

10 recording mgdium into three major recording areas, the
lead-in area LI, the volume space VS, and the 1eadfout area
Lo.

The lead-in area LI is provided at the inside
circumference area of the optical disk. In the disks
v 18 described with reference to Figs. 9 and 10, the lead-in
area LI is positioned at the inside end poiﬁts IA and IB of
each track. Data for stabilizing the operatioﬁ of the
reproducinq apparatus when reading starts is written to the
lead-in area LI.

20 The lead-out area LO is correspondingly located
at the outside circumference of the optical disk, i.e., at
outside end points OA and OB of each track in the disks
described with reference to Figs; 9 and 10. Data |
identifying the end of the volume space VS is recbrded.in

25 this lead-out area LO.
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conprises n-mlogic sectors LS#m - LS#n, each conprising a video nanager
VMG sized to an integer nmultiple of the |logic sector (2048 x I, where | is
a known integer), and k video title sets 5 VTS #1 - VTS#k (where k is a
nat ural nunber |ess than 100). The video manager VMG stores the title
managenent information for the entire disk, and information for building a
vol une nmenu used to set and change reproduction control of the entire

vol ume. 10 Any video title set VIS #k is also called a "video
file" representing a title conprising vidgga, audio, and/or stPpOT/TPOEE2806
data. The internal structure of each video title set VIS shown in Fig. 22
is shown in Fig. 16. Each video title 15 set VTS conprises VTS

i nformati on VTSI describing the managenent information for the entire di sk,
and the VIS title video objects VOB (VISTTVOBS), i.e., the system stream of
the nultinedia bitstream The VIS information VTSI is described first

bel ow, followed by the Vifhti¢beuRd spa¥OBPs THe1YFsteAl Be¥Reean the Marily
i ncl udes the VTSI managenment table I MAT and VTSPGC i nformation table

VTSPGECI T. The Vi&harihoges@ntit ahhecldIS-ME skenesosuaid?2is recdoridedaais en
as the internal structure of the video title

one-dimensional array of n+l (where n is an integer greater

than or equal to zero) 2048-byte logic sectors LS. The

, 5 logic sectors LS are sequentially number #0; #1, #2, ...
~ #n. The volume space VS is also divided into a volume and
file structure management area VFS and a file data
structure aréa FDS.
The volume and file structure management area VFS
10 comprises m+l logic sectors LS#0 to Ls#m'(where m is an
iﬁteger greater than or equal to zero and less than n. The
file data structure FDS comprises n-m logic sectors LS #m+l
to LS #n.
Note that this file data structure area FDS
e 15 . corresponds to the multimedia bitstream MBS shown in Fig. 1

and described above.

The volume file structure VFS is the file system
for managing the data stored to the volume space VS as
files, and is divided into logic sectors LS#0 - LS#m where

20 m is the number of sectors required to store all data
needed to manage the entire disk, and is a natural number
less than n. Information for the files stored to the file
data structure area FDS is written to the volume file
structure VFS according to a known specification such as

25 IS0-9660 or ISO-13346.
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audi o streans contained in the video title set VTS, the nunber of
sub-pictures, and the video title set VIS |ocation (storage address). The
VTSPGC i nformation table VIS PGCIT records i 5 (where i is a natural
nunber) program chain (PGC) data bl ocks VIS PGCI #1 - VIS PGCl #i for
controlling the playback sequence. Each of the table entries VISPGCI #i is
a data entry expressing the programchain, and conprises | (where j is a .
nat ural nunber) cell playback infornmation 10 bl ocks C PBI #1 - C PBI #j.
Each cell playback information bl ock C PBb65# contains the pl apGTIPO6/02806
sequence of the cell and playback control information. The program chain
PGC is a conceptual structure describing the story of the title content,
and therefore 15 defines the structure of each title by describing the
cel |l playback sequence. Note that these cells are described in detai

below If, for exanple, the video title set infornation relates to the

menus, the video title setThefPiv@tdora \E&tudfure atéa SFPSedohpr fsbBf hem i n
t he pl ayback devi ce when pl ayback starts. |If the user then presses a MENU

button on a rendiayicoraectiorViS#n +diS#xanpaeh dompnisphgydackdedbhmanager
pl ayback device references the buffer to fetch the nenu information and
di spl ay the top WREhwsized |totar integenrmulbiple of cthechogie, sentonni(3048
menu stored as e{roxgr %vrpxecrhgif is a known integer), and k video title 'sets
[ ’ .
- 5 VTS #1 - VIPS#k (where k is a natural number“less than 100).
~ The video manager VMG stores the title management
information for the entire disk, and information for
building a volume menu used to set and chaﬁge reproduction
control of thé entire volume.

10 Any video title set VIS #k is also callea a
Wvideo file" representing a title comprising video; audio,
and/or still image data.

The internal structure of each video title set
VTS shown in Fig. 22 is shown in Fig. 16. Each video title
kvv) 15 set VTS comprises VTS. information VTSI describing the
| management information for the entire disk, and the VTS
title video objects VOB (VISTT VOBS), i.e., the system
stream of the multimedia bitstream. The VTS information
VTSI is described first below, followed by the VTS title

20 VOBS.

The VTS information primarily includes the VTSI
management table VTSI_MAT and VTSPGC information table
VTS_PGCIT.

The VTSI management table VTSI _MAT stores such

25 information as the internal structure of the video title
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di spl ayed, for exanple, by pressing the MENU button, VTSPGCI #2 - #9 may
correspond to subnmenus accessed using the nuneric keypad on the renote
control, and VTSPGCI #10 and hi gher may correspond to 5 addi ti onal
subnmenus further down the hierarchy. Alternatively, VISPGCI #1 may be the
top menu di splayed by pressing the MENU button, while VISPGO #2 and hi gher
may be voi ce gui dance reproduced by pressing t he correspondi ng nuneric key.
10 The nenus thensel ves are expressed by the plural program
chains defined in this table. As a result56the nenus nay be f RETAPI6/02806 .
constructed in various ways, and shall not be limted to hierarchical or
non- hi erarchi cal nmenus or nenus contai ning voi ce gui dance. 15

In the case of a novie, for exanple, the video title set information VTS
Is stored to a buffer in the playback devi ce when pl ayback starts, the

pl ayback device references the cell playback sequence described by the

program chai n Pget 16, aiedHifer Y BelRBaPllecdNqid) streams contaidéde
"cells" referenced here may be all or part of the systemstream and are

used as access }mi tthe dwﬂ'eag e ast va@d,| theanuntbarefof esdle-pietthrésy and
exanple, as the "chapters” into which a title may be divided. Note that
each of the PGCthef svideo diitdiet rseds VIS lodaﬂﬂowﬂ(Shnn&961&ﬁﬂﬂﬁﬁﬁﬂ4
pl ayback processing information
The VTSPGC information table VTS_PGCIT records 1
. 5 (where i is a natural number) program chaln (PGC) data
~ blocks VTS PGCI #1 - VTS PGCI #i for controlling the
playback sequence. Each of the table entries VIS_PGCI #i
is a data entry expressing the program chain, and comprises
j (where j is a natural numberf cell playback information
10  blocks C_PBI #1 - C_PBI #j. Each cell playback_information
block C_PBI #j contains the playback sequence of the cell
and playback control information.
| The program chain PGC is a conceptual structure
describing the story of the title content, and therefore
\~ 15 = defines the structure of each title by describing the cell
playback sequence. Note that these cells are described in
detail below.
If, for example, the video title set information
relates to the menus, the video titie set information VTSI
20 is stored to a buffer in the playback device when playback
starts. If the user then presses a MENU button on a remote
control device, for example, during playback, the playback
device references the buffer to fetch the menu information

and display the top menu #1. If the menus are

25 hierarchical, the main menu stored as program chain
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pl ayback processing information conprises the processing information needed
to reproduce the cell, such as the presentation tine and nunber of
repetitions. More specifically, this information 5 i ncl udes the cel

bl ock node CBM cell block type CBT, seanl ess playback flag SPF,

I nterl eaved allocation flag | AF, STC resetting flag STCDF, cell -
presentation time CPBTM seanl ess angl e change flag SACF, first cell VOBU
start address CFVOBUSA, and the last cell VOBU start 10 address C LVOBU
SA. Note that seamn ess playback refers t.osthe reproduction i n BCTIIB96/02806
vi deo di sk system of multinedia data including video, audio, and
sub-picture data without intermttent breaks in the data or infornmation.
Seam ess 15 pl ayback is described in detail in another section bel ow
with reference to Fig. 23 and Fig. 24. The cell block node CBM i ndi cates
whet her plural cells constitute one functional block. The cell playback

‘information of §aGR Galdidr virs Waktd %al%ag) YK d = WHEd e example, by

consecutively in the PG information. Thé cell bl'ock node CBM of the first
cel | playback i phgEinigdrtnd) MENT HAMETC D HEINFS he #Rney ofothesponat

cell in the block, and the cell block node CBM of the last cell playback
information in t sSummiecacEsidudinm wHeawiertixe keigpadedh thet hemBte
bl ock. The cell block node CBM of each cell arrayed :
control, and VTS_PGCI #10 and higher may correspond to
5 additional submenus further down the hieraréhy.

\Vﬂ/ Alternétively, VTS _PGCI #1 may be the top menu displayed by
pressing the MENU button, while VTS _PGCI #2 and higher may
be voice guidance reproduced by pressing the corresponding
numeric key.n

10 The menus themselves are expressed by the plﬁral
program chains defined in this table. As a result, the
menus may be freely constructed in various ways, and shall
not be limited to hierarchical or non-hierarchical menus or
menus containing voice éuidance.

15 In the case of a movie, for example, the video

" title set information VTSI is stored to a buffer in the
playback device when playback starts, the playback device
references the cell playback sequence described by the
program chain PGC, and reproduces the system stream.

20 ' The "cells" referenced here may be all or part of

~ the system stream, and are used as access points_during
playback. Cells can therefore.be used, for example, as the
"chapters" into which a title may be divided.

Note that eaéh of the PGC information entries

25 C_PBI #j contain both cell playback processing information
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contains a value indicating that the cell is a cell between these first and
| ast cells in that block. The cell block type CBT identifies the type of 5
the bl ock indicated by the cell block node CBM For exanple, when a
multiple angle function is enabled, the cell information corresponding to
each of the reproducible angles is programed as one of the functional

bl ocks nenti oned above, and the type of these functional blocks is 10
defined by a value identifying "angle" in the cell block type CBT for each
cell in that block. The seanl ess pl aybacksg&d ag SPF sinply i ndiRCH/EROGOZRAGer
the corresponding cell is to be |inked and pl ayed-back seam essly with the
cell or cell block reproduced 15 i medi ately therebefore. To

seanl essly reproduce a given cell with the preceding cell or cell block,

t he seanl ess playback flag SPF is set to 1 in the cell playback information
for that cell; otherwise SPF is set to 0. The interleaved allocation flag

| AF stores a 20ana avabli® ifdeBrimb¥iba washber trhe eelll @liadivadk) processing
contiguous or ‘interleaved block. If the cell is part of an interleaved

bl ock, the flagihfbrimatioh tomprisebethiespriocessinet infoimafiorSTeeded to

resetting flag STCDF identifies whether 25 the systemtine clock STC

used for synchroepretduce thet cedl, such as the presentation time and
number of repetitions. More specifically, this infofmation

5 - includes the cell ﬁlock mode CBM, cell block type CBT,
seanmless playback flag SPF, interleaved allocation flag
IAF, STC resetting flag STCDF, cell presentation time
C_PBTM, seamless angle change flag SACF, first cell VOBU
start address C_FVOBU_SA, and the last cell VOBU start

10 address C_LVOBU_SA.

Note that seamless playback refers to the

reproduétion in a digital video disk system of multimedia
‘data including video, audio, and sub-picture data without
intermittent breaks in the data or information. Seamless

N> 15 playback is described in detail in another section below

with reference to Fig. 23 and Fig. 24.

The cell block mode CBM indicates whether plura;
cells constitute one functional block. The cell playback
information of each cell in a functional block is arranged

20 consecutively in the PGC information. The cell block mode
CBM of the first cell playback information in this sequence
contains the value of the first cell in the block, and the
cell block mode CBM of the last cell playback information

in this sequence contains the value of the last cell in the

25 block. The cell block mode CBM of each cell arrayed
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when resetting the systemtinme clock STC is necessary, the STC resetting
flag STCDF is set to 1. The sean ess angl e change flag SACF stores a 5

val ue indicating whether a cell in a nulti-angle period should be connected
seanl essly at an angle change. If the angle change is seanl ess, the

seanl ess angle change flag SACF is set to 1; otherwise it is set to 0. The
cell presentation tinme CPBTM expresses the 10 cell presentation tine
with video frane precision. The first cell VOBU start address CFVOBUSA is
the VOBU start address of the first cell_fgm_-a block, and is alpOTAPP6ER866
as the distance fromthe |ogic sector of the first. cell in the VIStitle
VOBS (VTSTTVOBS) as neasured 15 by the nunber of sectors. The |ast cel
VOBU start address C LVOBU SA is the VOBU start address of the last cell in
the bl ock. The value of this address is expressed as the distance fromthe
| ogi c sector of the first cell in the VIStitle VOBS 20 (VTSTTVOBS) as

measured by the aihtin PhaRf oSt Hifa bt iéédﬁé/%%ﬁm /Pluel - €.,

the nultimedia systemstreamdata, is described next. The system stream
data VISTTVOBS qeidildating thdierthd délp fRtdircd 1 NWeisFders g Stipetbans,

each of which is 25 referred to as a "video object” (VOB). Each video
obj ect last cells in that block. '

The cell block type CBT identifies the typé of

5 the block indicated by the cell block mode CBM. For
example, when a multiple angle function is enabled, the
cell information corresponding to each of the reproducible
angles is programmed as one of the functional blocks
mentioned above, and the type of these functional blocks is

10 defined by a value identifying "angle" in the cell block
type CBT for each cell in that block.

The seamless playback flag SPF simply indicates
whether. the corresponding cell is to be linked and played
back seamlessly with the cell or cell block reproduced

15 immediately therebefore. To seamlessly reproduce a given
cell with the preceding cell or cell block, the seamless
playback flag SPF is set to 1 in the cell playback
information for that cell; otherwise SPF is set to O.

The interleaved allocation flag IAF stores a

20 value identifying whether the cell exists in a contiguous
or interleaved block. If the cell is part of an
interleaved block, the flag IAF is set to 1; otherwise it
is set to 0.

The STC resetting flag STCDF identifies whether

25 the system time clock STC used for synchronization must be

-
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vi deo data block interleaved with up to a maxi num ei ght audi o data bl ocks
and up to a nmaxi mrum 32 sub-picture data bl ocks. Each vi deo object VOB
conprises q (where qis a 5 natural nunber) cells C#l - C#g. Each cel
C conprises r (where r is a natural nunber) video object units VOBU #1 -
VOBU #r. Each video object unit VOBU conprises plural group_of pictures
GOP, and the audi o and sub-pictures 10 correspondi ng to the playback of
said plural group ofpictures GOP. Note that the group_of pictures GOP
corresponds to the video encoding refresiggcycl e. Each vi deo opayIPos/2806
VOBU also starts with an NV pack, i.e., the control data for that VOBU. 15
The structure of the navigation packs NV is described with reference to
Fig. 18. Before describing the navigation pack NV, the internal structure
of the video zone VZ (see Fig. 22), i.e., the system stream St35 encoded by
t he aut horing 20 encoder EC described with reference to Fig. 25, is

described with sis afténtendi 8e117is p14PEE bhak;! RefinpedaEt ngeehe! r eam
St 15 shown in Fig. 17 is the conpressed one-di nensional video data stream

encoded by the siysissm etthaslet186R. sTOeignnadedsandi other sam pedLtitindd flag
| t kewi se the conpressed one-di nensional audio data stream:-
STCDF is set to 1. :
The seamless angle change flag SACF stores'a
5 value indicating whether a cell in a multi-;ngle period
should be connected seamlessly at an angle change. If the
angle change is seamless, the seamless angle change flag
SACF is set to 1; otherwise it is set to 0.
The cell presentation time C_PBTM expresses the
10 cell presentation time with video frame precision.

The first cell VOBU start address C_FVOBU_SA is
the VOBU start address of the first cell in a block, and is
also expressed as the diétance from the logic sector of the
first cell in the VTS title VOBS (VISTT_VOBS) as measured

s 15 by the number of sectors.-

The last cell VOBU start address C_LVOBU_SA is
the VOBU start address of the last cell in the block. The
value of this address is expressed as the distance from the
logic sector of the first cell in the VTS title VOBS

20 (VTSTT_VOBS).as measured by the number of sectors.

The VTS title VOBS (VTSTT VOBS), i.e., the
multimedia system stream data, is described next. The
system stream data VTSTT_VOBS comprises i (where i is a
natural number) system streams SS, each of which is

25 ' referred to as a "video object" (VOB). Each video object



-62 - PCT/ JP96/ 02806 mul ti plexing the right and left stereo
audi o channel s encoded by the audi o encoder 700. Note that the audi o signal
shall not be limted to a stereo signal, and nay al so be a multichannel
surround-sound signal. 5 The system stream (title editing
unit VOB) St35 is a one dinensional array of packs with a byte size
corresponding to the logic sectors LS #n having a 2048-byte capacity as
described using Fig. 21. A streamcontrol pack is placed at the begi nning
of ‘the title editing unit (VOB) 10 St35, i.e., at the beginning of the
vi deo object unit VOBU. This stream contrgyl - pack is called theCTRdaoe2306n
pack NV', and records the data arrangenent in the-system stream and ot her
control information. The encoded video stream St15 and the encoded 15

audi o stream St19 are packetized in byte units corresponding to the system
stream packs. These packets are shown in Fig. 17 as packets V1, V2, V3,
V4... and Al, A2, A3.... As shown in Fig. 17, these packets are interleaved

in the appropri gqueges 33 SYRpPTsek 88MEBst onel Idddatiad¥idkk a
packet stream 3??h§considergtion given to ?Ee gecgger buffer size and the

time required byntheida¢edeiritd apP&odal hExindao edgtitaadidd dalatapdladles | n
the exanple shown in Fig. 17, the packet streamis interleaved in the
sequence V1, VZandl npVip ¥4makimum 32 sub3picture data blocksRCT/ JP96/ 02806
Each video object VOB comprises ¢ (where q'is a
- 5 natural number) cells C#1 -~ C#q. Each cellhc comprises r
(where r is a natural number) video object units VOBU #1 -
VOBU #r. |
Each video object unit VOBU comprises plural
group of pictures GOP, ahd the audio and sub-pictures
10 corresponding to the playback of said plural
group_of_ pictures GOP. Note that the group_of pictures GOP -
corresponds to the video encoding refresh cycle. Each
video object unit VOBU also starts with an NV pack, i.e.,
the control data for that VOBU.
Q,J 15 Thé structure of the navigation packs NV is
described with reference to Fig. 18. \
Before describing the navigation pack NV, the
internal structure of the video zone VZ (see Fig. 22),
i.e., the system stream St35 encodedlby the authoring
20 encoder EC described with reference to Fig. 25, is
described with reference to Fig. 17. ‘Note that the
encoded video stream St15 shown in Fig. 17 is the
compressed one-dimensional video data stream encoded by the

video encoder 300. The encoded audio stream St19 is

25 likewise the compressed one-dimensional audio data stream



Not e that the sequence shown in Fig. 17 interl eaves one video data unit
with one audio data unit. Significantly increased recording/playback
capacity, high speed recording/pl ayback, and perfornance i nprovenents in 5
t he signal processing LSI enable the DVD systemto record plural audio data
and plural sub-picture data (graphics data) to one video data unit in a
single interl eaved MPEG system stream and thereby enable the user to

sel ect the specific audio data and sub-picture data to be reproduced 10
during playback. The structure of the systemstreamused in this type of
DVD systemis shown in Fig. 18 and desc_'ré';%)]gd bel ow. As in Fi eCL/IP96/02806
packeti zed encoded video stream St15 is shown in-Fig. 18 as V1, V2, V3, V4,
... In 15 this exanple, however, there is not just one encoded audio
stream St 19, but three encoded audio streans St 19A, St19B, and St 19C i nput
as the source data. There are also two encoded sub-picture streans St17A
and St17B i nput as the source data sub-picture streans. These si X

d dat . i t tgé%ﬁ_, t LG St 178,
g;)rerpir ﬁerGI ea%%@&:&)]ﬁﬁd{i%@%g}gﬁ rageﬁln%%%‘g. ee?/Si deo %%%gli/ﬁ;é]e]ﬁcoded
accor ding to the NPEQ AP GAIAN dddudherdls Ounidta pixatr sme GBaboi ng

al,

the unit of conpression.” I n gener each group of pictures GOP 25
contains 15 frafmd K1 Lasee We aNi MRS SE@NR| stdbéotdbgnal; sud-may

PCT/ JP96/ 02806
also be a multichannel surround-sound signa%.

) The system stream (title editing unit VOB) St35
.is a one dimensional array of packs with a byte size
corresponding to the logic sectors LS #n having'a 2048-byte
capacity as described using Fig. 21. A stream control pack
is placed at the beginning of the title editing unit (VOB)

10 st35, i.e., at the beginning of the video object unit VOBU.

| This stream control pack is called ﬁhe "navigation pack
NV", and records the data arrangement in the system stream
and other control information.
The encodéd video stream Stl15 and the encoded

' 15 audio stream Stl19 afe packetized in byte units

| corresponding to the system stream packs. These packets

are shown in Fig. 17 as packets Vl; v2, V3, V4... and Al,
A2, A3.... As shown in Fig. 17, these packets are
interleaved in the appropriate sequence as system stream

20 St35, thus forming a packet stream, with consideration
inen to the decoder buffer size and the time required by
the decoder to expand the video and audio data packets. 1In
' the example shown in Fig. 17, the packet stream is

interleaved in the sequence V1, V2, Al, V3, V4, A2....



speci fic nunber of frames conpressed to one GOP is variable. The stream
managenment pack, which describes the nanagenent data containing, for
exanple, the relationship between interleaved data, is also interl eaved at
the GOP 5 unit interval. Because the group of pictures GOP unit is
based.on the video data; changing the nunber of video frames per GOP unit
changes the interval of the stream managenent packs. This interval is
expressed in terns of the presentation tine on the digital video disk
within a 10 range fromO0.4 sec. to 1.0 sec. referenced to the GOP unit.
|f the presentation tinme of contiguous pl63ral GOP units is | ePETVIRAE/Q2806
sec., the managenent data packs for the video data of the plural GOP units
is interleaved to a single stream 15 These nanagenent data
packs are referred to as navigation packs NV in the digital video disk
system The data from one navigation pack NV to the packet inmediately
precedi ng the next navigation pack NV fornms one video object unit VOBU. In
general, one contiguous pNaygeathatinthe?Bequehbet shawnbénd&figred7as one
scene is called a video object VOB, and each video object VOB contains

pl ural video ob}nmerhaavgsVQﬂklvtdea dets uhipl wikh ehdesudipedatavopiftor m
a VOB set (\KIB% Note that these data units were first used in the digita
vi deo di sk. %nlficantly 1ncreaseﬂcrﬁgpyéﬁoggpéaméﬁkpFepapl&ﬁl:t hdgh

data streans are
speed recording/playback, and performance improvements in

.. 5 the signal processing LSI enable the DVD system to record
| plural audio data and plural sub-picture data (graphics
data) to one video data unit in a single interleaved MPEG
system stream, and thereby enable the user to select the
specific audio data and sub-picture data to be reproduced
10 during playback. The structure of the system stream used
in this type of DVD system is shown in Fig. 18 and
described below. |
As in Fig. 17, the packetized encoded video
stream St15 is shown in Fig. 18 as Vi, v2, V3, V4, ... In
" 15 this example, however, there is not just one encoded audio
stream St19, but three encoded audio streams Sti19A, St19B,
and St19C input as the source data. There are also two
encoded sub—picturé streams St17A and Stl1l7B input as the
source data sub-picture streams. These six compressed data
20 streams, St15, St19A, St19B, St19C, Stl17A and St17B, are
interleaved to a single system stream St35.
The video data is encoded according to the MPEG
specification with the group_of pictures GOP being the unit
of compréssion. In general, each group_of pictures GOP

25 contains 15 frames in the case of an NTSC signal, but the



i nterl eaved, the navigation packs NV defining the relationship between the
I nterl eaved packs nust also be interleaved at a defined unit known as the
pack nunber 5 unit. Each group_of pictures GOP is nornmally a unit
contai ning approximately 0. 5 sec. of video data, which is equivalent to
the presentation tinme required for 12 - 15 frames, and one navigati on pack
NV is generally interleaved wth the nunber of data packets required for
this 10 presentation time. The stream managenent infornmation contained
in the interl eaved video, audio, and sub-picture data packets constituting
the systemstreamis described bel ow wi tIggreference to Fig. 1pOATIEIEOZRO6N
Fig. 19, the data 15 contained in the systemstreamis recorded in a
format packed or packetized according to the MPEQ standard. The packet
structure is essentially the same for video, audio, and sub-picture data.
One pack in the digital video disk systemhas a 2048 byte capacity as
descri bed above, and 20 contai ns a pack header PKH and one packet PES;

each packet PES.6001A10manBagksE BRafist BIHppadsdal 8obbAsk cophaack

header PKH recor tinme Isto e sent from stream

buf fer 2400 to gysigmdecogge géggaﬁsﬁﬁngbﬂmeﬁﬁ) patk§. whibd Sesivddahe’d

reference SCR defining the reference tine for synchroni zed -66 -

PCT/ JP96/ 02806 mahgeényalatat aoptayhasnly, foe WREMpIeanthed redutriematiiiyg

between intérleaved data; is also interleavgd at the GOP
5 unit interval. Because the group of_pictures GOP unit is
based on the video data, changing.the number of video
frames per GOP unit changes the interval of the stream
management packs. This interval is expressed in terms of
the presentatlon time on the dlgltal video disk within a

10 range from 0.4 sec. to 1.0 sec. referenced to the GOP
unit. If the presentation time of contiguous plural GOP
units is less than 1 sec., the management data packs for
the video data of the plural GOP units is interleaved to a
single stream.

. 15 | These management data packs are referred to as
navigation packs NV in the digital video disk system. The
data from one navigation pack NV to the packgt immediately
‘preceding the next navigation pack NV forms one video |
object unit VOBU. 1In general, one contigﬁous playback unit

20 that can be defined as one scene is called a video object
VOB, and each video object VOB contains plural video object
units VOBU. Data sets of plural video objects VOB form a

VOB set (VOBS). Note that these data units were first used

in the digital video disk.



the systemclock reference SCRis the reference clock for the entire
decoder operation. Wth such disk nedia as the digital video disk, however,
ti me managenent specific to 5 i ndi vi dual disk players can be used, and
a reference clock for the decoder systemis therefore separately provided.
The packet header PTH simlarly contains a presentation tinme stanp PTS and
a decoding tine stanp DTS, both of which are placed in the packet before

t he access 10 unit (the decoding unit). The presentation time stanp PTS
defines the time at which the video data gor audi o data containe

packet should be output as the playback o@ﬁput after being decpcﬁrg)apgé@gw%e
decoding tine stanp DTS defines the tine at which 'the video stream shoul d
be 15 decoded. Note that the presentation tinme stanp PTS effectively
defines the display start timng of the access unit, and the decoding tine
stanp DTS effectively defines the decoding start t|n1ng of the access unit.
If the PTS and DTS are the sane tinme, the DISis omtted. 20

The packet header PTH al s¥hesnPauralaefa thiesef Gata NSNS RYStream | D

i dentifying the packet t i.e., whether the acket i s, a video packet
containing a vi d8& Vé@we&#@ Qaﬂﬂﬂﬁ§ﬂénp§@ﬁg; {hﬁo packet .

-67 - /,JP96/ 02806 .Pri vate acket under
standard are daF§16§&R&§ igy Rghwern e oy %ﬁﬁ? 3ék§3 %kﬁ?i%% be
interleaved at a defined unit known as the pack number
5 unit. Each group_of pictures GOP is normaliy a unit
g containing approximately 0. 5 sec. of video data, which
is equivalent to the presentation time regquired for 12 - 15
frames, and one navigation pack NV is generally interleaved
with the number of data packets required for this
iO presentation time.

The stream management information contained in
the interleaved video, audio, and sub-picture data packets
constitutihg the system stream is described below with
lreference to Fig. 19 As shown in Fig. 19, the data

15 contained in the system stream is recorded in a format
packed or packetized according to the MPEG2 standard. The
packet structure is essentially the same for video, audio,
and sub-picture data. One pack in the digital video disk
systeﬁ has a 2048 bee capacity'as described above, and

20 contains a pack header PKH and one packet PES; each packet
PES contains a packet header PTH and data block.

The pack header PKH records the time at which
that pack is to be sent from stream buffer 2400 to system
decoder 2500 (see Fig. 26), i.e., the éystem clock

25 ‘reference SCR defining the reference time for synchronized



Private packet 1 in this enbodiment of the invention is used to carry audio
data other than the MPEG audi o data, 5 and sub-picture data; private
packet 2 carries the PCl packet and DSI packet. Private packets 1 and 2
each conprise a packet header, private data area, and data area. The
private data area contains an 8-bit sub-stream|ID indicating whether the 10
recorded data is audi o data or sub-picture data. The audi o data defined by
private packet 2 may be defined as any of eight types #0 - #7 of |inear PCM
or AC-3 encoded data. Sub-picture data may be defined as one of up to 32

types #0 - #31. 15 The dat-sggrea is the field t POITAPY6/02806
conpressed according to the MPEQR specification is witten if the stored
data is video data; |linear PCM AC- 3, or MPEG encoded data is witten if
audi o data is stored; or graphics data conpressed by runlength coding is
witten if 20 sub-picture data is stored. MPERX-conpressed video data
may be conpressed by constant bit rate (CBR) or variable bit rate (VBR)

coding. Wth coagtabtviishaladataoglagbalchs ViT#eo MEEE &fdrfiddrP Wssumes that
continuously to the-video buffer at a constant rate. This 25 contrasts

wi th variabl e bther ayetemdiclgckn relfierenicec SORld@ the GRference clock for
PCT/ JP96/ 02806 streamis input intermttently to the video buffer, thereby
maki ng it possi bhe entdygpdesodetre operatdonen #fith such disk media as the

digital video disk, however, time management spec1f1c to
5  individual disk players can be used, and a reference clock
| for the decoder system is therefore separately provided.
The packet header PTH similarly contains a
presentation time stamp PTS and a decoding time stamp DTS,
both of which are placed in the packet before the access
10 - unit (the decoding unit). The presentation time stamp PTS
defines the time at which the video data or audio data
contained in the packet should be output as the playback
output after being decoded, and the decoding time stamp DTS
defines the time at.which the video stream should be
s 15 decoded. Note that the presentation time.stamp PTS
effectively defines the display start timing of the access
unit, and the decoding time stamp DTS effectively defines
the decoding start timing of the access unit. If the PTS
and DTS are the same time, the DTS is omitted.
20 | Tﬁe packet header PTH also contains an 8-bit
field called the stream ID identifying the packet type,
i.e., whether the packet is a video packet containing a
video data stream, a private packet, or an MPEG audio

packet.



unnecessary code. Both constant bit rate and variable bit rate coding can
be used in the digital video disk system 5 Because MPEG
video data is conpressed with variable |length coding, the data quantity in
each group_of pictures GOP is not constant. The video and audi o decodi ng
times also differ, and the time-base rel ationship between the video and
audi o data read from an optical disk, 10 and the tine-base relationship
bet ween the video and audi o data output fromthe decoder, do not match. The
met hod of time-base synchronizing the video and audio data is therefore
described in detail below with reference o Fig. 26, but is dBEIVIRNH2806
briefly bel ow based on constant bit 15 rate codi ng. The navi gati on pack
NV structure is shown in Fig. 20. Each navigation pack NV starts with a
pack header PKH, and contains a PCl packet and DSI packet. As descri bed
above, the pack header PKH records 20 the tine at which that pack is to
be sent fromstream buffer 2400 to system decoder 2500 (see Fig. 26 ),

i.e., the system cl ock repeieate Ha&Bkde&i nhdgrt bher MPBGR2nstandawrdf are data
synchroni zed audi o-vi sual data pl ayback. -69 -

PCT/ JP96/ 02806 iecihe®e] ofaghichctheaconteat canebel frakdyndefdnedrCl G ) and

Angl e Information for Non-seanl ess glayback NNBL AGLI% The PCl ,Gener al
| nf ormati on (F(yr;yaggcpgpggttﬁe1§| Bpgyembo iment of the invention 1is

used to carry audio data other than the MPEG audio data,.

-~ 5 - and sub-picture data; private packet 2 carries the PCI

g packet and DSI packet.

Private packets 1 and 2 each comprise a packet
header, private data area, and data area. The private data
area.contains an 8-bit sub-stream ID indicating whether the

10 recorded data is audio data or sub-picture data. The audio
data defined by private packet 2 may be defined as any of
eight types #0 - #7 of linear PCM or AC-3 encodee data.
Sub—picture data may be defined as one of up to 32 types #0
- #31.

15 The data area is the field to which data
compressed according to the MPEG2 specification is written
if the stored data is video data; linear PCM, AC-3, or MPEG
encoded data is written if audio data is stored; or
graphics data compressed by runlength coding is written if

QO sub-picture data is stored.

MPEGZvcompressed video data may be compressed by

_ constant bit rate (CBR) or variable bit rate (VBR) coding.
With constant bit rate coding, the video stream is input
continﬁously tolthe video buffer at a constant rate. This

25 contrasts with variable bit rate coding in which the video



5 time of the first video frame (the Start PTM of VOBU (VOBU_S PTM),
and the display tine of the |ast video frame (End PTM of VOBU
(VOBU E PTM ), in the corresponding video object unit VOBU with system

cl ock precision (90 KHz). The Angle Information for Non-seam ess pl ayback
10 (NMSLAGLI) states the read start address of the correspondi ng video
obj ect unit VOBU when the angle is. changed expressed as the nunber of
sectors fromthe begi nning of the video object VOB. Because there are nine
or fewer angles in this exanple, there are nine angle 15 addr ess

decl aration cells: Destination Address of68ngle Cell #1 for NOCHEIBI/E2E06
pl ayback (NVBLAG._C1_DSTA) to Destination Address-of Angle Cell #9 for-
Non- seam ess pl ayback (NVSL_AG._C9 DSTA). Each DSI packet contains DS
General Information 20 (DSId), Seam ess Playback Information (SM.PBI),
and Angle Information for Seam ess playback (SMLAG.I). The DSI Cener al
Information (DSI _G) declares the address of the last pack in the video
obj ect unit VOBskréameis fhpuEndniddmitsehtlyVEB (YEBuifeo dufifeasedlearalne

-70 - PCT/ JP96/ 02806 nunber of sectors from the beginning
of the video obpakingnit pOBEiblki te suppiress heygeperiadie®s@f bed in
detail later, it should be noted that the continuoqusly read data 5

units nust be iwnBeressayy(Refeipl Besh) constpatspitepate and variable bit

rate coding can be used in the digital video disk syétem.
5 Because MPEG video data is compreésed with
\ " wvariable length coding, the data Quantity in each
group_pf_pictufes GOP is not constant. The video and audio
decoding times also differ, and the time-base relationship
between the video and audio data read from an qptical disk,
10 and the time-base relationship between the video and audio
data output from the decoder, do not match. The method of
, time-base synchronizing the video and audio data is
| therefore described in detail below with reference to Fig.
26, but is described briefly below based on constant bit
15 rate coding.
The navigation pack NV structure is shown in Fig.
20. Each navigation pack NV starts with a pack header PKH,
and contains a PCI packet and DSI packet.
As described above, the pack header PKH records
20 the time at which that pack is to be sent from stream
buffer 2400 to system decoder 2500 (see Fig. 26 ), i.e.,
the system clock reference SCR defining the reference time

for synchronized audio-visual data playback.



streamlevel as an interleaved unit ILVU in order to seanl essly reproduce
split or conbined titles. Plural systemstreans interleaved wth the
interleaved unit I1LVU as the smallest unit are defined as an interl eaved

bl ock. 10 The Seamnl ess Pl ayback Information (SMLPBI) is
declared to seam essly reproduce the streaminterleaved with the
interleaved unit ILVU as the smallest data unit, and contains an
Interleaved Unit Flag (ILVU flag) identifying whether the correspondi ng

vi deo object unit 15 VOBU is an interleaved block. The ILVU flag

i ndi cates whether the video object unit M@BU is in an interl eREHIPYGOR806
and is set to 1 when it is. Oherwise the ILVU flag is set to 0. Wen a

vi deo object unit VOBU is in an 20 interl eaved block, a Unit END fl ag
is declared to indicate whether the video object unit VOBU is the |ast VOBU
in the interleaved unit ILVU Because the interleaved unit ILVUis the data
unit for continuous reading, the Unit END flag is set to 1 if the VOBU

currently being read is tBacha®cI packkt contains PCI Gend¥all Jidfd¥iRddbon
VOBU in the interleaved unit ILVU. OQherwise the Unit END flag is set to O.

An Interleaved pct BIJ Addr angyle TWifdrivatidentfidyy iNuh-iseantsbse gslafbadle
| ast pack in the IILVU to 5 whi ch t he VOBU bel ongs, and the starting
address of the fMSL AGEd)eaved unit |ILVU Next Interleaved Unit Start
The PCI General Information (PCI_GI) declares the display
5 time of the first video frame (the Start PTﬁ of VOBU
(VOBU_S_PTM)), and the display time of the last video frame
(End PTM of VOBU (VOBU _E PTM)), in the corresponding video
object unit VOBU with system clock precision (90 KHz)." .
The Angle Information for Non-seamless playback
10 (NMSL_AGLI) states the read start address of the
corresponding video object unit VOBU when the angle is
changed expressed‘ﬁs the number of sectors from the
'beginning of the video-object VOB. Because there are nine
or fewer angles in this example, there are nine angle
A 15 address declaration cells: Destination Address of Angle
Cell #1 for Non-seamless playback (NMSL_AGL_Cl_DSTA) to
Destination Address of Angle Cell #9 for Non-seamless
playback (NMSL AGL_C9 DSTA).
Each DSI packet contains DSI General Information
20 (DSI_GI), Seamless Playback Information (SML_PBI), and
Angle_Information for Seamless playback (SML_AGLI).
The DSI General Information (DSI_GI) declares the

address of the last pack in the video object unit VOBU, 1i.

e., the End Address for VOB (VOBU_EA), expressed as the



Address (NTILVUSA), are also declared when a video object unit VOBUIis in
an interl eaved block. Both the Interleaved Unit End Address (ILVUEA) and
Next Interleaved Unit Start 10 Address (NTILVUSA) are expressed as the
nunber of sectors fromthe navigation pack NV of that VOBU. Wen tw system
streans are seafm essly connected but the audi o conponents of the two system
streans are not contiguous, particularly imedi ately before and after the
15 seam it is necessary to pause the audio output to synchronize the
audi o and vi deo conponents of the systemstreamfollowing the seam Note

t hat non-conti guous audi o may result fron7@i-fferent audi o si gnBCIT/IPO6/HIB06
recording with the correspondi ng video bl ocks. Wth an NTSC signal, 20

for exanple, the video frane cycle is approxinmately 33. 33 nsec while the
AC-3 audio frane cycle is 32 nmsec. To enable this resynchronization, audio
reproduction stopping tines 1 and 2, i.e., Audio Stop PTM1 in VOB

(VOB_A STP PTML), and Audio Stop PTM2 in VOB 25 (VOB_A STP_PTMR),

i ndi cating the tnumbext ofhisdctdis dirbmw tlse begiithing of the video object
PCT/ JP96/ 02806 to be paused; and audi o reproduction stopping periods 1 and
2, i.e., Audio @GP &Rt 1 in VOB (VOB A GAP LEN1) and Audio Gap Length 2
in VOB (VOB_A_GAP_LEN2), |nd|cat|ng for how long the audio is to be aused
are also declared in 5 Whike lﬁﬁaﬁkﬁﬁﬁﬂplaYkﬂ tiatdeseribed nin de

specified at th sten1c| ci si on
P 35¥@r, éhoul e noteé that ghe contlnuously read data

5 units must be interleaved (multiplexed) at the system
stream level as an interleaved unit ILVU in order.to
seemlessly reproduce split or combined titles. Plural
system streams interleaved with the interleaved unit ILVU
as the smallest unit are defined as an interleaved block.

10 . The Seamless Playback Information (SML PBI) is
'declared to'seamlessly repreduce the stream interleaved
with the interleaved unit ILVU ae the smallest data unit,
and contains an Interleaved Unit Flag (ILVU flag)
identifying whether the corresponding video object unit

\4;, 15 | VOBU is an interleaved block. The ILVU flag indicates
whether the video object unit VOBU is in an interieaved
block, and is set to 1 when it is. Otherwise the ILVU flag
is set to 0.

When a video object unit VOBU is in an

20 interleaved block, a Unit END flag is declared to indicate
whether the video object unit VOBU is the last VOBU in the
interleaved unit ILVU. Because the interleaved unit ILVU
is the data unit for continuous reading, the Unit END flag

is set to 1 if the VOBU currently being read is the last



The Angle Information for Seam ess playback (SMLAG.I) declares the read
start address when the angle is changed. Note that this field is valid when
seant ess, 10 mul ti-angle control is enabled. This address is also
expressed as the nunber of sectors fromthe navigation pack NV of that
VOBU. Because there are nine or fewer angles, there are nine angle address
declaration cells: Destination Address of Angle Cell #1 for Seanl ess

pl ayback 15 (SML_AGL_Cl1 DSTA) to Destination Address of Angle Cell #9
for Seam ess pl ayback (SM._AGL_C9 _DSTA). Note also that each title is

edited in video object (VOB) units. InterTkaved video object s RGHIBY6/828Qa
title editing units) are referenced as "VOBS'; and the 20 encoded range
of the source data is the encoding unit. DVD encoder A preferred enbodi nent
of a digital video disk system authoring encoder ECD in which the

mul ti media bitstream authoring system according to the present 25
I nvention is applied to a digital video disk systemis -73 -

PCT/ JP96/ 02806 ¢esor ihednkeliayeal@dasie@vnirt AIgyuUu.25.0tHerwilde Heheolin i SEND
that the authoring encoder ECD applied to the digital video disk system
referred to bel glvagsis BeR e&ocaoder, is substantially identical to the

aut hori ng encoder EC shown 5 in Fig. 2. The basic difference between -
t hese encoders is the repIAacéTmrhethelﬁeM dEnsb dddnsss oﬁ‘nt‘ﬁe_%)deo zone

identifying the address of the last pack in the ILVU to
5 which the VOBU belongs, and the starting adéress of the
next interleaved unit ILVU, Next Interleaved Unit Start
Address (NT_ILVU SA), are also declared when a video object
unit VOBU is in an interleaved block. Both the Interleaved
Unit End Address (ILVU EA) and Next Interleaved Unit Start
10 Address (NT ILVU_SA) are expressed as the number of sectors
from the navigaﬁion pack NV of that VOBU.
. When two system streams are seamlessly connected
but the audio components of the two system streams are not
contiguous, particularly immediately before and after the.
I seam, it is necessary to pause the audio output to
synchronize the audio and video components of the system
stream following the seam. Note that non-contiguous audio
may result from different audio signals being recording
with the correspending video blocks. With an NTSC signal,
20 for example, the video frame.cycle is approximately 33. 33
msec while the AC-3 audio frame cycle is 32 msec.
To enable this resynchronization, audio
'reproduction stopping times 1 and 2, i.e., Audio Stop PTM 1
in VOB (VOB _A_ STP PTM1), and Audio Stop PTM2 in VOB

25 (VOB_A STP_PTM2), indicating the time at which the audio is



formatter 1300 -of the authoring encoder EC above with a VOB buffer 1000 and
formatter 1100. It wll also be obvious that the bitstream encoded by this
DVD encoder ECD is 10 recorded to a digital video disk nediumM The
operation of this DVD encoder ECD is therefore described below in

conpari son with the authoring encoder EC descri bed above. As in the above
aut hori ng encoder EC, the encoding systemcontroller 200 generates control
signals 15 St9, Stl1l1, St13, St21, St23, St25, St33, and St 39 based on
the scenario data St7 describing the user-defined editing instructions

i nput fromthe scenario editor 100, and-G@mrols the video enPEIFIPHEFRB06
sub- pi cture encoder 500, and audi o encoder 700 in the DVD encoder ECD. Note
that 20 the user-defined editing instructions in the DVD encoder ECD
are a superset of the-editing instructions of the authoring encoder EC
descri bed above. Specifically, the user-defined editing instructions
(scenario data St7) in the DVD encoder ECD 25 - simlarly describe what

source data is gelpstpsuseam ahll audio réproduction stopping PELiHAES5/10 26116
a subset of the source data containing plural titles within a defined tine

peri od, and howe} hk.ee| eatddosGapciedgth iLsine¥oBer(WOBdAt 6APe BENI)c@ncdhe
scenario (sequence) intended by the user. The scenario data St7 of the DVD
encoder ECD, 5 AudipoGepelkengitht Rednc¥ABai(NOBsAcRAPNLSNLi dmddeating for

nunber of streans contained in _the editing units, which are .
. how long the audio is to be paused, are also declared in

5 the DSI packet. ' Note that these times are épecified at the
% system clock precision (90 kHz). .

The Angle Information for Seamless piaybgck
(SML_AGLI) declares the read start address when the angle
is changed. Note that this field is valid when seamless,

10 multi-angle control is enabled. This address is also
expressed as the number of sectors from the navigation pack
NV of that VOBU. Because there are nine or fewer angles,
there are nine angle address declaration cells: Deétination
Address of Angle Cell #1 for Seamless playback

15 (SML_AGL C1_DSTA) to Destination Address of Angle Cell #9
for Seamless playback (SML_AGL_C9_ DSTA).

Note also that each title is edited in video
object (VOB) units. Interleaved video objects (interleaved
title editing units) are referenced as "VOBS"; and the

20 encoded range of the source data is the encoding unit.
.DVD encoder _

A preferred embodiment of a digital video disk
system authoring encoder ECD in which the multimedia
bitstream authoring system according to the present

25 ' invention is applied to a digital video disk system is



obtained by splitting a nulti-title source streaminto bl ocks at a constant
time interval; the nunber of audio and sub-picture data cells contained in
each stream and the 10 sub-picture display tinme and period; whether the
titleis anmulti-rated title enabling parental |ock control; whether the
user content is selected fromplural streans including, for exanple,

mul tiple view ng angles; and the nethod of connecting scenes when the angle
is switched anong the 15 mul tiple viewi ng angles. The scenario data St7
of the DVD encoder ECD al so contains control information on a video object
VOB unit basis. This information is requiZ3ed to encode the medGI/EBRA/62806
stream and specifically includes such information 20 as whet her there
are multiple angles or parental control features. When multiple angle
viewi ng is enabled, the scenario data St7 also contains the encoding bit
rate of each stream considering data interleaving and the disk capacity,
the start and end tinmes of each control, and -75 -

PCT/ JP96/ 02806 dketirdbed bedoweandcshownt ionFigoul2d .be Itaad 1dethee @by inus
precedi ng and follow ng streans. The encodi ng system controller 200 .
extracts this i shatngheoautheminge encoderi ECPapprdird &ed thendigtidal Heldpo
encodi ng i nformation table and encodi ng gﬁégneters requi red for encodi ng

control . The enBd&Kn§YShedrn&ketstreshte o¥né&ditn &

described with Lol etentea19y 'i%ntical to the authoring encoder EC shown

5 in Fig. 2. The basic difference between thése encoders is
o the replacement in the DVD encoder ECD of the video zone
formatter 1300 of the authoring encoder EC above with a VOB -
buffer 1000 and formatter 1100. It will also be obvious
that the bitstream encoded by this DVD encoder ECD is
10 recorded to a digitai video disk medium M. The operation
of this DVD encoder ECD is therefore described below in
comparison with the authoring encoder EC described above.
As in the above authoring encoder EC, the
encoding system controller 200 generates control signals
15 st9, stil, sti3, st21, St23, St25, St33, and St39 based on
the scenario data St7 describing the user-defined editing
instructions input from the scenario editor 100, and
controls the video encoder 300, sub-picture encoder 500,
and audio encoder 700 in the DVD encoder ECD. Note that
20 the user—defiﬁed editing instructions in the DVD encoder
ECD are a superset of thé editing instructions of the
authoring encoder EC described abdve.'
Spécificaliy, the user-defined editing
instructions (scenario data St7) in the DVD encoder ECD

25 similarly describe what source data is selected from all or



27, 28, and 29 below. The stream encodi ng data St33 contains the system 10
stream encodi ng paraneters and system encoding start and end tim.ng val ues
required by the DVD systemto generate the VOBs. These system stream
encodi ng paraneters include the conditions for connecting one video object
VOB with those before and after, the nunber of audio streans, the 15
audi o encodi ng information and audi o Ids, the nunber of sub-pictures and
the sub-picture Ids, the video playback starting tinme information VPTS, and
t he audi o pl ayback starting tinme informati on APTS. The title sequence
control signal St39 supplies 20 the-rMl4i medi a bitstream PEI/TRAGIE2806ng
start and end timng information and formatting paraneters declaring the
reproduction control information and interleave information. Based on the
vi deo encodi ng paraneter and 25 encoding start/end timng signal St9,

t he video encoder 300 -76 - PCT/ JP96/ 02806 encodes a’
specific part of the video stream St1l to generate an el enentary stream

conformng to theshbEER ¥fdehessendaedddeni sedtaining pI8FAl Hiitdes within
el enentary streamis output to the video stream buffer 400 as encoded vi deo
stream St 15. 5 a defined timeNperibtHat andi hewt hhevisedectedodourd3g) data is
generates an el enmentary stream conformng to the MPEG Vi deo standard
defined i n | SO reassembjpedi tpcrencodnng theascenprigr d sequence) intended

by the user. The scenario data St7 of the DVD encodér ECD,

5 however, further contains such informétion ;s: the number
of streams contained in the editiﬁg units, which are
obtained by splitting a multi-title source stream into
blocks at a constant time interval; the number of audio and
sub-picture data cells contained in each stfeam, and the

10 sub-picture dispiay time and period; whether the title is a
multi-rated title enabling parental lock control; whether
the user content is selected from plural streams ingluding,'
for example, multiple viewing angles; and the method of
connecting scenes when the angle is switched among the

"~ 15 multiple viewing angles.

The scenario data St7 of the DVD encoder ECD also
contains control information on a video object VOB unit
basis. This information is required to encode the media
source stream, and specifically includes such information

20 as whether there ére multiple angles or parental control
features. When multiple angle viewing is enabled, the
scenario data Sf? also contains the encoding bit rate of
each stream considering data interleaving and the disk

capacity, the start and end times of each control, and



I nput via the video encoding paraneter signal St9, including the encoding
start and end tining, bit rate, the 10 encodi ng conditions for the
encodi ng start and end, .the material type, including whether the material
is an NTSC or PAL video signal or telecine converted nmaterial, and whet her
the encoding node is set for either open GOP or closed GOP encoding. 15
The MPE&2 coding nethod is basically an interframe coding nmethod using the

correl ation between franes for maxi mum signal conpression, i.e., the frame
bei.ng coded (the target frane) is coded by referencing franes before and/ or
after the target frame. However, 20 - W ra-coded frames, i PGL/IPIG/02806s

that are coded based solely on the content of the 'target frane are al so
inserted to avoid error propagation and enabl e accessibility from

m d- stream (random access). The coding unit containing at |east one

I ntra-coded frame 25 ("intra-frame") is called a groupof pi ctures GOP.

- 77 - PCT/ JP96/ 02806 A group_of pictures GOP in which
coding is cIosedhebhpte&eégamﬂebsncbhaécGEBnlshbmdﬂnhasmadaﬂhanmkaﬂjthe" A
group_of pictures GOP containing a frane coded with reference to a frane in
a precedi ng or pvefeding andofel3eving strepe@S.-NOT LIM T P- and B—plcture
CODI NG to referencing PAST frames). ,group_of pictures GOP is an.

P, !
It is therefore possible Fbepﬁﬁﬁﬁgéﬁga5858§@dceﬂﬁr&§4ﬁ6 &ﬁPyeHmaects this

1nformatlon from the scenario data St7, and generates the
5 encoding information table and encoding paremeters required
~ for encoding control. The encodiﬁg information table and
encoding parameters are described with reference to Figs.
27, 28, and 29 below.
The streanm encoding data.St33 contains the system
10 stream encoding parameters and system encoding start and
end timing values required by the DVD system to generate
the VOBs. These systenm stream'encoding parameters include
the conditions for connecting one video object VOB with
those before and after, the number of audio streams, the
15 audio encoding information and audio Ids, the number of
sub-pictufes and the sub-picture Ids, the video playback
starting time information VPTS, and the audio playback
starting time information APTS.
The title sequence control signal St39 supplies
20 the multimedia bitstream MBS formatting start aﬁd end
timing information and formatting parameters declaring the
reproduction control informetion and interleave
information.
Based on the video encoding parameter and

25 encoding start/end timing signél st9, the video encoder 300



GOP. Reproduci ng an open GOP, however, also requires the presence of the
referenced GOP, generally the GOP preceding 10 the open GOP. The GOP is
often used as the access unit. For exanple, the GOP may be used as the

pl ayback start point for reproducing a title fromthe mddle, as a
transition point in a novie, or for fast-forward play and other 15

speci al reproduction nodes. High speed reproduction can be achieved in
such cases by reproducing only the intra-frame coded frames in a GOP or by
reproducing only franmes in GOP units. Based on the sub-picture stream
encodi ng 20 paraneter signal St11, tH$ sub-picture encodeP PCIAPA 025965
a specific part of the sub-picture stream St3 to generate a variable |length
coded bitstream of bitnmapped data. This variable |ength coded bitstream
data is output as the encoded sub-picture stream St17 to the sub-picture
stream 25 buf fer 600. -78 - PCT/ JP96/ 02806 Based on
the audi o encodi ng parameter signal St13, the audio encoder 700 encodes a
speci fic part o$n¢%@eau§|%PS?L@&#]E@SttQfgbherunéePhétﬁﬁé@d§&1aG@l6Qmﬂﬁ§te
Thi s encoded audi o data may be data based on the MPEGL audi o standard
defined in | SO-an19benaRtaRE RPEeRMagansosPAngare 8BF HBEG?nVrlgeolf-&tf@ ard

AC'S audio data, 9 POLLLEGN 19818, hes' Dibnbhieals! 1908.8"4 S0 €

the video stream buffer 400 as encoded video stream St15.
5 : Note that while the video encoder“300 generates

—~ an elementary stream conforming to the MPEG2 Video standard
defined in IS0-13818, specific encoding parameters are
input via the video encoding parameter signal St9,
including the encoding start and end timiné, bit rate, the

10 encoding conditions for the encoding start and end, the
material type, includihg whether the material is an NTSC or
PAL video signal or telecine converted material, and

. whether the encoding mode is set for either open GOP or
closed GOP encoding.

15 The MPEG2 coding method is basically an
interframe coding method using the correlation between
frames for maximum signal compression, i.e., the frame
being coded (the target frame) is coded by referencing -
frames before and/or after the target frame. However,

20 intra-coded frames, i. e. , frames that are coded based
.solely on the content of the target frame, are also
inserted to avﬁid error propagation and enable |
acﬁessibility from mid-stream (random access). The coding
unit. containing at least one intra-coded frame

25 ("intra-frame") is called a group_of_pictures GOP..



according to these standards are known and conmonly avail able. 10

The video stream buffer 400 is connected to the video encoder 300 and to

t he encodi ng system controller 200. The video stream buffer 400 stores the
encoded video stream St15 jnput fromthe video encoder 300, and outputs the
stored encoded video stream St15 as the tinme-del ayed 15 encoded vi deo
stream St 27 based on the timng signal St21 supplied fromthe encodi ng
system control |l er 200. The sub-picture stream buffer 600 is simlarly
connected to the sub-picture encoder 500 and to the encodi ng system
control l er 200. The sub-picture stream 2077- puffer 600 storeéc?ﬁggéﬁg§ﬂéd
sub-picture stream St17 i nput fromthe sub-picturée encoder 500, and then
outputs the stored encoded sub-picture stream St17 as tine-del ayed encoded
sub- pi cture stream St 29 based on the tlnlng signal St23 supplied fromthe
encodi ng system control I er 200. -79 - PCT/ JP96/ 02806 The
audi o streambuffer 800 is simlarly connected to the audi.o encoder 700 and
to the encodi ng system corft r8IeuR_of)(pictures AR mrmhw%;ngoeswép@sd
t he encoded audi o stream St 19 “§€Ut fromthe audi o encoder 5

and
then outputs t hEPMRIGTSLYadhth gt idhah OB 18 k1R 3% el %}/%ﬂe@nﬁgaed " A
audi o stream St 31 basec% on. t!he etsl re&g rgtalniSrEQZSa sglpé)lkéegoéeg W1Qg

encodi ng systewﬁE

reference to a frame in a preceding or following (Iéo-13818
5 DOES NOT LIMIT P- and B-picture CODING to réferencing PAST
’ frames) group of pictures GOP is an "open GOP." It is
therefore possible to playback a closed GOP using only that
GOP. Reproducing an open GOP, however, also requires the
presence of the referenced GOP, generally the GOP préceding
10 the open GOP.

The GOP is often used as the access unit. For
example, the GOP may be used as the playback start point
for reproducing a title from the middle, as a transition
point in a movie, or for fast-forward play and other

15 special reproduction modes. High speed reproduction can be
achieved in such cas-es by reproducing only the intra-frame
coded frames in a GOP or by reproducing only frames in GOP
units. '

Based on the sub-picture stream encoding

20 parameter signal Stl1ll, the sub-picture encoder 500 encodes
a specific part of the sub-picture stream St3 to generate a
variable length coded bitstream of bitmapped data. This
variable length coded bitstream data is output as the
encoded sub-picture stream St17 to the sub-picture stream

25 buffer 600.



The system encoder 900 is connected to the video 10 stream buffer 400,
sub-pi cture stream buffer 600, audio stream buffer 800, and the encoding
system controller 200, and is respectively supplied thereby with the

ti me-del ayed encoded video stream St 27, tinme-delayed encoded sub-picture
stream St 29, tine-del ayed encoded audi o stream St31, and 15 the system
stream encodi ng paraneter data St33. Note that the system encoder 900 is a
mul ti pl exer that multiplexes the tine-delayed streans St27, St29, and St31
based on the stream encoding data St33 (timng signal) to generate title
editing units (VOBs) St35. 20 - 78 -The VOB buffer 1000CTERPOI02806 y
stores the video objects VOBs produced by the system encoder 900. The
formatter 1100 reads the del ayed video objects VOB fromthe VOB buffer 1000
based on the title sequence control signal St39 to generate one video zone
VZ, and adds the vol une -80 - PCT/ JP96/ 02806 file
structure VFS to generate the edited nultinedia streamdata St43. The

nul ti medi a bitstream MBS Sas@dedin dhexcoutid rqpceeding paranefeer netignatnari o
is then sent to the 5 recorder 1200. The recorder 1200 processes the
edi ted mul ti medis®1sr &0 @arddosereaden O Ancadee an SReSif 1f nkearbrof hkhe

recordi ng medium M, and t hus recq{ds the formatted data stream St45 to_the
recordi ng medi uf lyFhream f® to generate the encoded audio data. This

encoded audio data may be data based on the MPEG1 audio
5 standard defined in IS0-11172 and the MPEGzhaudio standard
—~ defined in IS0-13818, AC-3 audio data, or PCM (LPCM) data.
Note that the methods and means of encoding audio data
according to these standards are known and commonly
available.
10 _ The video stream buffer 400 is connected to the
Qideo encoder 300 and to the éncoding system controller
200. The video stream buffer 400 stores tﬁe encoded video
stream St15 input from the video encoder 300, and outputs
the stored encoded video stream St15 as the time-delayed
15 encoded video stream St27 based on the timing signal St21
supplied from the encoding system controller 200.

The sub-picture stream buffer 600 is similarly
connected to the sub-picture encoder 500 and to the
engoding system controller 200. The sub-picture streanm

20 buffer 600 stores the encodea sub-picture stream St17 input
from the sub-picture encoder 500, and then outputs the
stored encoded sub-picture stream St17 as time-delayed
encoded sub-picture streém St29 based on the timing signal

St23 supplied from thelencpding system controller 200.



10 A preferred enbodi nent of a digital video disk system

aut horing decoder DCD in which the nultinedia bitstream authoring system of
the present invention is applied to a digital video disk systemis

descri bed bel ow and shown in Fig. 26. The authoring decoder DCD applied to
15 the digital video disk system referred to below as a DVD decoder

DCD, decodes the nmultinmedia bitstream MBS edited using the DVD encoder ECD
of the present invention, and recreates the content of each title according
to the user-defined scenario. It will alsg be obvious .that th

mul timedia bitstream St45 encoded by t his7VD encoder ECD is 53%%@88@K?§0@
digital video disk medium M The basic configuration of the DVD decoder DCD
according to this enbodinent is the sane as that of the authoring decoder
DC shown in Fig. 3. The differences are 25 that a different video
decoder 3801 (shown as 3800 i'n Fig. -81 - : PCT/ JP96/ 02806
26) is used in place of the video decoder 3800, and a reordering_ buffer
3300 and sel ector 3400 ar &hst skl sfateame bufifer &R0 HecvurilagiM and

synt hesi zer 3500. Note that the selector 3400 is connected to the‘g,
synchroni zer 296@MNggFed T dthe qudiaencedpr RPN g the 1gpcoding

Compar | Sonwi 1 h SSRPR, RO (e ARH- DT A0 v Mt £eE 0o stores

the encoded audio stream St19 input from the audio encoder
5 700, and then outputs the encoded audio stréam Sst19 as the

(g ' tiﬁe-delayed encoded audio stream St31 based on the timing
signal St25 supplied from the encoding system controller
200.

The system encoder 900 is connected to the video

10 stream buffer 400, sub-picture stream buffer 600, audio
stream buffer 800, and the encoding system controller 200,
and is respéctively supplied thereby with the time-delayed
encoded video stream St27, time-delayed encoded sub-picture -
stream St29, time-delayed encoded audio stream St31, and

15 the system stream encoding parameter data St33. Note that
the system encoder 900 is a multiplexer that multiplexes
the time-delayed streams St27, st29, ahd St31 based on the
stream encoding data St33 (timing signal) to generate title
editing units (VOBs) St35.

20 The VOB buffer 1000 temporarily stores the video
objects VOBs produced by the system encoder 900. The
formatter 1100 reads the delayed video.objects VOB from the
VOB buffer 1000 based on the.titie sequence control signal

St39 to generate one video zone VZ, and adds the volume



10 As shown in Fig. 26, the DVD decoder DCD conprises a

mul timedi a bitstream producer 2000, scenario selector 2100, decodi ng system
controller 2300, stream buffer 2400, system decoder 2500, video buffer

2600, sub-picture buffer 2700, audio buffer 2800, synchronizer 15 2900,
vi deo decoder 3801, reordering buffer 3300, sub-picture decoder 3100, audio
decoder 3200, selector 3400, synthesizer 3500, video data output term nal
3600, and audi o data output term nal 3700. The bitstream producer 2000
conprises a recording 20 media drive unit 2004 for drivin h :
recording medium M a reading head 2006 T®f “readi ng t he inforﬁﬁ%ﬁ§396K9806
recorded to the recording nmedium M and produci ng the binary read signal
St57; a signal processor 2008 for .variously processing the read signal St57
to generate the reproduced bitstream St61; 25 and a reproduction
control |l er 2002. -82 - PCT/ JP96/ 02806 The reproducti on
controller 2002 is connected to the decoding systemcontroller 2300 from

whi ch the mul ti fdrasSkrustpEenVEsy ted genesatey e edijtathmuisimedia stream

supplied, and in %urn generates t he reproduction control 5 signal s St55
and St59 respectf¥@ §¥83ntrolling the recording media drive unit (motor)

Sub-p, ct ur e, and’ audi o poRTRoRUIIA NG AT RERaE T SUA (SRS (e
according to the user-defined scenario is then sent to the
5 recorder 1200. The recorder 1200 processes"the edited
o . multimedia stream data St43 to the data stream St45 format
of the recording medium M, and thus records the formatted
data stream St45 to the recording medium M.
DVD decoder
10 A preferred embodiment of a digital video disk
system authoring decoder DCD in which the multimedia
bitstream authoring system of the present invention is.
applied to a digital video disk system is described below
and shown in Fig. 26. The authoring decoder DCD applied to
15 | the digital video disk system, referred to below as a DVD
decoder DCD, decodes the multimedia bitstream MBS edited
using the DVD encoder ECD of the present invention, and
recreates the content of each title according to the
user-defined scenario. It will also be obvious that the
20 multimedia bitstream St45 encoded by this DVD encoder ECD
is recorded to a digital video disk medium M.
The basic configuration of the DVD decoder DCD
according to this embodimént is the same as that of.the
authoring decoder DC shown in Fig. 3. The differences are

25 that a different video decoder 3801 (shown as 3800 in Fig.



10 aut horing encoder EC are reproduced, the authoring decoder DC
conprises a scenario selector 2100 for selecting and reproduci ng the
correspondi ng scenes (titles). The scenario selector 2100 then outputs the
selected titles as scenario data to the DVD decoder DCD. 15

The scenario selector 2100 preferably conprises a keyboard, CPU, and
nonitor. Using the keyboard, the user then inputs the desired scenario
based on the content of the scenario i nput by the DVD encoder ECD. Based on
the keyboard input, the CPU generates the scenario selection 20 dat a
St51 specifying the sel ected scenario. -T8k-scenario sel ect or PGBGPPE/02806
connected to the decoding systemcontroller 2300 by an infrared
communi cati ons device, for exanple, and inputs the generated scenario
selection data St51 to the decoding systemcontroller 2300. -83 -

PCT/ JP96/ 02806 The stream buffer 2400 has a specific buffer capacity used
to tenporarily store the reproduced bitstream St61 input fromthe bitstream
producer 2000, 8%)rdst usied sl plade lof sheuotides Wegoddre 3800, aand a
synchroni zation data 5 SCR (system cl ock reference) in each pack, and

t he VOBU controFePﬁﬁGF#ﬂﬂ'@NfF381P3QW amel m@&qyﬁqnm$ﬁﬂﬂﬂ@ﬂvvd%ﬁP@ﬁm@rate

the bitstreamcontrol data St63. The stream buffer 2400 is, al so connect ed

to the decodi ngPEY¥EER &6t r (ﬂqQQ'42ﬁﬂ9eﬁ(?QM%(ﬁ?qtSXﬂRﬂﬁ§¥%§¥r%5%%nerated

10 bi tstream control d%%% %%at the selector 3400 is connected to the
- 5 synchronizer 2900, and is controlled by a switching signal
g St103. "

The operation of this DVD decoder DCD is
therefore described below in comparison with the authoring
decoder DC described above.

10 ' As shown in Fig. 26, the DVD decoder DCD
comprises a multimedia bitstream producer 2000, scenario
selector 2100, decoding system controller 2300, stream
buffer 2400, system.decoder 2500, video buffer 2600,
sub-picture buffer 2700, audio buffer 2800, synchronizer

15 2900, video decoder 3801, reordering buffer 3300,
sub-picture decoder 3100,.audio decoder 3200, selector
3400, synthesizer 3500, video data output terminal 3600,
and audio data output terminal 3700.

The bitstream producer 2000 comprises a recording

20 media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to
the recérding medium M and produciné the binary read signal
St57; a signal processor 2008 for variously processing the
read signal St57 to generate the reprdduced bitstream Sté1l;

25 and a reproduction controller 2002.



Based on the scenario selection data St51 supplied by the scenario sel ector
2100, the decoding systemcontroller 2300 then generates the bitstream
reproduction control signal St53 controlling the operation of the 15

bi t stream producer 2000. The decoding systemcontroller 2300 al so extracts
t he user-defined playback instruction data fromthe bitstreamreproduction
control signal St53, and generates the decoding information table required
for decoding control. This decoding infornmation table is 20 descri bed
further below with reference to Figs. 62 and 63. The decodi hg system
controll er 2300 al so extracts the title 18 ormation recorded tBCTARI6/62804
disk Mfromthe file data structure area FDS of the bitstreamcontrol data
St63 to generate the title information signal St200. Note that 25 t he
extracted title information includes the video nmanager -84 -

PCT/ JP96/ 02806 VM5 VIS information VTSI, the PGC information entries C_PBI
#], and the cell presentation tinme C PBTM Note that the bitstreamcontro
data St63 is generated i n ThekrepradnetiagheentroXier 2002 aigl ¢enBected to
supplied fromthe streampbuffer 2400 to the decodi ng system controller
2300, to which fihe SecdinlSEstemEPIET AR AL Trrm sYivteh ocFR®er 2900

IS connected to t de%fﬂi ..systemcontrol | er, 2300 from whj ch it recejves
the 10 syst eftrgdedia SR RERROIURRA ST GREEOh FdRRY SE87 18

supplied, and in turn generates the reproduction confrol
- .5 signals St55 and St59 respectively controlling the

N " recording media drive unit (motor) 2004 and signal
processor 2008.

So that the user-defined video, sub-picture, and
audio portions of the multimedia title'editéd by the

10 authoring encoder EC are reproduced, the authoring decoder
DC comprises a scenario selector 2100 for selecting and
reproducing the corresponding scenes (titles). The
scenario selector 2100 then outputs the éelécted titles as
scenario data to the DVD decoder DCD.

15 The scenario selector 2100 preferably compriSés a
keyboard, CPU, and monitor. Using the keyboard, the user
then inputs the desired scenario based on the content of
the scenario input by the DVD encoder Ecb._ Based on the
keyboard input, the CPU generates the scenario selection

20 data St51 specifying the selected scenario. .The scenario
selector 2100 is connected to the decoding system |
controller'2300 by an infrared communications dévice, for
example, and inputs the generated scenario selection data

St51 to the decoding system controller 2300.



control data St81 to set the internal systemclock STC and supply the reset
systemclock St79 to the decodi ng systemcontroller 2300. Based on this
system cl ock St79, the decoding 15 system control |l er 2300 al so generates
the streamread signal St65 at a specific interval and outputs the read
signal St65 to the stream buffer 2400. Note that the read unit in this case
I's the pack. The nmethod of generating the streamread signal 20 Ste5 is
descri bed next. The decodi ng system controller 2300 conpares the system

cl ock reference SCR contained in the streamcontrol data extracted fromthe
stream buffer 2400 with the system clock & 79 supplied from t RCT/JP96/02806
synchroni zer 2900, and 25 generates the read request signal St65 when
the system -85 - PCT/ JP96/ 02806 clock St79 is greater
than the systemclock reference SCR of the bitstreamcontrol data St63.
Pack transfers are controlled by executlng this control process on a pack
unit. 5 Based on the scenario selection data St51, the

decodi ng systen1contro|IeEhessargemehmﬁﬁenlzéanahaﬁrq;qupmﬁldﬁhnfﬁaﬁlnlng
the streamlds for the video, sub-picture, and audio bitstreans
correspondi ng t 62PRE1EY| BSEEd toc embiorarddy ehone £he neRraduaesn kidisfrean

2500. 10 . Wien a title_ contains plural audio tracks, e.
St61 input from the bitstream producer 2000, extract the

volume file structure VFS, the initial synchronlzatlon data

5 SCR (system clock reference) in each pack, and the VOBU .
control information (DSI) in the havigation pack NV, to
generate the bitStreaﬁ control data Sté3. The stream
buffer 2400 is also connected to the decoding system
controller 2300, to which it'supplies the generated

10 bitstream control data Sté3. |

Based on the scenario selection data St51

supplied by the scenario selector 2100, the decoding system
controller 2300 then geherates the bitstream reproduction
control signal St53 controlling the operation of the

15 bitstream producer 2000. The decoding system controller
2300 also extracts the user-defined playback instruction
data from the bitstream reproduction control signal St53,
and generates the decoding information table required for
decoding control. This decoding information table is

20 described further below with reference to Figs. 62 and 63.
The decoding system controller 2300 also extracts the title
information recorded to the optical disk M from the file
data structure area FDS-of the bitstream control data St63:
to generate the titie information signal sfzoo. Note that

25 the extracted title information includes the video manager



audi o tracks in Japanese, English, French, and/or other |anguages, and
plural sub-picture tracks for subtitles in Japanese, English, French,
and/ or ot her | anguages, for exanple, a discrete IDis assigned to each of

t he | anguage 15 tracks. As described above with reference to Fig. 19, a
streamID is assigned to the video data and MPEG audi o data, and a
substream I D is assigned to the sub-picture data, AC-3 audio data, |inear
PCM dat a, and navi gati on pack NV information. Wile the user need never be
aware of 20 _these I D nunbers, the user can select the |anguage of .the
audi o and/or subtitles using the scenari-o8&el ector 2100. |f ERCITARI6/02806

| anguage audio is selected, for exanple, the ID corresponding to the
English audio track is sent to the decoding systemcontroller 2300 as
scenari o selection data 25 St51. The decodi ng system controller 2300
then adds this -86 - PCT/ JP96/ 02806 I D to the decodi ng
signal St69 output to the system decoder 2500. Based on the instructions
cont ai ned in t hgMdgcuiisnd nfiogialt i8nb TSI e t3s r0 deraieratidi) amtspbesi vel y
5 out puts the video, sub-picture, and audio bitstreans i nput fromthe
stream buf f er 2€0BBTo#jhe andddhebwiefldr p2E@@Entatli-qr dtimee G HEEM. 2700, and
audi o buffer 2800 as the encoded video stream St 71, encoded sub-picture
stream St 73, and encoded ¥@#ieo tiatedhesiitstrean agmdiralhdaha A3 090

i nput fromthe scenario selector 2100 and the pack I D input )
generated in pack units as shown in Fig. 19, and 1is

5  supplied from the stream buffer 2400 to the decoding system
controller 2300, to which the stréam buffer 2400 is
connected.

The synchrénizer 2900 ig connected to the
decoding system controller 2300 from which it receives the

10 system clocklréference SCR contained in the synchronization
control data St81 to set the internal system clock STC and
supply the reset system clock St79 to the decoding system
controller 2300.

Based on this system clock St79, the decoding

" 15 system controller 2300 also generates the stream read
signal Sste65 at a specific inﬁérval and outputs the read
signal St65 to the stream buffer 2400. Note that the read
unit in this case is the pack.

The method of generating the stream read signal

20 'st65 is described next. |

The decoding system controller 2300 compares the
system clock reference SCR contained in the stream control
data extracted from the stream buffer 2400 with the sysﬁem
clock St79 supplied from the synchronizer 2900, and

25 - generates the read request signal St65 when the system



fromthe stream buffer 2400 match, the system decoder 2500 outputs the
correspondi ng packs to the respective buffers (i.e., the video buffer 2600,
sub-pi cture buffer 2700, and audi o buffer 2800). 15 The
syst em decoder 2500 detects the presentation tine stanp PTS and decodi ng
time stanp DTS of the smallest control unit in each bitstream St67 to
generate the tine information signal St77. This tine information signha
St77 is supplied to the synchronizer 2900 t hrough the decodi ng 20

system control |l er 2300 as the synchroni zation control data St81l. Based on
this synchroni zation control data St81, +8%-synchroni zer 2900 RETAPH6/02806

the decoding start timng whereby each of the bitstreans will be arranged
in the 25 correct sequence after decoding, and then generates and
-87 - PCT/ JP96/ 02806 i nputs the video stream decodi ng start

si‘gnal St89 to the video decoder 3801 based on this decoding timng. The
synchroni zer 2900 al so generates and supplies the sub-picture decodi ng

start signal St@gloekdsaud dssigreabey thandehedisyetendlcuknmdféitdiicé ostRe
sub- pi cture decoder 3100 and audi o decoder 3200, respectively. The video

decoder 3801 gen€r &hes hiite tirietan conttpretl. dadae Stt63i.gndHack Sranstersnardae
vi deo stream decodi ng start signal St89, and outputs to the video buffer

2600. 10 I n p@@mﬁéqdobnm@xﬁmmmhs cepfanl fnaeesssien, a tprck
unit.
5 Based on the scenario selection déta St51, the
decoding system controller 2300 génerates the decoding |
| signal St69 defining the stream Ids for the video,
sub-picture, and audio bitsfreams corresponding to the '
selected scenario, and outputs to the system decoder 2500.
10 When a ﬁifle contains plural_audio tracks, e.gq.
audio tracks inlJapanese, English, French, and/or other
languages, and plural sub-picture tracks for subtitles in
Japanese, English, French, and/or other languages, for
example, a discrete ID is assigngd to each of the language
" 15 tracks. As described above with reference to Fig. 19, a
stream ID is assigned to the video data and MPEG audio
data, and a substream ID is assigned to the sub-picture
data, AC-3 audio data, linear PCM data, and navigation pack
NV information. While the user need never be aware of
20 these ID numbers, the user can select the language of the
- audio and/or subtitles using the scenario selector 21OQL
If English language audio is selected, for example, the ID
corresponding to the English audio track is sent to the
decoding system controller 2300 as scenario selection data

25 St51. The decoding system controller 2300 then adds this



vi deo buffer 2600 outputs the video stream St83 to the video decoder 3801.
The vi deo decoder 3801 thus detects the presentation tinme information
contained in the video stream St83, and di sabl es the video output request
signal 15 St 84 when the length of the.received video stream St83 is
equivalent to the specified presentation tine. A video streamequal in

|l ength to the specified presentati-on tinme is thus decoded by the video
decoder 3801, which outputs the reproduced video signal St95 to the
reordering buffer 20 3300 and sel ector 3400. Because the encoded vi deo
streamis coded using the interfrane cor+8 ati ons bet ween pi ctRCESPI6/02806
coded order and di splay order do not necessarily patch on a frame unit
basis. The video cannot, therefore, be displayed in 25 t he decoded
order. The decoded frames are therefore -88 -

PCT/ JP96/ 02806 tenporarily stored to the reordering buffer 3300. The
synchroni zer 2900 therefore controls the swtching signal St103 so that the

reproduced vi de@psitgnaheSa@zodinguls ignal ISty idiputeaslathea &P teml déeoder
reordering buffer output 5 St97 are appropriately selected and out put
in the display @as5®er. to the synthesizer 3500. The sub-picture decoder 3100
simlarly generates the sub-picture output request signal St86 based on the
sub-pi cture decodi ng st ar Basiegn®n $hel inetdumitimns cantained in the
sub-picture buffer 2700. |In response to the sub-picture
decoding signal St69, the system decoder 2500 respectlvely
5 outputs the video, sub-picture, and audio bltstreams input
from the stream buffer 2400 ﬁo the video buffer 2600,
sub-picture buffer 2700, and audio buffer 2800 as the
encoded video stream St71, encoded sub-picture stréam St73,
and encoded audio stream St75. Thus, when the stream ID
10 input from the scenario selector 2100 and the pack ID input
from the stream buffer 2400 match, the system decoder 2500
outputs the corresponding.packs to the respective buffers
(i.e., the video buffer 2600, sub-picture buffer 2700, and
audio buffer 2800). |
15 The system decoder 2500 detects the presentation
time stamp PTS and decoding tinme stamp DTS of the smallest
control unit in each bitstream St67 to generate the time
information signal St77. This time information signal St77
is supplied to the synchronizer 2900_through the decoding
20 system controller 2300 as the synchronization control data
Sts1. |
Based on this synchronization control data st81,
' the synchronizer 2900 determines the decoding start timing

whereby each of the bitstreams will be arranged in the

25 correct sequencé after decoding, and then generates and



out put request signal St86, the sub-picture buffer 2700 outputs the
sub-picture stream St85 to the sub-picture decoder 3100. Based on the
presentation tinme information contained in the sub-picture stream St85, the
sub-picture 15 decoder 3100 decodes a |l ength of the sub-picture stream
St 85 corresponding to the specified presentation tine to reproduce and
supply to the synthesizer 3500 the sub-picture signal St99. The synthesizer
3500 superinposes the selector 20 3400 output with the sub-picture
signal St99 to generate and output the video signal St105 to the video data
out put termnal 3600. The audi o decoder 3800 generates and sugi$1/8B96/62806
audi o buffer 2800 the audi o output request signal "St88 25 based on the
audi o stream decodi ng start signal St93. The -89 -

PCT/ JP96/ 02806 audi o buffer 2800 thus outputs the audio stream St87 to the
audi o decoder 3200. The audi o decoder 3200 decodes a length of the audio
stream St 87 corresponding to the specified presentation tine based on the
present ation ti #BPYts thpnvadest istareasn Beiandd noh stiea ta sdighadt (SR Sigtheind
out puts the decoged audi o stream St101 to the audio data qQutput tern na
3700. It is thu¥ifBesfBredes B80lobased; ok dhifetiacoding GifN% biThE ream

MBS in real -tine acgordi.ng t 10 user - defi ned scenar.i,0. :MNore
speci fically, eﬁgﬂcﬁFﬂﬁlF%E 39%0 also generé%es and supplies éﬂ%

sub-picture decoding start signal St91 and audio stream
S decoding start signal St93 to the sub-pictufe decoder 3100
and audio decoder'3200, respectively.

The video decoder 3801 generates the video output
request signal St84 based on the video stream decoding
start signal St89, and outputs to the video buffer 2600.

10 In response to the video output request signal St84, the
video buffer 2600 outputs the video stream St83 to the
video decoder 3801. The video decoder 3801 thus detects
the presentation time information contained in the video
stream St83, and disables the Qideo output request signal

. 15 St84 when the length of the received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
is thus decoded by the video decoder 3801, which outputs
the reproduced video signal St95 to the reordering buffer

20 3300 and selector 3400.

Because the encoded video stream is coded using
the interframe correlations between pictures, the coded
order and display order do not necessarily match on a frame
unit basis. The video cannot, therefore, be displaygd in_

25 the decoded order. The decoded frames are therefore



user selects a different scenario, the DVD decoder DCD is able to reproduce
the title content desired by the user in the desired sequence by
reproduci ng the nmultimedia bitstream MBS corresponding to the sel ected
scenario. 15 ' It should be noted that the decoding system
controller 2300 may supply the title information signal St200 to the
scenari o selector 2100 by neans of the infrared communi cati ons device

ment i oned -above or another neans. Interactive scenario selection controlled
by the 20 user can al so be nmade possi ble by the scenario selector 2100
extracting the title informati on recorded88e the optical di sk RETHBREIRE06
file data structure area FDS of the bitstream control data St63 contai ned
in the title information signal St200, and displaying this title 25

i nformati on on a display for user selection. -90 -

PCT/ JP96/ 02806 Note, further, that the stream buffer 2400, video buffer
2600, sub-picture buffer 2700, audi o buffer 2800, and reordering buffer
3300 are expr esrihprhrend 3ndtiorddietd i the aseaxiaciey Hwfter i 3308. bethase
they are functionally 5 different. It wll be obvious, however, that a
singl e buffer nEywchmmider GAM0 dhaexeforeremtrolhcthengwitshingesignal
functionality by tinme-share controlled use of a_ buffer nennrg mﬁtg a@
operating speed SHif3isq ithat rthe orepredneed videe HIEONR]T (8693 qucppt; fron

separate buffers. 10 Mul ti-scene control : . )
P the video decoder 3800 ané)the reordering buffer output

5 St97 are appropriately selected and output in the display
order to the synthesizer 3500. ' |
The sub-picture decoder 3100 similarly genefates
the sub-picture output request signal St86 based on the
sub~-picture decoding start signal St91, and outputs to the
10 sub-picture buffer 2700. In response to the sub—picture
output request signal St86, the sub-picture buffer 2700
outputs the sub-picture stream St85 to the sub-picture
' decoder 3100. Based on the presentation time information
contained in the sub-picture stream St85, the sub-picture
15 | decoder 3100 decodes a length of the sub-picture stream
St85 corresponding to the specified presentation time to
‘ réproduce and supply to the syntheéizer 3500 the
sub-picture signal St99.
 The synthesizer 3500 superiﬁposes the selector
20 3400 output with the sub-picture signal St99 to generate
and output the video signal St105 to the video data output
terminal 3600. | - |
The audio decoder 3200 generates and supplies to
the audio buffer 2800 the audio output request signal st8s

25 based on the audio stream decoding start signal St93. The



The concept of nultiple angle scene control according to the present
invention is described below with reference to Fig. 21. As described above,
titles that can be played back with numerous variations are constructed 15
from basi c scene periods containing data conmon to each title, and

mul ti-scene periods conprising groups of different scenes corresponding to
t he various scenario requests. In Fig. 21, scenes 1, 5, and 8 are the
comon scenes of the basic scene periods. The multi-angle scenes 20
(angles 1, 2, and 3) between scenes 1 and 5, and the parental |ocked scenes
(scenes 6 and 7) between scenes 5 and 8- 8re the nulti-scene RET/HR0/02806

Scenes taken fromdifferent angles, i.e., angles 1, 2, and 3 in this
exanpl e, can be dynam cally selected 25 and reproduced during pl ayback
in the multi-angle scene -91 - PCT/ JP96/ 02806 period. In

the parental | ocked scene period, however, only one of the avail able
scenes, scenes 6 and 7, having different content can be sel ected, and nust
be sel ected stahihaabl pulbgber espbarhack oheguts. the audio stream \8tigh W the

t hese scenes fromthe nulti-scene periods is to be selected and reproduced

is defined by taadisedecpdeat 3290.he Thecaadio selcodesr 32000 danpderkraby

generating the scenario selection data St51. In scenario 1 in Fig. 21 the

user can freel ylepgsbt ofnhef apdd ol Gtream)Stis7acgra esRANELNG P e 6 has

been presel ected for
specified presentation time based on the presentatlon time

5 1nformat10n contained in the audio stream St87 and outputs
the decoded audio stream St101 to ‘the audio data output
terminal 3700.

It is thus possible to reproduce a user-defined

multimedia bitstream MBS in real-time according to a

10 user-defined scenario. More specifically, each time the
user selects a different scenario, the DVD decoder.DCD is
able to reproduce the title content desired by the uéer in
the desired sequence by reproducing the multimedia
bitstream MBS corresponding to the selected scenario.

15 It should be noted that the decoding system
controller 2300 may supply the title information signal
St200 to the scenario selector 2100 by means of the'
infrared communications device mentioned above or another
means. Interactive scenario selection controlled by the

20 user can also be made possible by the scenario selector
2100 extracting the title information recorded to the
optical disk M from the file data structure area FDS of the
bitstream control data St63 contained in the title

information signal St200, and displaying this title

25 information on a display for user selection.



output in the parental |ocked scene period. Simlarly in scenario 2, the
user can freely select any of the nulti-angle scenes, and scene 7 has been
presel ected for output in the parental |ocked scene period. 15

Wth reference to Figs. 30 and 31, furthernore, the contents of the program
chain information VIS PGCl is described. In Fig. 30, the case that a
scenari o requested by the user is shown with respect to a VTSI data
construction. The scenario 1 and scenario 2 shown in Fig. 20 21 are
described as program chain information VIS PGC#1 and VTS PGC#2. VTS PGCH1
describing the scenario 1 consists of cel90pl ayback i nfor mat i RCTIPH/H2806
corresponding to scene 1, CPBI#2, CPBI#3, and CPBI#4 within a multi-angle
cell. block, CPBI#5 corresponding to scene 5, -92 -

PCT/ JP96/ 02806 C PBI #6 corresponding to scene 6, and CPBI#7 correspondi ng
to scene 8. VTSPGCI #2 describing the scenario 2 consists of cell playback

I nformati on CPBI#1 corresponding to scene 1, 5 C PBI#2, C PBI#3, and

C PBI#4 within a multi-antjotegelfurithery tcharte Shenditrgaino mffidrt 2400 evideo
scene, C PBI#5 corresponding to scene 5, C PBI#6 correspondi ng to scene 7,
and CPBI #7 corr BY56RY B§%00 §b‘3§‘rr@lgtuk@cmfl¢g' 23 00he agiddia Huffiere @Gt em
data structure, a_scene which is a control unit of a scenarjo is

described as a BBA| rﬁ?ﬁFéﬁrll§'gabHﬁifﬁrt RS08uAder eXPResseds aheye @W’edﬂbs‘%‘&l

by a user can
y figures as separate entities because they are functionally

5 different. It will be obvious, however, thét a single
e buffer memory can be controlled to provide the same
discrete functionality by time-share controlled use of a
buffer memory with an operating speed plural times faster -
than the read and write rates of these separate buffers.
10 Multi-scene control
The concept of multiple angle scene cohtrol
according to the present invention is described below with
reference to Fig. 21. As described above, titles that can
be played back with numerous variations are constructed
15 from basic scene periods containing data common to each
title, and multi-scene periods comprising groups of
different scenes'corresponding_to'the various scenario
requests. 1In Fig. 21, scenes 1, 5, and 8 are the common
scenes of the basic scene periods. The multi-angle scenes
20 (angles 1, 2, and 3) between scenes 1 and 5, and the
parental locked scenes (scenes 6 and 7) between scenes 5
énd 8, are the multi-scene periods.
Scenes taken from different angies, i.e., angles
1, 2, aﬁd 3 in this example, can be dynamically selected

25 - and reproduced during playback in the multi-angle scene



be obtained. In Fig. 31, the case that a scenario requested by the user
shown in Fig. 21 is shown with respect to a VOB 15 data construction
VTISTTVOBS. As specifically shown in Fig. 31, the two scenarios 1 and 2 use
the same VOB data in comon. Wth respect to a single scene conmonly owned
by each scenario, VOB#1 corresponding to scene 1, VOB#5 corresponding to
scene 5, and VOB#8 corresponding to scene 20 8 are arranged in

non-i nterl eaved bl ock which is the contiguous block. Wth respect to the
mul ti-angl e data comonly owned by scenarios 1 and 2, one angle scene data

is constructed by a single VOB. Specific#®ily speaking, angle PET/IP96102806
constructed by VOB#2, and angle 2 is constructed by -93 -

PCT/ JP96/ 02806 VOB#3, angle 3 is constructed by VOB#4. Thus constructed
multi-angle data is fornmed as the interleaved bl ock for the sake of
swi t chi ng between each angl e and seanl ess reproduction of each angl e data.
Scenes 6 and 7 peculiar 5 to scenarios 1 and 2, respectively, are

formed as the igdeidgavesn btREkpdPEnthE 38LReAf seeABI pegibapr hdwekicd!) only
bet ween common 'scenes before and behind thereof as well as seanl ess :

reproduction besneesf celed seaitable geefieshedceneshé ahdve, hawimeer's

requesting 10 scenario shown in Fig. 21 can be realized by utilizing

the video titl edpffgbenk content cahobeasedactedwnand mAugt @ selected
statically before playback begins. '_

5 o Which of these scenes from the muiti-scene
periods is to be selected and repfoduced is defined by the
user operating the scenario selector 2100 and thereby
generating the scenario selection data St51. In scenario 1
in Fig. 21 the user can freely select any of the

10 multi-angle scenes, and scene 6 has been preselectéd for
output in the parental locked scene period. Similarly in
scenario 2, the user can freely seléct any of the
multi-angle scenes, and scené 7 has been preselected for
output in_the parental locked scene period.

W 15 With reference to Figs. 30 and 31, furthermore,
the contents of the program chain information VTS_PGCI is
described. In Fig. 30, the case that a scenario requested
by the user is shoﬁn with respect to. a VTSI data
construction. The scehario 1 and scenario 2 shown in Fig.

20 21 are described as pfogram chain information VTS_PGC#1
and VTS_PGC#2. VTS_PGC#1 describing the scenario 1
consists of cell playback information C_PBI#1 corresponding
lto scene 1, C_PBI#2, C_PBI#3,“and C_PBI#4 within a

multi-angle cell block, C_PBI#5 corresponding to scene 5,



and the title playback VOB data structure shown in Fig. 31. Seanl ess

pl ayback The seanl ess pl ayback capability briefly 15 - nentioned above
with regard to the digital video disk systemdata structure is described
bel ow. Note that seam ess playback refers to the reproduction in a digital
vi deo di sk system of nultinedia data including video, audio, and
sub-picture data without intermttent breaks in 20 the data or

i nformati on between basic scene periods, between basic scene periods and
mul ti-scene periods, and between nulti-scene periods. Hardware factors
contributing to internmttent playback of-9his data and title ROE/EPR6/02806

I ncl ude decoder -94 - PCT/ JP96/ 02806 underflow, i.e., an
i mhal ance between the source data input speed and the decodi ng speed of the

I nput source data. O her factors relate to the properties of the playback
data. Wien the playback data is data that nmust be 5 conti nuously
reproduced for a constant tinme unit in order for the user to understand the

content or infognpBife, corttespondifglidiod scéded 6G0ANING PBIAY |lcaatredsond ivey
required continuous presentation time cannot be assured. Reproduction of
such i nformati ohowseenbkyst.he required 10 continuity is assured is
referred ta as."contiguous information reproduction,” or "seanl ess |,

i nformation reproducti on. VIRe BE6T#e idescafikimgs thef eaemard® whaPndists of

cell playback information C_PBI#1 corresponding to sﬁene 1,
5 C_PBI#2, C_PBI#3, and C_PBI#4 within a multi—angle cell -
block corresponding to a multi-anéle scene, C_PBI#5
corresponding to scehe 5, C_PBI#6 corresponding to scene 7,
and C_PBI#7 corresponding to scene 8. According to the
digital video system data structure, a séene which is a
10 control unit of a scenario is described as a cell which is
a unit thereunder, thus a scenario requested by a user can
be obtained.
In Fig. 31, the case that a scenario requested by
the user shown in Fig. 21 is shown with respect to a VOB
s B data construction VTSTT VOBS. As specifically shown in
Fig. 31, the two scenarios 1 and 2 use the same VOB datg in
common. With respect_to a single scene commonly owned by
each scenario, VOB#l1 corresponding to scene 1, VOB#5
corresponding to scene 5, and VOB#8 corresponding to scene
20 8 are arranged in non-interleaved block which is the
contiguous block. .
With respect to the multi-angle data commonly
owned by scenarios 1 and 2, one angle scene data is
constructed by a single VOB. Specifically speaking, angle

25 1 is constructed by VOB#2, and angle 2 is constructed by



required continuity cannot be assured is referred to as "non-conti nuous

I nformati on reproduction,” or "non-seanl ess 15 I nformati on
reproduction.” It is obvious that continuous information reproduction and
non-conti nuous i nformation reproduction are, respectively, seanl ess and
non- seam ess reproduction. Note that seam ess reproduction can be further
20 categori zed as seamnl ess data reproduction and seanl ess i nformation
reproduction. Seanl ess data reproduction is defined as preventing physi cal
bl anks or interruptions in the data playback (intermttent reproduction) as
a result of a buffer underflow state, foer93exanple. Seanl ess 2PCT/JP96/02806
I nformati on reproduction is defined as preventing-apparent - 95 -

PCT/ JP96/ 02806 interruptions in the information when perceived by the user
(intermttent presentation) when recognizing information fromthe playback
data where there are no actual physical breaks in the data reproduction. 5
Details of Seaml ess pl ayback The specific nethod enabling sean ess

reproduction asvbBgs,dasgniebsd iss cdnstirubedd ayevopgaaw Whds refmstannetdd
Figs. 23 and 24. Interleaving 10 The DVD data system streans
descri bed abovemailtirenglecdatsi ig £orapdr asr ithee iaterdcaved idogdk e the
novie or other nultinmedia title on a DVD recordi ng nedi um
sake of switching between each angle and seamless
reproduction of each angle data. Scenes 6 and 7 pecﬁligr
5 to scenarios 1 and 2, respectively, are forﬁed as the
\“”/- | interleaved block for the sake of seamless reproduction
between common scenes before and behind thereof as well as
seamless reproduction between each scene.
As described in the above, the user’s requesting-
10 scenario shown iﬁ Fig. 21 can be realized by utilizing the
video title playback control information shown in Fig. 30
and the title playback VOB data structure shown in Fig. 31.
éeamless playback
The seamless playback capability bfiefly
15 mentioned above with regard to the digital video disk
system data structure is described below. Note that
seamless playback refers to the reproduction in a digital
video disk system of multimedia data including video,
audio, and sub-picture déta withoutfintermittent breaks in
20 the data or information between basic.scene periods,
"between basic scene periods and multi-scene periods, and
between multi-scene periods. - |

Hardware factors contributing to intermittent

playback of this data and title content include decoder -



Note that the follow ng description refers to a novie as the nultinedia
title being processed, but it will be 15 obvi ous that the invention
shall not be so limted. Supplying a single novie in a format enabling the
novie to be used in plural different cultural regions or countries requires
the script to be recorded in the various | anguages used in those regions or
countries. It may even 20 necessitate editing the content to conformto
the nores and noral expectations of different cultures. Even using such a

| arge-capacity storage systemas the DVD system however, it is necessary

to reduce the bit rate, and therefore th@4i-mage quality, if pP(ErTé.TP96/02806
full-length titles edited froma 25 singl e common source title are
recorded to a single disk. -96 - PCT/ JP96/ 02806 Thi s
probl em can be solved by recording the cormmon parts of plural titles only
once, and recording the segnents different in each title for each different
title only. This nethod makes it possible to record plural titles for 5

di fferent countyh@srflow)! ilees 4R EmbalgheeOpétwabndihk woulrce! daddudnpyt
the bit rate, and, therefore, retaining high inmge quality. As shown in

Fig. 21, the tigpesdrandrthd decadihnggspeedt ofathdi shputnsalwceadiatascene
peri ods of scenes 10 common to all scenarios, and multi-scene periods .
cont ai ni ng scenes speci fi @ther cachpnssrehateoto tbeppﬁvpeﬁtﬂéﬁeﬁﬁaWHGOCk

control and nulti-angle scene control functions,
playback data. When the playback data is data that must be

5 continuously reproduced for a constant time unlt in order
| for the user to understand the coﬁtent or information,
‘e.g., audio data, data continuity is lost when the required
continuous presentation time cannot be assured.
Reproduction of such information whereby the required
10 continuity is assured is referred to as "contiguous
information repréduction," or "seamless information
reproduction." Reproduction of this information when the
required continuity cannot be assured is raferred to as
"non-continuous information reproduction," or "non-seamless
15 information reproduction." It is obvious that continuous
information reproduction and non-continuous information
reproduction aré,.respectively, seamless and non-seamless
reproduction.
Note that seamless reproduction can be further
20 categorized as seamless data reproduction and seamless
information reproduction. Seamless data reproduction is
defined as preventing physical blanks or interruptions in
the data playback (intermittent reproduction) as a result
of a.buffer underflow'state, for example. Seamless |

25 information reproduction is defined as preventing apparent



In the case of the parental |ock control function, titles containing sex
scenes, violent scenes, or 15 ot her scenes deened unsuitable for
children, i.e., so-called "adult scenes," are recorded with a conbination
of common scenes, adult scenes, and children's scenes. These title streans
are achi eved by arraying the adult and children's scenes to nulti-scene
peri ods between the conmon 20 basi ¢ scene periods. Milti-angle control
can be achieved in a conventional single-angle title by recording plural
mul ti medi a scenes obtained by recording the subjects fromthe desired
plural canera angles to the nulti-scene-@4ods 25 ar r ay e PQIFTRO6£02806c
common basic scene periods. Note, -97 - ' PCT/ JP96/ 02806
however, that while these plural scenes are described here as scenes
recorded fromdifferent camera angles (positions), it will be obvious that
the scenes may be recorded fromthe sanme canera angle but at different
tinmes, 5 data generated by conputer graphics, or other video data. Wen
data is shared bgtupeiptibher ¢ft thecharophation whegyl pelriddived tby the user
obvi ously necessary to nove the | aser beam LS fromthe comon scene data to
the non-common ¢imtersidtéedtr prgseapatdont)i when recognd zimee informstion 10
pickup to a different position on the DVD recording medi um RC1. The probl em
here i s that théronntheeplaybackodatacwhiereofhers agiecigp ashuadl ghysical
difficult to continue ) : '

breaks in the data reproduction.

5 Details of Seamless playback
> - The specific method enabling seamless
reproduction as thus described is described later below
with reference to Figs. 23 and 24.
Interleaving
10 The DVD data system streams described above are
recorded using an.appropriate authoring encoder EC as a
movie or other multimedia title on a DVD recording medium.
Note that the following description refers to a movie as
the multimedia title being processed, but it wil1 be
A 15 obvious that the invention shall not be so limitgd.

Supplyinq a single movie in a férmat enabling the
movie to be used.in plural different cultural regions or
countries réquires the script to be récorded in the various
languages used in those regions or countries. It may even

20 necessitate editing the content to conform to the mores and
moral expectations of different cultures. Even using such
a large-capacity storage system és the DVD system, however,
it is necessary to reduce the bit rate, and therefore the
image quality, if plural full-length titles edited from a

25 single common source title are recorded to a single disk.



reproduction without creating breaks in the audio or video, i.e., to
sustai n seamnl ess reproduction. This problemcan 15 be theoretically
sol ved by providing a track buffer (stream buffer 2400) to del ay data

out put an anmount equivalent to the worst access tinme. In general, data
recorded to an optical disk is read by the optical pickup, appropriately
processed, and tenporarily stored to the track buffer. The 20 stored
data i s subsequently decoded and reproduced as video or audi o data.
Specific Problemin Interleaving The operation of the stream buffer 2400,
or a track buffer, in this DVD systemiso9gescribed briefly 25PCT/IRI6H02806

-98 - PCT/ JP96/ 02806 Because rotational speed control of
the optical disk drive cannot instantaneously adjust the disk speed, the
input to the stream buffer 2400, i.e., the transfer rate Vr fromthe
optical disk, is a basically constant 5 rate. Qutput fromthe track
buffer, i.e., the transfer rate Vo to the decoder, however, varies

according to thenidbgeolYahi £dn BECEoL(L&Nby PEEoRHEAgt BReVabimabhe phirts’ aife
of the conpressed video data in the DVD system The fromdisk transfer rate

VI i s thereforepluwral avitiéslonly enpepxanat eeygoitdiMypthensebhmebdt® syst em
while the transfer rate Vo fromthe buffer is variable to a maxi nrum 10
Mops. Because odiffiesegtpibheeachntihdei iputeacgd different title only.
This method makes it possible to record plural titles for
5 different countries or cultures to a singletoptical disk
withoﬁt reducing the bit rate, and, therefore, retaining
high image quality.
As shown in Fig. 21, the titles recorded to a
single optical disk contain basic scene periods of scenes
10 common to all scenarios, and multi-scene periods containing
scenes specific to certain scenafios, to provide parental
lock control and multi-angle scene control functions.
In the case of the parental lock control
function, titles containing sex scenes, vioient scenes, oOr
\;; 15 other scenes deemed unsuitable for children, i.e.,
so-called "adult scenes," are recorded with a-combination
of common scenes, adult scenes, and children’s scenes.
These title streams are achieved by arraying the adult and
children’s scenes to multi-scene periods between the common
20 basic scene periods.
Multi-angle control can be achieved in a
conventional single-angle title by recording plural
multimedia scenes obtained by recording the subjects from

the desired plural camera angles to the multi-scene periods

25 arrayed between the common basic scene periods._'Note,



transfer rates Vr and Vo, the stream buffer 2400 wll overflow if data is
transferred continuously fromdisk. 15 Therefore, to prevent the stream
buffer 2400 of the reproduction apparatus overflowing, data is transferred
intermttently fromthe disk. The stream buffer is controlled during norma
continuous reproduction to always be in a near-overflow state. 20

It is therefore possible by using a stream buffer 2400 to sustain
continuous, uninterrupted data output (reproduction) even if there is a
slight break in data reading as a result of the read head (optical pickup)
2006 junping to nove between |ogic sector®7 LS on the di sk. | nPEZST/IP96/62806
actual reproduction apparatus, however, the junp tine -99 -

PCT/ JP96/ 02806 nmay vary between 200 nmsec and 2 sec dependi ng upon the

di stance and position on the disk M Wile it is possible to use a stream
buffer 2400 with capacity sufficient to absorb this junp tine, -the
conpression bit rateis an 5 average 4 - 5 Mops and a naxi rum 10 Mops

when using a | ahgRevapacithutophiidel tdiesle Miurani Bedhedh aredlddscr ikt here
Assuring seanl ess reproducti on when junping fromany disk position to any

ot her with thi sasystemesnpesesdedy firbmC if ferenty camguiar @mgyltess resulting
in an expensive decoder DC. 10 Because the anmpbunt of nenory that can be
built in to the(nesdddenBl,i dtt Wdddf bee obwiioned thata thes sasfrest mage ke oduct
's to be narketﬁgcoggggrngg‘%%LIgg%eazgm;ggpiiglegbdi at different times
. !
- S data generated by computer graphics, or other video data.
When data is shared betﬁeen different scenarios
of a single title, it is obviously necessary to move the
laser beam LS from the common scene data to the non-common
scene data during reproduction, i.e., to move the optical
10 pickup to a different position on the DVD recording medium
RCl. The problem here is that the time required to move
the optical pickup makes it difficult to continue
reproduction without creating breaks in the audio or video,
i.e., to sustain seamless reproduction. This problem can
s 15 be theoretically solved by providing a track buffer (stream
buffer 2400) to delay data output an améunt equivalent to
the worst access time. In general, data recorded to an
optical disk is read by the optical pickup, appropriately
processed, and temporarily stored to the track buffer. The
20 stored data is subsequently decoded and reproduced as video
or audio data.
Specific Problem in Interleaving
The operation of the stream buffer 2400, or.a
tfack'buffer,-in thié DVD system is described briefly

25  below.



limting the junp tinme to a tine whereby data can be continuously
reproduced. 15 The rel ationshi p between the accunul at ed data
gquantity in the stream buffer 2400 and the operating node of the reading
head 2006 is shown in Fig. 32. In Fig. 32, period Tr is the period during
whi ch the optical pickup reads data fromthe optical disk RC, and period T,
Is the 20 junp period during which the optical pickup noves between

| ogic sectors. Line L1 expresses the change in data volunme Vd stored in the
stream buffer 2400 during the data read period Tr. Line L2 expresses the
change in data volunme Vd stored in the stggeam buffer 2400 duri 3¢ 4
period Tj. -100 - PCT/ J%G/ 02806 During the %@;{g?g%ﬁggm
period Tr, the reading head 2006 reads data fromthe optical disk Mat the
transfer rate Vr, and stores the read data directly to the stream buffer
2400. The stream buffer 2400 supplies the data to 5 t he decoders 3801,
3100, and 3200 at the transfer rate Vo. As a result, data accunulates in

t he stream buffer 2400 durj t he .dat.a .r ' T r Y
i.e., the difference bet vvggn uhsreésg%%f%ﬁoﬁgﬁs%ﬁéeggtceép%%gﬁ%eé{‘%eéﬁtéﬁ'g?%g
head 2006 is noyi; I ACITnEE i ' ﬁﬂ% | S5 RS I T O Ny £k | she
junp period Tj,ﬁag?a%?ga fromt QQ§§ﬁﬂg§Ha}sslga€§;nun be storeJ%?% the

stream buffer 249Q bt GhStddmmidtaddomihe. stteantPahéesr 2400
to the decoders 3801, 3100, and 3200 during :

rate Vr from the optical disk, is a basical}y constant
5 rate. Output from the traék buffer, i.e., the transfer
rate Vo to the decoder, however, Qaries according to the
image quality, user intent, and even the variable bit rate
of the compressed video data in the DVD system. The
from—disk transfer rate Vr is therefore constant at
10 approiimately 11 Mbps in the DVD systenm, whilg the transfer
rate Vo from the buffer is variable to a maximum 10 Mbps.
Because of this gap between the input and output
transfer rates Vr and Vo, the stream buffer 2400 will -
overflow if data is transferred continuously from disk.
Y, 15 Therefore, to prevent the stream buffer 2400 of the
reproduction apparatus overfléwing, data is transferred
intérmittently from the disk; The stream bufferlis
controlled during normal continuous reproduction to always
be in a near-overflow state. _

20 It is therefore possible by using a stream buffer
2400 to sustain continuous, uninterrupted data.output
(reproduction) even if there is a slight break in data
reading as a result of the read head (optical pickup) 2006
jumping to move between logic séctors LS on the disk. In

25 an actual reproduction apparatus, however, the jump'time



this period, however, and the accunul ated data vol unme VvVd 15 remaining in
the stream buffer 2400 decreases at the rate at which data is transferred
to the decoders, i.e., transfer rate Vo. Note that while the transfer rate
Vo to the decoders is shown in Fig. 32 as a constant rate, data 20
transfers to the decoders actually occur intermttently because the
decoding tine varies according to the data type. These differences are
omtted to sinply this description of the buffer underfl ow concept. This is
equi val ent to the readi ng head 2006 readi ng data 25 intermttently

during the junp period Tj, even through i1¢ge.- -101 - PCT/IP96/02806
PCT/ JP96/ 02806 readi ng head 2006 continuously reads fromthe optical disk M

at a constant |inear velocity (CLV). The slopes L1 and L2 of lines L1 and
L2 above can be expressed by the foll ow ng equations. 5 L1 = Vr -
Vo [1] L2 = Vo [ 2]
Under fl ow occurs, and decodi ng stops, when the junp period Tj is |long

enough for streaaybybig’ nedlend R mbed fard'® I988 diffdriiing dgodletrk t 0
| ess than the tinme 10 required for the stream buffer 2400 to enpty,

however, decodi Qg stahceond possititlordaihe idilsk Mipt iniSle Tt sid ipEsfible
whi ch the reading head 2006 can junp to another disk position wthout a
data underfl ow $atweoa@c swtricagr uffer 2400 with capacity sufficient to
absorb this jump time, the compression bit rate is an
5 - average 4 - 5 Mbps and a maximum 10 Mbps when using a
large-capacity optical disk M stofing high quality images.
Assuring seamless reproduction when jumping from any disk
position to any other with this system imposes significant
memory requirements, resulting in an expensive decoder DC.
10 Because the amount of memory that can be built in to the
decoder DC is therefore limited if a cost-effective product
is to be ﬁarketed, other limitations are imposed, e. g.,
limiting the jump time to a time whereby data can be
continuously reproduced.
v 15 _ The relationship between the accumulated data
quantity in the stream buffer 2400 and the operating mode
of the reading head 2006 is shown in Fig. 32. In Fig. 32,
period Tr is the period during which the optical pickup
reads data from the optical disk RC, and period Tj is the
20 jump period during which the optical pickup moves between
logic sectors. Line L1 expresses the change in data volume
Vd stored in the stream buffer 2400 during the data read
period Tr. Line L2 expresses the change in data volume Vd

stored in the stream buffer 2400 during the jump pgriodjTj.



the streambuffer 2400 is referred to as the junp-enabled 15 time. Note
that while physical novenent of the reading head 2006 has been described as
a factor causing a data underflow state in the stream buffer 2400, the
followi ng factors also contribute. Note, further, that this data 20
underfl ow state can be sinply characterized as a condition in which data

I nput to the track buffer (stream buffer 2400) does not .keep pace with data
output fromthe track buffer. a) The buffer is too snall relative to the
decodi ng 25 speed of the decoder. -102 -

PCT/ JP96/ 02806 b) The sizes of the indigpdual input units ofpQH7¥P9¥/02806
VOB types carried in the reproduced bitstream St61 input to the stream

buf fer 2400 fromthe bitstream producer 2000 are inappropriate for the
buffer size. 5 c) The sequence of the individual input units of
the plural VOB types carried in the reproduced bitstream St61 is

| nappropriate for the decoding speed, resulting in the next data unit to be

decoded not being receive u C d d t
data unit, 10 B e E e BB ey Fplid e

vi deo di sk 5y5t§6®65r698§'Gaﬁﬁdfbbhhtﬁedb§%lhﬁiddﬁ%kEMDEtlkﬂﬂﬂttaﬁhﬂEKInum
AV data conpression rate of 10 Mops, and track buffer (stream buffer
2400) capacity patd Wh|tandf stores the read data directly to the stream
buffer 2400. The stream buffer 2400 suppligs the data to
5 the decoders 3801, 3100,'and 3200 at the transfer rate Vo.
As a result, data accumulates in fhe stream buffer 2400
during the data read period Tr at the rate Vr-Vo, i.e., the
difference between these two transfer rates.
Because the reading head 2006 is moving to access
10 a different disk position during the jump period Tj, data
read from the optical disk M cannot be stored to the stream
buffer 2400. Data continues to be output from the stream
buffer 2400 to the decoders 3801, 3100, and 3200 during
this period, however, and the accumulated data volume Vad
. 15 remaining in the stream buffer 2400 decreases at the rate
at which data is transferred to the decoderé, i.e.,
transfer rate Vo.
Note that while the transfer rate Vo to the
.decoders is shown in Fig. 32 as a constant rate, data
20 transfers to the decoders actually occur intermittently
because  the decoding time varies according to the data
type. These differences are omitted to simply this
description of the buffer underflow c§ncept. This is
equivalent to the reading head 2006 reading data

25 'intermittently'during the jump period Tj, even through the



exanpl e, a data underflow state will occur. To prevent 15 this data
underfl ow state fromoccurring during the junp period Tj in a reproduction
apparatus thus configured with slight overflow control maintained during
normal conti nuous playback, a maxi nmum junp-enabled tine of 400 nsec can be
assured even in a worst-case scenari o where 10 Mps of AV 20 data is
reproduced during the junp period. Note that a junp-enabled tinme of 400
nsec is a realistic value that can be achieved in actual reproduction
apparatuses. In such an apparatus the distance that can be junped during a
400 msec period is approximtely 500 25-101-tracks. It foll OIECTHB?WPR%%
junp-enabled tinme can al so be -103 - ' : PCT/ JP96/ 02806
defined in data quantity terns, specifically the volume of the sequenti al
data streamthat the reading head 2006 can nove through within the.
junp-enabl ed time. The data vol une equivalent to a 400 nsec junp-enabl ed
tinme is approximtely 5 250 Moits. It will also be obvious that the
actual di st ancereaddagt beagh@o06cenhinueusiv meads dufimEhe dpkicah dish
be easily obtained fromthe data yvol une defined as the junpabl e di.stance

based on the reMoR# AgPRsteRtadd nearsivielasiityhd GI80or diThe rieteRAF bb and

assumi ng. AV dat Lt B el Lt 2 i AR o (29 SEFARATH GBS ghor
quality AV dat afotlti%w&rn%s%rgu%ttii%r}‘st.i me is less than 50 sec. In novies and
5 Ll = Vr - Vo | (1]

L2 = Vo | ' [2]

Undé:flow occurs, and decoding stops, when the
jump period Tj is long enough for stream buffer 2400 to
empty. If the jump period Tj is held to less than the time

10 required for the stream buffer 2400 to empty, however,
decoding can continue without data interruptions. This
time at which the reading head 2006 can jﬁmp to another -
disk position without a data underflow state occurring in
the stream buffer 2400 is referred to as the jump-enabled

15 time. | '

Note that while physical movement of the reading

"~ head 2006 has been described as a factor causing a data
underflow sﬁate in the stream buffer 2400, the following
factors also contribute. Note, further, that this data

20 underflow state can be simply characterized as a condition
in which data input to the track buffer (stream buffer
2400) does not keep pace with data outpﬁt from the track
buffer.

a) The buffer is too small relative to the decoding

25 speed of the decoder.



other data streans edited to renove particul ar scenes due 15 to
cultural, educational, or other reasons, the excised scenes are typically
l ong, usually ranging from2 to 5 mnutes, and even as |long as 10 m nutes.
If the excised scene lasts 5 mnutes, for exanple, with the above
reproduction apparatus, it is not possible to 20 uni nterruptedly
connect the scenes before and after an excised scene if the before scene,
exci sed scene, and after scene are recorded to disk in a single contiguous
series. Mire specifically, the data corresponding to a continuous 5 m nut
scene cannot be junped in a single junp-df@ration. -104 - PCT/JP96/02806
PCT/ JP96/ 02806 There are al so cases in which the AV data conpression rate,
i.e., the consunption rate Vo of data fromthe track buffer, approaches 10
Mops and non-occurrence of a buffer underflow state cannot be 5

assured, even when the excised scene data is junped using a junp period T
exceedi ng 400 nsec. Wile such a data underflow state can concei vably. be
avoi ded by recordi ngbjwo AWedatizew eyfritos, indziduwsdi guiy etiitsl)ofinthe
un-exci sed (unedited) scenarios, to disk, this nmethod does not make 10

ef fective use opluralaVeH Mp@sjlcarrc:aepiaan ythe |feproduced doitrieeam §téd
record duplicate data for nuch presentation tlne the AV data will be | ow
quality and it WPRthEithe Ehxeam huffey yz"rﬂ)%t £y rthe RS . prm@ucer

concept of sharing data hetween plural itl
P %0 arel%nappro riate é é%e buffer size.

. 5 c) The sequence of the individual input units of the

N~ plural VOB types carried in the reproduced bitstream Sté1
is inappropriate for the decoding speed, resulting in the
next data unit to be decoded not being received in
sufficient time while decoding a particular data unit.

10 When the reproducing apparatus of the digital
video disk system is configured with a disk read rate of 11
Mbps, a maximum AV data compression rate of 10 Mbps, and a
track buffer (stream buffer 2400) capacity of 4 Mbits, for
example, a data underflow state will occur. To prevent

15 this data underflow state from occurring during the jump
period TJ in a reproduction apparatus thus configured with
slighﬁ overflow control maintained during normal continuous
playback, a maximum jump-enabled time of 400 msec can be
assured even in a worst-case scenario where 10 Mbps of AV

20 data is reproduced during the jump period.

Note that a jump-enabled time of 400 msec is a
realistic value that can be achieved in actual reproduétion
apparatuses. In such an apparatus the distance that can be
jumped during a 400 msec period is approximately 500

25 tracks. It follows that the jump-enabled time can also be



15 I s- described below with reference to Fig. 33 wherein TL1 and TL2
refer to the data content of a first and second title, respectively.
Specifically, the first title TL1 consists of data DbA, DbB, and DbD
reproduced contiguously during tifre T, and the second title TL2 simlarly
consi sts 20 of -data DbA, DbC, and DbD reproduced contiguously during
time T. Note that data DbA, DbB, DbC, and DbD are video objects VOB with
display times T1, T2, T2, and T3, respectively. Wen two titles TL1 and TL2
t hus conprised are recorded to disk, the data streamis structured with 25
data DbA and DbD as shared data of both-ti0Bl-es TL1 and TL2, PCT{B96/02806
PCT/ JP96/ 02806 and data DbB and DbC as the discrete data of titles TL1 and
TL2, respectively, selectively reproduced during selection period T2 as
shown by title TL1 2. Note that while there appears to be a tinme gap

bet ween the data blocks in Fig. 5 33, this is sinply to facilitate the
use of arrows in the figure for easier description of the data reproduction
pat hs. There is defimEdidln tdatm ga@mirtyndextresy b aspec ifiscd biyatheireotoye of
t hese data bl ocks DbA, DbB, DbC, and DbD are recorded to disk in title
TL1_2 to enabl e the segusntigiodatee mtokan thatftheorerd ing shead 2006 Fap.
34. In principle, data bl ocks DbA, DbB, DbC, and DbD conposing a_single
contiguous tit| &oHe W@Rﬂ%d’%@%rﬁh%‘)mw{%}ﬂ% Bime he %%ad"lﬁé%o?ﬂ?-ﬁge

]E Ir ?gi( TR(Fg. 9 qultha ént a{:—[ & an4Afio [I)nbsBec ajudmpD-be[l)'la(glefé r‘l?:ll.mé | {sl', ea;-arpl'?r.loggl%ately

5 250 Mbits. It will also be obvious that the actual
distance in sector and track units on the recording medium
can also be easily obtained from the data volume defined as

" the jumpable distance based on the recording method and
density of tﬁe recording medium.

10 A 250-Mbit jumpable distance is equivalent to a
50 sec. presentation time assuming AV data repfoduced at
an average 5 Mbits/sec. With even higher quality AV data,
the presentation time is iess than 50 sec. In movies and
other data streams edited to remove particular scenes due.

15 to cultural, educatiénal, or other reasons, the excised
scenes are typically long, usually ranging from 2 to 5
minutes, and even as long as 10 minutes. If the excised
scene lasts 5 minutes, for example, with the above
feproduction apparatus, it is not possible to

20 uninterruptedly connect the scenes befpre and éfter an
excised scene if the before scene, excised scene, and after
scene are recorded to disk in a single contiguous serieé.
More specifically, the data corresponding to a continuous 5

minute scene cannot be jumped in a single jump operation.



15  recorded contiguously, and are followed by data DbC unique to the
second title TL2. Wth this data format, the first title TL1 can be
contiguously reproduced without breaks in the title content, .i.e.,

seanl essly, by neans of controlling the reading head 2006 to access data
DbA, DbB, 20 and DbD synchroni zed to playback periods T1, T2, and T3,
respectively. To reproduce the second title TL2, however, the readi ng head
2006 nust junp past data DbB and DbD after reproducing data DbA in period
T1, and nust reach data DbC 25 before the start of period T2 as shown by
arrow Sg2a in -106 - " PADPAIPI6/ 02806 Fig. 34 PAHIRIE/028Q6
reproduci ng data DbC, the readi ng head 2006 nust junp back to data units
DbC and DbD as shown by arrow Sq2b, and reach data DbD before the start of
period T3. Because of the tine required to nove the reading head 5 2006
bet ween data bl ocks, it is not possible to assure seanl ess reproduction

bet ween data DbA and DbC, and between DbC and DbD, unless the distance
travel ed between these datThereocre rdme casdsesin twhisch khe tARE date
required for a data underflow state to occur in the stream buffer 2400. 10
Definition of | coBpressien Tatehud -erablthe eonsmption arake Vel 9f datae
scenes and choose from anong_plural scenes, a _state wherein pon-selected
scene data is r &&GMi&re fIracke Pufderoe RRIFARTRES M MRRS sel ective

scene data necessarily occurs -
non-oééurrence of a buffer underflow state cannot be

5 assured, even when the excised scene data is jumped using a
jump period TjJ exéeeding 400 msec. While such a data
underflow state can conceivably be avoided by recording two
AV data scenarios, i.e., excised (edited) and un-excised
(unedited) scenarios, to disk, this method does not make

10 effective use of ihe availabie disk capacity. If it is
also necessary to record duplicate data for much
presentation time, the AV data will be low quality and it
will be difficult to satisfy most user expectations.

The concept of sharing data between plural titles

15 is described below with reference to Fig. 33 wherein TL1
and TL2 refer to the data content of a first and second
title, respectivel&. Specifically, the first title TL1
consists of data DbA, DbB, and DbD reproduced contiguously

. during time T, and the second title TL2 similarly consists
20 of data DbA, DbC, and DbD reproduced contiguously during

' time T. Note that data DbA, DbB; DbC, and DbD are video
objects VOB with display times T1, T2, T2, and T3,
respectively. When two titles TL1 and TL2 thus comprised
are recorded to disk, the data stream-is structured with

25 data DbA and DbD as shared data of both titles TL1 and TL2,



15 because the data units associated with individual scenes are
contiguously recorded to the recording tracks of the recording nmedium |f
data is then read in the recorded sequence, non-sel ected scene data nust be
accessed before accessing and decodi ng the sel ected scene data, and 20
seanl ess connections with the selected scene is difficult. The excellent
random access characteristics of the digital video disk system however,
make seamnl ess connections with the sel ected scenes possible. In other
words, by splitting scene-specific data 25 into plural units of a -
speci fied data size, and -107 - - 105 - PCT/ JP96/ 0 PSTIEIP96/02806
interleaving plural split data units for different scenes in a predefined
sequence that is recorded to disk within the junping range whereby an data
underfl ow state does not occur, it is possible to reproduce the sel ected
scenes 5 wi thout data interruptions by intermttently accessing and
decodi ng the data specific to the selected scenes using these split data
uni ts. Seanl essandt datapbbBuahdoDbCsakhehebyiisereteddabat aifl dd tefs MLl amd
of Interleaving 10 . The seanl ess connection nethod and data
splitting and aFbayi ngspeatéyedyef sehecpivedyt repreduced durismss selnation
bel ow using the track buffer input transfer rate Vr_and data consunption
rate Vo descri bRer&88vE2 REf ShPWAgbYghikleoTELg2 - 32 Notre thats Widau ke

appears to be a time gap between the data blocks in fig.

5 33, this is simply to facilitate the use of arrows in the
figure for easier description of the data reproduction
paths. There is no actual time gap during playback.

The format whereby these data blocks DbA, DbB,
DbC, and DbD are recorded to disk in title TL1_2 to enable

10 contiguous reproduction of the data is shown in Fig. 34.
In principle, data blocks DbA, DbB, DbC, and DbD composing
a single contiguous title are recorded to contiguous
segments of the dafa recofding track TR (Fig. 9). Thus,
data DbA, DbB, and DbD of first title TL1 are first

w2 15 recorded contiguously, and are followed by data DbC unique

to the second title TL2. With this data format, the first
title TI1 caﬁ be contiguously reproduced without breaks in =
the title content, i.e., seamlessly, by means of
cohtrolling the reading head 2006 to access data DbA, DbB,
20 and DbD synchronized to playback periods T1, T2, and T3,
respectively.
To reproducé the second title TL2, however, the
reading head 2006 must jump past data DbB and DbD after
reproducing data DbA in period Tl1, and must reach.data DbC

25 before the start of period T2 as shown by arrow Sg2a in



15 rate Vo is less than the transfer rate-Vr (Vr > Vo). Using this

di fference, a known data volume is read at the transfer rate Vr, buffered
to the track buffer and stored, and is then consunmed (output to the
decoder) while the optical pickup noves to the position of the next read
data. 20 To prevent a data underflow state even after nultiple.
repetitions of this operation, split data units for a defined vol une of
data for each scene are distributed at an appropriate interval. This nethod
of arraying data to assure sean ess data reproduction is called
"interleaving," 25 the split data unil®&-of a size suffici ®IT/TRA6/02806
buffering to -108 - PCT/ JP96/ 02806 the track buffer are
called "interleave units,” and the interleave units after interleaving are
called "interleaved units.” Wen one scene is selected from plural scenes,
5 interleave units are required for the plural video objects VOBs
conposi ng those plural scenes. Two interleaved units |ILVU contiguous on the
time-base and beigngsag tThéheagsebeciregroaasingr asapdbal ethey read oy Measd
interleaved units I LVU bel onging to another scene inserted 10

t her ebet ween. Jt@6 dinsstingempebaskntowdatanenhisebbGnandudbd ast ehiovay day
units I LVU belonging to the sanme scene is defined as the interleave

di stance. For exen@¥eSd2bo andcreschedatreBbbobafereltheostaad 6fs ReXIRA an

optical disk recording medium_ |f this ) ,
T3. Because of the time required to move the reading head

5 2006 between data blodks, it is not possiblé to assure
seamless reproduction between data DbA and DbC, and between
DbC and DbD, unless the distance traveled betweén these |
data blocks requires less time than the time required for a
data underflow state to occur in the stream buffer 2400. |
10 Definition of Interleaving |
To thus enable the user to selectively excise
scenes and choose from among plural scenes, a state wherein
non-selected scene data is recorded inserted between common
scene data and selective scene data necessarily occurs
- 15 because the data units associated with individual scenes
. are contiguously recorded to the recording fracks of the
recording medium. If data is then read in the recorded
sequence, non-selected scene data must be accessed before
accessing and degoding the selected scene data, and
20 seamless connéctiqhs with the selected scene is difficult.
The excellent random access characteristics of the digital
video disk éystem, however, make seamless connections with
the selected scenes possible. |
In other words, by splitting scene-specific data

25 into plural units of a specified data size, and



15 10, 000- sector novenent of the optical pickup is the interleave unit

di stance, the size of the interleaved units |ILVU can be determ ned fromthe
di fference between the track buffer input and output transfer rates Wr and
Vo, and the size of the track buffer. Let us assune, for exanple, 20

that conpressed data is being output at a constant rate using an input
transfer rate Vr of 11 Mops and an output transfer rate Vo of 8 Mips, and a
track buffer capacity of 3 Mits. If the distance between interleaved units
ILVU is 10,000 sectors, there nust be enough interleaved units |LVU 25

to input to the track buffer to accunul al®7therein a -109 PCT/IP96/02806
PCT/ JP96/ 02806 260- nsec equi val ent of playback data before the readi ng head
noves. In general, 2080 Kbits is equivalent to 260 nsec of playback data.
To store this nmuch data to the track 5 buffer before noving between
interleaved units 1LVU, source data nust be input to the track buffer for
0.7 sec. at the difference between transfer rates \r and Vo (= 2080
Kbit/(11-8) Miisterteavihg piluradespddtt dataasndisuflors diiffersata sfcemeas he
recording nediumMto store sufficient 10 data to the track buffer to
provi de for datincanpuegefinedysepuenceotbatutisl Fecwrdgst iteald iske prifhin
noving to the target interleaved unit |LVU and can resunme data .reading is
defined as the Fhfi dBRPABFURARGE WRereRy ameatehanderithow ishate dors nah t

size, i.e., the cr . '
) occur, it is possible to reproduce the selected scenes

5 without data interruptions by intermittent1§ accessing and
decoding the data specific to the selected scenes using
these split data units. Seamless data reproduction is
thereby assured.

Detailed Definition of Interleaving

10 The seamless cohnection method and data splitting -
and arraying concepts of the present invention are
described below using the track buffer input transfer rate
Vr and data consumption rate Vo described above.

Referring again to Fig. 32, the data consumptioﬁ

15 ° rate Vo is less than the transfer rate Vr (Vr > Vo). Using
this difference; a known data volume is réad at the
transfer rate Vr, buffered to the track buffér and stored,
and is then consumed (output to the decoder) while the
optical pickup moves to thé'position of the next read data.

20 To prevent a data underflow state even after multiple
repetitions of this operation, split data units for a
defined volume of data for each scene are distributed at-an
appropriate interval. This method of arraying data to
assure seamless data reproduction is called "interleaving,"

25 the split data units of a size sufficient for buffering to



15 amount of data that nust be read, is therefore 7.7 Mits. Converted
to presentation tinme, this makes it possible to interleave units with a
presentation time of 0. 96 sec. or greater with presentation tinme intervals
| ess than 20 sec. between interleaved units. By reducing the system stream
20 consunption bit rate, the m nimumaccunul ation read tinme can be
reduced, and the size of the interleaved units can be reduced. It is also
possible to increase the junpable tine w thout changing the interleaved
unit size. One nmethod of connecting scenes is shown in Fig. 25 35 where
the follow ng scenarios are possible: sedf@-A - 110 - PCT/TP96/02806
PCT/ JP96/ 02806 connected to scene D; scene A connected to scene B, which is
substituted for a certain tinme segnent of scene D; and scene A connected to
scene C, which is.simJarly substituted for a certain tine segnent of scene
D but for a 5 different tine segnment than scene B. 1In such cases,
scene D is further blocked into scene segnents (scenes) D1, D2, and D 3.
The system st r eahectraekpbuadfifer arescaldedB!ibtérlEéaventinits,i's antke the put
system stream output at transfer rate Vo (= 8 Mips). Data is input to the

track buffer at inGerlepvgnyndtsr afdewr interlepyivg are Igalled ldntepignted
B, D1, C D 2; the data size of each scene is greater than the above val ue-
(= 0,96 sec.), Hhdt€al be arrayed within the distance that can be junped

between connected scenes %%e%?%%g %%%n%b%g?Selected from plural scenes,

5 interleave units are required for the plurai.video objects
VOBs composing those plural scenes. Two interleaved units
ILVU contiguous on the time-base and belonging to the
selected scene are separated by one or more interleaved
units ILVU belonging to another scene inserted

10 therebetween. The distance between two
time-base-contiguous interleaved units ILVU belonging to
the same scene is defined as the interleave distance.

For. example, 260 msec is required to move 10,000

sectors using an optical disk recording medium. If this

15 10,000-sector movement of the optical pickup is the
interleave unit distance, the size of the interleaved units
ILVU can be determined from the difference betweeﬁ the
track buffer input and output transfer rates Vr and Vo, and
the size of the track buffer. Let us assumé, for.example,

20 that compressed data is being output at a constant rate
using an input transfer rate Vr of 11 Mbps and an 6utput
transfer rate Vo of 8 Mbps, and a track buffer capacity of
3 Mbits. If the distance between interleaved units ILVU is
10,000 sectors, there must be enough interleaved units ILVU

25 - to input to the track buffer to accumulate therein a



15 However, when scenes with the sane starting points but
different end points, e.g., scenes B, C, and Din this exanple, are
interl eaved, three different system streans becone interleaved during the
period corresponding to scene D-1, two system streans becone interl eaved
during 20 the period corresponding to scene D-2, and processing tends
to becone conplex. It is therefore nore comon when interleaving plura

vi deo objects VOB to interl eave objects having the sanme starting and end

points, thus sinplifying processing. This can be acconplished_as shown in
Fig. 36 25 by copying and appendi ng-468ne D-2 to scene C SICFJBI6/62806
- 111 - PCT/ JP96/ 02806 t hereby unifying the points at which
pl ural scenes diverge and connect, i.e., the starting and end points, with
plural interleaved video objects VOB. Wen interleaving branching and
connecting scenes in the digital video disk system 5 therefore, the

scenes are interleaved with the starting and end points thereof ali ned.
The interl eavi ng60ensept exmivadentbef iplayieicke dagat defdre dhe Wrading
audi 0-vi deo (AV) system stream descri bed 10 above is one exanpl e of

i nterl eavi ng wi headi meviesf.ormati on. This interleaving nethod arrays audio

and video information having the sane tine-bgse so that, d%%? iQPuh%%@ t he
buffer at approxi mately tH® g8ReT@lne 2080 Kbifwsiis, eiyatanty * Lok in-

uni ts having ap%%oéﬁg%ESEﬁ %g aﬁam%émg¥g¥gigﬂf¥1much data to the track
5 buffer before moving between interleaved units ILVU, source
o’ data must be input to the tfack buffer for 0.7 sec. at the
difference between transfer rates Vr and Vo (= 2080
Kbit/(11-8) Mbits/sec). The time needed to read enough
source data from the recording medium M to store sufficient
10 daﬁa to the track buffer to provide for data consumption by
the decoder while the optical pickup is moving to the.
target interleaved unit ILVU and can resume data reading is
defined as the minimum accumulation read time.
The-minimum interleaved unit size, i.e., the
15 amount of data that must be read, is therefore 7.7 Mbits.
Converted to presentation time, this makes it possible to
interleave units with a presentation time of 0. 96 sec. or
greater with presentation time intervals less than 20 sec.:
between interleaved units. By reduciﬁg the system stream
20 consumption bit rate, the minimum accumulation read time
can be reduced, and the size of the interleaved units can
lbe reduced. It is also possible to increase the jumpable
‘time without changing the interleaved unit size.
One method of connecting scenes is shown in Fig.

25 35 where the following scenarios are possible: scene A



15 time are arrayed in alternating sequence. Wen one scene can be

repl aced with another scene in titles such as novies, however, the tine

bet ween these plural scenes often differs. Wen the AV system stream

i nterl eaving nethod descri bed above is applied in such cases, the

bet ween-scene 20 time difference can be absorbed by the buffer if it is
within the junpable tinme. If the between-scene tine difference is greater
than the junpable tinme, however, the buffer cannot absorb the difference
and seanl ess playback is not possible. -112 -

PCT/ JP96/ 02806 If the track buffer size-idQi-ncreased to | ncr ed™ETAPO6/A2B06
of data that can be accunul ated at one tine, a |longer junpable tine is
obtained, and the interleave unit and sequence are nore easily determ ned.
When interactive 5 operation enabling the user to select from anong
plural scenes (e.g., multi-angle scenes) with seanl ess pl ayback, the
presentation time of the previous angle streamis increased after the angle

(stream) is chaggeghddtddad HRiNLDehdEld R |dofihctted RS dE8MEe B ANGhiER

amount of 10 . data stored at one tine is increased. This also results in

nore tinme bei ng isegubstd Hutted Fordias Wextairs (T imgn deymidrangef sades | BAVANRG

I's thus the process of optim zing the system stream arrangenent in data

bl ock units to &®ene @y coamectedatto wubnd |Qw vitixthe ¥s aimicarky ng |n t he

track substituted for a certain time segment of scene D but for a

5 different time segment than scene B. In such cases, scene

D is further blocked into scene ségments (scenes) D-1, D-2,
and D-3. The system stream corresponding to scenes B, D-1,
C, and D-2 is the output system stream output at transfer
~rate Vo (= 8 Mbps). Data is input to the track buffer at

10 transfer rate Vr (= 11 Mbps) in the scene sequence B, D-1,

C, D-2; the data size of each scene is greater than the
above value (= 0,96 sec.), and can be arrayed within the
distance that can be jumped between connected scenes as
described above.

. 15 However, when scenes with the same starting
points but different end points, e.g., scenes B, C, and D
in this example, are interleaved, three different system
streams become interleaved during the period corresponding
to scene D-1, two system streams become interleaved during

20 the period corresponding to scene D-2, and processing tends
to become complex. It is therefore more common when
interleaving plural video objects VOB to interleave objects
having the same starting and end points, thus simplifying

processing. This can be accomplished as shown in Fig. 36

25 Dby copying and appending scene D-2 to scene C of Fig. 35,



buffer of the authoring decoder DC when the encoded data supplied fromthe
stream source i s consuned for decoding by the decoder. A mmjor cause of
this data underflow state is the 20 “mechani cal novenent of the optical

pi ckup, though there are | esser factors such as the decodi ng speed of the
comuni cati ons (decodi ng) system Mechanical novenent of the optical pickup
Is a problemwhen the optical pickup scans the data recording track TR of
the optical disk Mto 25 read data. Interleaving is also needed when
recording the -113 - PCT/ JP96/ 02806 data to the data
recording track TR of the optical disk MIIThe decodi ng speed JPCTHB96/02806
communi cations system can al so becone a probl em when the source streamis
supplied directly as occurs with live broadcasts, cable television 5

and ot her dedicated |ine transm ssions, broadcast satellites and other
radi o wave transm ssions, and other neans whereby title content is not
reproduced froma recordi ng mediumon the user's side. In such cases the
transmitted southershycamifisingehentperima/ et wilich plural scenes diverge
Interleaving can thus be nore specifically defined as the process_ whereby
the data carri e@néh com@Ftoe iste-carhit@fiartiing angd endpelntaupsith plural
contiguously input squrce data blocks is arranged in a particular sequencge
wher eby t he desiMEETAEAVGE ddde griechs ¥Bm dihen interlgaying (krepghind

sequentially aC%%%S%%r}noec OJ'.r};[g! %Oelf'lselg in the digital video disk systen,

5 therefore, the scenes are intefleaved with éhe starting and
end points thereof aligned.
The interleaving concept is described in further
detail below.
The audio-video (AV) system stream described
10 above is one example of interleaving with time information.
This interleaving method arrays audio and video information
having the same time-base so that déta input to the buffer
at approximafely the same time is in physical proximity,
and data units having approximately the same presentation
. . .13  time are arrayed in alternating sequence. When one-scene
can be replaced with another scene in titles such as
movies, however, the time between these plural scenes often
differs. When the AV system stream interleaving method
described above is applied in such cases, the between-scene
20 - time difference can be absorbed by the buffer if it is
.within the jumpable time. If the between-scene time
difference is greater than the jumpable time, however, the
buffer cannot absorb the difference and seamless playback

is not possible.



reproduce the information in the targeted source data. The duration of
these intermttent breaks in the input of the target source data that is to
be reproduced is therefore defined as the junp tine of the interl eave
control. 20 It should be noted, however, that an interleaving
met hod for arraying on a random access di sk novies and other common titles
contai ni ng scene selections that may branch and reconbi ne according to
various scenarios in a nmanner whereby video objects VOB containing video
data 25 conpressed with variable | ength coding has not been -114 -
PCT/ JP96/ 02806 described. Wen arraying-iis type of data to HGHIPH/02806
certain anount of trial and error is required using the conpressed data.
This obviously nmakes it necessary to define an interleaving method for
arranging plural video 5 objects in a sequence enabling seanl ess

pl ayback. Wen applied to a DVD system as descri bed above, these video-
objects are distributed to positions (navigation packs NV) within a
specific time-base range mfuttedtibrcEOBufifierssikie isniincyeasegedaldincrease
conpressi on. 10 The GOP data | ength, however, may vary as a result of
user - defi ned i nthye amoiptl afi datpr sbetsesnobe accamulated. ad ne sidted
for higher image quality. This neans that the |ocation_ of the nagemnment
packs (navi gati dangeEkIuNpRblehtineais gbkadaes: @pch W 1Y ays Jpit

tinme, can vary. 15 Thi s nmeans that the _point at .which the scene an
changes y and sequence are more easﬁl@ de%ermlned. er G ef%é%f%e

5 operation enabling the user to select froﬁ émong plural
scenes (e.g., multi-angle scenes) with seamless playback,
the presentation time of the previous angle stream is
increased after the angle (stream) is changed if the
interleaved units IﬁVU are made longer and the amount of

10 data stored at one time is increased. Thié also results in
more time being required for the displayed stream to
change. | |

Interleaving is thus the process of optimizing
the system stream arrangement in data block units to

15 . prevent a data underflow state from occurring in the track
buffer of the authoring decoder DC when the encoded data
supplied from the stream source is consumed for decoding by
the decoder.

A major cause of this data underflow state is the

20 mechanical movement of the optical pickup, though there are
lesser factors such as the decoding speed of the
communications'(decodiﬁg) system. Mechanical movement of
'the optical pickup is a problem when the optical pickup
scéﬁs the data recording track TR of the optical disk M to

25 read data. Interleaving is also needed when recording the



or the optical pickup junps to the next data block in the playback sequence
Is indefinite. Furthernore, if plural scene angles are interleaved
together, the length of contiguously read data is indefinite even if the
next junp 20 point is known. Thus, the data end point position is known
only after the next angle data is read, and swi tching the playback data is
t hus del ayed. The present invention therefore provides a nethod and
apparatus enabling seamnl ess data reproduction using an 25 optical disk
havi ng a data structure whereby data is shared -115 -

PCT/ JP96/ 02806 between plural titles to-dfifi-ciently utilize tRCBHIPO4/0D806
optical disk space, and a new function called "nulti-angle scene
reproduction” is achieved. The nethod and apparatus of the present

i nvention are described belowwith reference to 5 - the acconpanyi ng
figures. Interleaved block and Interleave unit. The interleaving nethod
enabl i ng seanl ess data reproduction according to the present invention is

described bel onvautahtboetaecnatat @ebodraizd 2FAcK R 3F the optIam dikiinM.

24 is a case fromwhich three scenarios nay be derived, i.e., branching

from one vi deo Pheedecuing speede off thlel icommundea tdonec systah ban/@X o

and VOB-D, and then nerging back again to a single video object VOB-E. The

actual arrangenkecone shprebilepcwhenetivedsdurcen stateam 3s supgddradl ng track

TR on disk is shown in Fig. 37. . S
directly as occurs with live broadcasts, cable television

5 and other dedicated line transmissions, bro;dcast
satellites and other radio wave transmissions, and other
means whereby title tontent'is not reproduced from a
recording medium on the user’s side. In such cases the
transmitted source stream must be interleaved.

10 Interleaving can thus be more specificaliy
defined as the process whereby the data carried in a source
stream comprising source data groups of plural contiguously
input source data blocks is arranged in a particular
sequence whereby the desired (targeted) source data can be

w 5 intermittently and sequentially accessed to contiguously

repfoduce the information in the targeted source data. The
duration of these intermittent breaks in the input of the
target source data that is to be reproduced is therefore
defined as the jump time of the interleave control.

20 It should be noted, however, that an interleaving
method for arraying on a random access disk movies'and
other common titles containing scene selections that may
branch and recombine according to various scenarios in a

manner whereby video objects VOB containing video data

25 . compressed with variable length coding has not been



Referring to Fig. 37, VOB-A and VOB-E are video objects wi th independent

pl ayback start and end tines, and are in principle arrayed to conti guous
bl ock regions. As shown in Fig. 24, the playback start and end tinmes of 20
VOB-B, VOB-C, and VOB-D are aligned during interleaving. The interl eaved
data bl ocks are then recorded to disk to a contiguous interleaved bl ock
regi on. The contiguous bl ock regions and interl eaved bl ock regions are then
witten to disk in the track path Dr direction in the playback 25
sequence. Plural video objects VOB, i.e., interleaved -116 -

PCT/ JP96/ 02806 vi deo objects VOBS, arraygd4to the data recor dipQI/fPesre2808
are shown in Fig. 37. Referring to Fig. 37, data regions to which data is
continuously arrayed are called "blocks,"” of which there 5 are two
types: "contiguous block regions” in which VOB with discrete starting and
end points are contiguously arrayed, and "interleaved bl ock regions" in
which plural VOB with aligned starting and end points are interleaved. The

respective bl ochesarepant. aywﬂeﬁSai-ba%nkgntﬁl% t%%el Iibft ath0to allsiyback
sequence, i.e., block 1, block 2, block 3, . block 7. As shown in Fi g.

38, the VTS tittervakh éHGBﬁEVGBSkrﬁ&ﬂsa&H QErh&Od&Srhquiigd iy the
Block 1 contains VOB 1 alone. Blocks 2, 3, 5 and 7.simlarly 15
di scretely cont epnmpveBSegd, data6, Ehdsl&bViBMﬁd&sm@kea i% necessary to
define an interleaving method for arranging plural video
5 objects in a sequence enabling seamless plafback.
When applied to a DVD system as described above,
these video objects are distributed to positions
(navigation packs NV) within a specific time-base range
bounded by GOP units, the unit of video data compression.
10 The GOP data length, however, may vary as a result of
user-defined image manipulation processes or intra-frame
coding inserted for higher image quality. This means that
the location of the management packs (navigation packs NV),
which are dependent upon the presentation time, can vary.
. 15 This means that the point at'whiéh the écene angle changes
or the optical pickup jumps to the next data block in the
playback sequence is indefinite. Furthermore, if plural
scene angles are interleaved together, the length of
contiguously read data is indefinite even if the next Jjump
20 point is known. Thus, the déta end point position is known
only after the next angle data is read}_and switching the
playback data is thus delayed.
The present invention therefore provides a method

and apparatus énabling seamless data reproduction using an

25 optical disk having a data structure whereby data is shared



and 7 are thus contiguous bl ock regions. Block 4, however, contains VOB 4
and VOB 5 interl eaved together, while block 6 contains VOB 7, VOB 8, and
VOB 9 interleaved together. Blocks 4 and 6 are thus 20 i nterl eaved

bl ock regions. The internal data structure of the contiguous bl ock regions
is shown in Fig. 39-with VOB-i and VOB-j arrayed as the contiguous bl ocks
in the VOBs. As described with reference to Fig. 16, VOB-i and VOB-j inside

t he 25 contiguous block regions are further logically divided into -
117 - PCT/ JP96/ 02806 cells as the playback unit. Both VOB-
and VOB-j in this figure are shown conpril$$Rg three cel | s CELIPGHVJPI028062,
and CELL #3. Each cell conprises one or nore video object unit 5 VOBU
with the video object unit VOBU defining the boundaries of the cell. Each
cell also contains information identifying the position of the cell in the

program chain PGC (the playback control information of the digital video
di sk systen). Mre specifically, this 10 position information is the

address of the betwteAnpludal \Eikldd tbeeflicieAtlyl atshiwe theFagailable
these VOB and the cells defined therein are also recorded to a conti guous

bl ock regi on soophacatodtisjucpads ocksd aae nesntfiunahisy capledutedlti-angle

ReprodUC|ng t hese contiguous blocks is 15 therefore no problem _
scene reproduction" is achieved. The method and apparatus of
the present invention are described below with refefence to

s the accompanying figures. |
Interleaved block and Interleave unit

The interleaving method enabling seanlees data
reproduction according to the present invention is
described below with reference to Fig. 24 and Fig. 37.

10 Shown in Fig. 24 is a case from which three scenarios may
be derived, i.e., branching from one video object VOB-A to
one of plural video objects VOB-B, VOB-C, and VOB-D, and
then merging back again to a single video object VOB-E.

The actual arrangement of these blocke recorded to a data
v IS5 recording track TR on disk is shown in Fig. 37.

Referring to Fig. 35, VOB-A and VOB-E are video
objects with independent nlayback start and end times, and
are in principle arrayed to contiguous block regions. As
shown in Fig. 24, the playback start and end times of

.20 VOB-B, VOB-C, and'VOB-D are aligned during interleaving.

The interleaved data blocks are then recorded to disk to a
contiguous interleaved block region. The contiguous block
regions and interleaved block regions are then written to

disk in the track path Dr direction in the playback

25 sequence. Plural video objects VOB, i.e., interleaved



The internal data structure of the interleaved block regions is shown in
Fig. 40. In the interl eaved bl ock regions each video object VOB is divided
into interleaved units ILVU, and the interleaved units |LVU 20

associated wth each VOB are alternately arrayed. Cell boundaries are
defined independently of the interleaved units ILVU For exanple, VOB-k is
divided into four interleaved units ILVUk1l, |LVUk2, |LVWK3, and |ILVUk4, and
are confined by a single cell CELL#k. VOB-k is |ikew se 25 divided into
four interleaved units ILVUM, |LVU, |LVUNS, -118 -

PCT/ JP96/ 02806 and |ILVUM, and is confingbtbby a single cell CRPOBARIGRLIZHO6
that instead of a single cell CELL#k or CELL#m each of VOB-k and VOB-m can
be divided into nore than two cells. The interleaved units |ILVU thus
contains both audio and 5 video data. In the exanple shown in Fig. 40,
the interleaved units | LVUk1, |LVUk2, |LVWk3, and |LVUk4, and | LVUM,

| LVUn2, ILVUnB, and ILVUMWM, fromtwo different video objects VOB-k and

VOB-m are alterpagebyopseaysdvoBbhi are2ay@d tosthel datat eelcerddhdgitnEck T
interleaving the interleaved units ILVU of two video objects VOB in this
sequence, it isapesshbwa fin Bili.es@.seanl ess reproduction branching from
one scene to one of plural scenes, and fromone of plural scenes to _one
scene. This interleaving Beferrintutoh&igi537, dakpl &e&diens & which data

reproduction of scenes from various .
P is continuously arrayed are called "blocks," of which there

5 are two types: dcontiguous block regions" iﬁ which VOB with
discrete starting and end points are contiguously arrayed,
and "interleaved block regi§ns" in which plural VOB with
aligned starting and end points are interleaved. The
respective blocks are arrayed as shown in Fig. 38 in the

10 playback sequence, i.e., block 1, block 2, block 3, . . .
block 7.

As shown in Fig. 38, the VTS title VOBS
(VISTT _VOBS) consist of blocks 1 - 7, inclusive. Block 1
contains VOB 1 alone. Blocks 2, 3, 5, and 7 similarly

s 13 diséretely contain VOBS 2, 3, 6, and 10. Blocks 2, 3, 5,

and 7 are thus contiguous block regions.
| Block 4, however, contains VOB 4 and VOB 5
interleaved together, while block 6 contains VOB 7, VOB 8,
and VOB 9 interleaved together. Blocks 4 and 6 are thus
20 interleaved block regions.

The internal data structure of the contiguous
block regions is shown in Fig. 39 with VOB-i and VOB-j
arrayed as the contiguous blocks in the VOBs. As described

 with reference to Fig. 16, VOB-i and.VOB—j inside the

25 contiguous block regions are further logically divided into



scenario threads in nost cases. An alternative for achieving Interleaving
Seanl ess reproduction is even possible when there are three possible
scenario threads as showmn in Fig. 35 20 i.e., fromscene A to scene B,
and then to scene D-3 starting at sone mdpoint in scene D fromscene Ato
t he begi nning of scene D; and fromscene Ato scene C, and then to scene
D-2 starting at a mdpoint in scene Ddifferent fromD- 3. As shown in Fig.
36, it is also possible by 25 connecting before and after scenes (scene
D-2) to align the -119 - PCT/ JP96/ 02806 starting and end
points according to the data structure ol17he present inventi 8ET/NS6A02806t
this process of copying scenes to align the starting and end points nakes
it possible to seam essly reproduce even conplicated threading 5 of
different scenes. An interleaving algorithmconpatible with variable |ength
coded data An exanple of an interleaving algorithmconpatible with variable
| ength coded data, i.e., video 10 data, is described next. Wen plural
VOB are interl esyels &8cbh&/(Blagbheki aality dBoitHeWOBRtioankde VOB dar thhoid ar
nunber of interleave units. It is also possible to obtain the data vol une
(size) of each piguhesaper showhaconprtieingf thfee ceiliseCEIEy & luniGELIh#Ped

on the bit rate of the VOB to be
and CELL #3.
Each cell cbmprises one or more video obiéct unit

5 VOBU with the video object unit VOBU definiﬁg the
boundaries of the cell. Each cell also contains
information identifying the position of the cell in the
program chain PGC (the playback control information of the
digital video disk system). ﬁore specifically, this

10 position information is the address of the first and last
VOBU in the cell. As also shown in Fig. 39, these VOB and
the cells defined therein are also recorded to a contiguous
block region so that contiguous blocks are contiguously
reproduced.: Reproducing these contiguous blocks is

w B therefore no problem.

The internal data structure of the interleaved
block regions is shown in Fig. 40. In the interleaved
block regions each video object VOB is divided into
interleaved units ILVU, and the interleaved units ILVU

20 associated with each VOB are alternately arrayed. Cell
boundaries are defined independently of the intefleaved
'units ILVU. For example, VOB-k is divided into four
interleaved units ILVUk1l, ILVUk2, ILVUk3, and ILVUk4, and
are confined by a single cell CELL#k. VOB-k is likewise

25 divided into four interleaved units ILVUml, ILVUm2, ILVUm3,



interl eaved, the junp tine and di stance that can be junped within this junp
time, the track buffer capacity and the input rate Vr to the track buffer,
and the position of the video object unit VOBU. Each interl eaved unit

consi sts of 20 vi deo object units VOBU, each of which conprises one or
nore MPEG GOP with a data quantity equivalent to a 0.4 - 1.0 second
presentation tinme. Wien data is interleaved, the interleaved units |ILVU
form ng separate video objects VOB are alternately 25 arrayed. If any
of the plural interleave units interleaved -120 -

PCT/ JP96/ 02806 to the shortest of plurat118B is shorter than PEI/TRI6/03806
interleave unit length, or if the total length of- plural interleave units
in any but the shortest of plural VOB, is greater than the shortest

interl eave distance, an underflow 5 " state will occur when this shortest
I nterl eave VOB is reproduced, and non-seam ess reproduction will result

I nstead of seamnl ess reproduction. Before encoding occurs in the present

enbodi ment it ignaheretwap draecisi aedriheahdy ansdénbdavicedli CEIL#m. Note
possi ble. Wether i-nterleaving is possible can be determ ned fromthe

| engt hs of the phateinsteddsofeansing2eavedlt KELE#Keor @Ellﬁmerﬁaﬁhlﬂf can
thus be determ ned in advance, the need for data reprocessing, e.,. the.
need to adj ust VQE—knuedIE@BrmgceDnbﬁtdéﬁsdeﬁdlﬂ§@om@r&fF@Pni§w° cells.

i nterl eaving and encodi ng are _once conpl eted, can be,
The interleaved units ILVU thus contains both audio and

5 - video data.

In the example shown in Fig. 40, the interleaved
units ILVUk1, ILVUk2, ILVUk3, and ILVUk4, and ILVUm1l,
ILVUm2, ILVUm3, and ILVUm4, from two different video
objects VOB-k and VOB-m are alternately arrayed within a

10 single interleaved block. By interleaving the interleaved
units ILVU of two video objects VOB in this sequence, it is
possible to achieve seamless reproduction branching from
one scene to one of plural scenes, and from one of plural
scenes to one scene. This interleaving process further

15 enables seamless reproduction of scenes from various

| scenario threads in most cases.
An alternative for achieving Interleaving

Seamless reproduction is even possible when there
are three possible scenario threads as shown in Fig. 35,

20 i.e., from scene A to scene B, and then to scene D-3
starting at some midpoint in scene D; from scene A to the
beginning of scene D; and from scene A to scene C, and then
to scene D-2 starting at a midpoint in scene D different
from D-3. As shown in Fig. 36, it is also possible by

25 connectihg before and after scenes (scene D-2) to align the



prevented. The interleaving nethod for recording to an optical disk
according to the present invention is described specifically bel ow,
starting with the bit rate of 20 the recorded VOB and the perfornmance
and ot her conditions of the reproduced disk. Wen interleaving is applied,
the rel ationship between the track buffer input transfer rate VWr and out put
transfer rate Vo is defined as W > Vo as previously 25 described. The
maxi mum bit rate of each VOB to be -121 - PCT/ JP96/ 02806
interleaved is therefore set to less than the track buffer input transfer
rate Vr. The maxinumbit rate B of each-W¥B-is therefore set PECTTRG/02806
|l ess than Vr. If in the evaluation determ ning whether interleaving
enabling 5 " seaml ess reproduction is possible it is assuned that al
plural VOB to be interleaved are encoded with constant bit rate (CBR)
coding at the maximumbit rate, the interleave unit data volune is
maxi m zed, the tinme that can be reproduced fromthe data volune that can be
pl aced at the 18tartjingpahbeceddspaiatsi acebediagedo the data mtanictaure of
conditions are stringent. Note that it is assunmed below that each VOB is
encoded with cobhbBeaprebentr AnvepEBRh.coliotg &hathé&hisxprmemesist afataopyling
It is assumed in the follow ng description of the . )

scenes to align the starting and end points makes it

possible to seamlessly reproduce even complicated threading
5 - of different scenes.

An_interleaving algorithm compatible with variable length

coded data

An example of an interleaving algorithm
compatible with variable length coded data, i.e., video

10 déta, is described next.

When plural VOB are interleaved, each VOB is
basicaily divided into the same particular number of
interleave units. It is also possible to obtain-the data
volume (size) of each of this particular number of

;;/; 15 interleave units based on the bit rate of the VOB to be
interleaved, the jump time and distance that can be jumped
within this jump time, the track buffer capacity and the
input rate Vr to the track buffer, and the position of the
video object unit VOBU. Each interleaved unit consists of

20 video object units VOBU, each of which comprises'one or
more MPEG GOP with a data quantity equivalent to a 0.4 -
1.0 second presentation time.
When data is interleaved, the interleaved units
ILVU forming separafe video objects VOB are alternately

25 arrayed. If any of the plural interleave units interleaved



reproducti on apparatus that the distance the optical pickup can junp within
disk junp tine JT expressed as a data quantity is junpable distance JM and
the input data bit rate to the track buffer of the reproduction apparatus
is 20 BIT. In terns of an actual reproduction apparatus, the disk junp
time JT is 400 nsec, the junpable distance JMis 250 Miit in this junp tine
JT. The maximumbit rate B of the VOB in the MPEG systemis defined as 8.8

Mops 25 ~ considering that an average 6 Mops is required to obtain -122
- PCT/ JP96/ 02806 i nmage qﬂ?tity superior to th 1ﬁb%ﬁ¥ 6
conventional VCR recordi ng. Based on the*fUunpabl e di stance JN?? gﬁ@
JT, and data read tinmes fromdisk, the target values for the 5 smal | est

interleaved unit size ILVUM and the snallest interleave unit presentation
time | LVUMI are calculated first. The smallest interleave unit presentation
time I LVUMI can be obtained fromequation 3, and the snallest I nterl eaved
unit size ILVUM can be obtained fromequation, 4 10 Ig hYUNI err

JT + ILVUM BI T to the shortest of|pjuray N@Bxig ShPEVeF/l than the minimu

41, From equatl i 83 DeyE BB hOLE! | 22 EUbh BOERE"SRhERR, H Bkl
17.6 Mit. Thusnterlégse units in any but the shortest of plural VOB, is
greater than the shortest interleave distance, an underflow
5 state will occur when this shortest interleave VOB is
— reproduced, and non-seamless reproduction will result
instead of seémless reproduction.
Before encoding occurs in the present embodiment
it is therefore determined whether interleaving is
10 possible. Whether interleaving is possible can be
determined from the lengths of the pre-encoded streams.
Because the effect of interleaving can thus be determined
in advance, the need for data reprocessing, i.e., the need
to adjust the interleaving conditiéns and record after
15 interleaving and encoding are once completed, can be
prevented.
| The interleaving method for recording to an
optical disk according to the preseht invention is
described specifically below, starting with the bit rate of
20 the recorded VOB and the performance and other conditions
'of the reproduced disk.
When interleaving is applied, the relationship
between the track buffer input transfer rate Vr and output
transfer rate Vo is defined as Vr >.Vo as previously

25 described. The maximum bit rate of each VOB to be



smal l est interleave unit, which is the smallest unit of the data | ayout, is
a 2-sec. equivalent data quantity and each GOP conprises 15 frames (NTSC
format), then the snmall'est interleave unit is equivalent to the data stored
in four 20 GOP. As al so stated above, one interleaving condition is
that the interl eave distance be | ess than or equal to the junpable

di stance. This nmeans that except for the VOB with the shortest presentation
time, the total presentation 25 time of plural VOB to which
interleaving is applied nust be -123 - PCT/ JP96/ 02806
shorter than the time that can be reprodl@led within the interPEZYiP6/02806
distance. If as in the above exanple the junpable distance JMis 250 Mot
and the maxi num VOB bit rate is 8.8 Mps, the tinme JMI that can be
reproduced with 5 the data quantity read within the junpabl e di stance
JMis 28.4 sec. It is then possible to calculate an interleavable

condi tions equation using these values. If each VOB in the interl eaved

bl ock region i sjiftiertDesvédt Ds t tigeB@FBraUSEET tof 1é8s ethanvehebtpakkaiv fiffers
nunber of 10 interl eaved divisions is v, equation 5 can be obtained from
the conditions niputetsamsfestratéevt eavEhemaxirngt hit(pateeht ofi each veB
of shortest VOB)/ILVUMI [err] v [5] Equation 6 can then al so he obtai ned
fromthe junpable thesefoneisetttoracvatiiei dass than Vr. valpeFPF

(presentation time of all VOB except shortest
evaluation determining whether interleaving enabling

5 . seamless reproduction is possible it is assumed that all
plural VOB to be interleaved are encoded with constant bit
rate (CBR) coding at the maximum bit rate, the interleave
unit data volume is maximized, the time that can be
reproduced from the data volume that can be placed at the

10 jumpable distance is shortened, and the interleave
conditions afe stringent;

Note that it is assumed below that each VOB is
encoded with constant bit rate (CBR) coding at the maximum
bit rate.

-15 | Tt is assumed in the following description of the
| reproduction apparatus that the.distance the optical pickup
can jump within disk jump time JT expressed as a data
quantity is jumpable distance JM, and the input data bit
rate to the track buffer of the reproduction apparatus is

20 BIT. |

In terms of ah actual reproduction apparatus, the
disk jump time JT is 400 msec, the jumpable distance JM is
250 Mbit in this jump time JT. The maximum bit rate B of
the VOB in the MPEG system is defined as 8.8 Mbps

25 considering that an average 6 Mbps is required to obtain



VOB) / IMI [6] Plural VOB can in
principle be interleaved if the above conditions are fulfilled. In
practical terms, VOBU conpensation to the value cal cul ated according to the
above 20 equations is necessary because the interleave units are
limted to the VOBU boundaries. To conpensate equations 2, 3, and 4, it is
necessary to add the nmaxi mum VOBU tine (1. O sec.) to the snall est
interleave unit presentation tine |ILVUMI, and reduce the presentation tine
in the interleave 25 di stance JMI by the maxi mum VOBU ti ne. -124 -
PCT/ JP96/ 02806 If it is determined that- &R interl eaved sequenPETERANO2RP6
seamnl ess playback is not possible as a result of calculating the conditions
for interleaving the VOB scenes before encoding, it is necessary to

i ncrease the nunmber of 5 interleave unit divisions. This neans

I ncreasing the length of the scene form ng the shortest VOB by noving the
scene therebefore or after. It is also necessary to add the sane scene

added to the shppigstqesaeieytsupbpisihed ehaess hncoewentlionalle Vior erl eave
di stance is 10 significantly greater than the shortest interleave unit,
and the rate ofréscra@isg.in the value on the left side of equation 4 is
greater than the increase in the value on the right side of equation 6. As
a result, increasing the Bagedobnt theshinfmpsblendis§pneeedd,canmpedyme ¥,
satisfying the 15 above conditions. '
and data read times from disk, the target values for the
5 - smallest interleaved unit size ILVUM and the smallest
interleave unit presentation time ILVUMT are calculated
first. The smallest interleave unit presentation time
ILVUMT can.be obtained from equation 3, and the smallest
interleaved unit size ILVUM can be obtained from equation 4
10 below. |
ILVUMT > JT + ILVUM/BIT ' [3]
ILVUMT x B = ILVUM [4]
From equation 3 the smallest interleave unit
presentation time ILVUMT is determined to be 2 sec., and
s 15 the smallest GOP block data GM is 17.6 Mbit. Thus, if the
smallest interleave unit, which is the smallest unit of the
data. layout, is a 2-sec. equivalent data quantity and each
GOP comprises 15 frames (NTSC format), then the smallest
interleave unit is equivalent to the data stored in four
20 GOP. |
As also stated above, one interleaving condition
is that the interleave distance be less than or equal to
the jumpable distance. This means that except for the VOB

with the shortest presentation time, the total presentation

25 time of plural VOB to which interleaving is applied must be



The track buffer input transfer rate Vr and output transfer rate Vo nust be
in the relationship Vr > Vo as descri bed above for the data in the

i nterl eaved bl ocks. The optical pickup may also junp i medi ately after
entering 20 an interl eaved bl ock region froma contiguous bl ock region,
in which case it is also necessary to store the data frominmediately
before the interleaved bl ock region. This makes it necessary to suppress
the bit rate of part of the data in the VOB i mmedi ately before the

interl eaved bl ock 25 regi on. -125 - . PCT/ JP96/ 02806 1t
is al so possible that the optical pickupi2By junp inmmedi at el yP&T/ER96/02806
entering an interleaved block froma contiguous bl ock, in which case it is
necessary to suppress the nmaximumbit rate of the contiguous bl ock

i medi ately 5 before the interl eaved bl ock, and store the data from

I medi ately before the interleaved block to the track buffer. The target
for suppressing the maximumbit rate, i.e., the anount the maximumbit rate

i s suppressed, ifotBErPEREANEAEI €Emki #Rall chiebeheepestucedewithin whid
whi ch 10 can be calculated fromthe maximumbit rate of the interl eaved

bl ock reproducegntétteavbedistangeousIbl askinNohe abaveneampiliee thisove
operation has assunmed that all VOB are divided into the sane nunber of,
i nterl eave uni t3umpabile dliistbapcesdM| ést 359r ¥bptt hadviBe maxipug @B &its
VOB containing u divisions (interleave units) and a group ' .
rate is 8.8 Mbps, the time that can be reproduced with
5 the data quantity read within the Jjumpable éistance JM is
28.4 sec. It is then possible to calculate an
interleavable conditions equation using these values. If
each VOB in the interleaved block region is divided into
the same number of interleaved block and this number of
10 interleaved divisions is v, equation 5 can be obtained from
the conditions of the smallest interleave unit length.
(presehtation time of shortest VOB)/ILVUMT < v [5]
Equation 6 can then also be obtained from the jumpable
pfesentation time conditions. | ‘
g\, 15 : ' v g (presentation time of all VOB except shortest
VOB) /JMT [6]
Plural VOB can in principle be interleaved if the
above conditions are fulfilled. In practical terms, VOBU
compensation to the value calculated according to the above
20 equations is necéésary because the interleave units are
limited to the VOBU boundaries. To'compensate equations 2,
3, and 4,.it is neceséary to add the maximum VOBU time (1.
0 sec.).to the smallest interleave unit presentation time

ILVUMT, and reduce the presentation time in the interleave

25 distance JMT by the maximum VOBU time.



of VOB containing u+l divisions when there is a significant difference in
VOB | ength. This can be acconplished by defining the nmi ni nrum nunber of

di visions in each VOB obtained fromequation 5 as 20 u and using this
value u for all VOB fromwhich a greater nunber of interleave units cannot
be obtai ned, and using the nunber of interleave units obtained from
equation 4 up to (u + 1) for larger VOB. This is illustrated in Fig. 41.
The data structure of thé interleaved unit |ILVU 25 i n anot her

enbodi mrent of the invention is shown in Fig. 42. -126 - .
PCT/ JP96/ 02806 In this structure the navihti on pack NV descr PEIHIRA6G/02806
reference to Fig. 20 is placed at the begi nning of each video object unit
VOBU, and the data from one navigation pack NV-.to i medi ately before the
next navi gation pack NV 5 is defined as one video object unit VOBU.
The video object unit VOBU boundaries determ ne the boundaries of the

i nterl eaved unit I1LVU, each.of which is longer than the I ength of the
shortest interleaved unitIfwhtchisi aetbrained tham ahe idterdeavesd fsEguers
bit rate, and other 10 consi derations using equations 5 and 6. Each of
t he conponent vedablibgeseandess plBYbackt dsnpok passdilieoaspaciregplt of
(managenent information pack), each navigation pack NV containing an |LVU
end pack addressalewlEhingdtbgt cegddndongdiess igterieavidg fha Up firenes

the I1LVU to which _the VOBU hel ongs, ,and the next-1LVYU start :
before encoding, it is necessary to increase the number of

5 interleave unit divisions. This means incréasing the
length of the scene forming the shortest VOB by moving the
scene therebefore or after. It is also necessary to add
the same scene added to the shortest scene to the other
scenes. In general, the interleave distance is

10 significantly greater than the shortest interleave unit,
and the rate of increase in the value on the left side of
equation 4 is greater than the increase in the value on the
right side of equation 6. As a result, increasing the size
of the shifted (movéd) scene can result in satisfying the

15 above conditions.

The track buffer input transfer rate Vr and
output transfer rate Vo must be in the rglationship vVr > Vo
as described above for the data in the interleaved blocks.
The optical pickup may also jump immediately after entering

20 an interléaved block region from a contiguous block region,
in which case it is also necessary to store the data from
immediately before the interleaved block region. This
makes it neCessafy to suppress the bit rate of part of the
data in the VOB immediately before the interleaved block

25 region.



address NTILVUSA. The position to which the start address NT |LVUSA points
I's the address of the first pack (NV) in the next interleaved unit ILVUtoO
be reproduced, while the ILVU end pack address |ILVUEA points to the end 20
position of the interleaved unit 1LVU containing the end pack address |LVU
EA. Note that as previously described these addresses are expressed as the
‘nunber of sectors fromthe navigati on pack NV containing the address

i nformati on. When a video object unit VOBU is in an 25 i nterl eaved

bl ock region, the next-ILVU start address -127 -

PCT/ JP96/ 02806 NT | LVU SA points to the-g4pfrt address of the PER/TPIGNRE06
simlarly expressed as the nunber of sectors fromthe navigation pack NV
containing the address information. It is therefore possible after reading
the first 5 navi gati on pack NV data in the interleaved unit ILVU to
obtain the location of the next interleaved unit ILVU to be reproduced, and
to what disk position the current interleaved unit ILVUis witten. This

nmakes it possible to onlyrgead hhao pogslipaeedndti thel byticald pickupaidy y
10 junp to the next interleaved unit ILVU Milti-scene control The

nul ti-scene perjafipi smfleddaiteey afgerhenteirtingt at datesiieasfednblidcksdarmm a
control according to the present invention using by way of exanple a title
conpri si ng scenesntiguousr dlociksd ihr winidhf casentitarig eecessary to suppress
the maximum bit rate of the contiguous block immedietely
5 before the interleaved block, and store the.data from
immediately before the interleaved block to the track
buffer. The target for suppressing the maximum bit rate,
i.e., the amount the maximum bit rate is suppressed, is the
presentation time of the shortest interleave unit, which
10 can be calculated from the maximum pit rate of the
interleaved block reproduced after the contiguous block.
Note that while the above operation has assumed
that all VOB are divided into the same number of interleave
units, it is also possible to group the VOB into a group of
W, 15 VOB containing u divisions (interleave units) and a group
of VOB containing u+l divisions when there is a significant
difference in VOB length.
This can be accomplished by defining the minimum
number of divisions iﬁ each VOB obtained from equation 5 as
20 u and using this value u for all VOB from which a greater
number of interleave units cannot be obtained, and using
the number of interleave units obtained from equation 4 up
to (u + 1) for larger VOB. This is illustrated in Fig. 41.

The data structure of the interleaved unit ILVU

25 in another embodiment of the invention is shown in Fig. 42.



Each scene in nmulti-scene control is recorded fromthe sane angle, but my
be recorded at different tinmes or nay even be conputer graphics data. The
mul ti-angl e scene periods nmay therefore also be called nulti-scene 20
periods. Parental control The concept of recording plural titles conprising
alternative scenes for such functions as parental |ock control and
recording director's cuts is described bel ow 25 using Fig. 43. -128
- PCT/ JP96/ 02806 An exanple of a nulti-rated title stream
providing for parental |lock control is shown in Fig. 43. Wen so-called
"adult scenes" containing sex, violence;126-other scenes deenPETURRAG/02806e
for children are contained 5 in atitle inplenenting parental | ock
control, the title streamis recorded with a conbination of conmon system
streans SSa, SSb, and Sse, an adult-oriented system stream SSc contai ni ng
t he adult scenes, and a child-oriented system stream SSd contai ning only
the scenes suitable for 10 children. Title streanms such as this are

recorded as a nuhtthiseserapsues sheeaavdgatdion packhdiVadiesicrikieshnedh
system stream Ssc and the child-oriented system stream Ssd arrayed to the

mul ti - scene pertreflebenceetocFigun20yiseplecedant $hie hegivsdng ©f each’
The rel ationshi p between each of the conponent

video object unit VOBU, and the data from one navigation
pack NV to immediately before the next navigation péck NV

5 is defined as one video object unit VOBU. fhe video object
unit VOBU boundaries determine the boundaries of the
interleaved unit ILVU, each of which is longer than the
length of the shortest interleaved unit, which is obtained
from the decoder performance, pit rate, and other |

10 considerations using.equétions 5 and 6.

Each of the component video object units VOBU
contains a navigation pack NV (management information
pack), each navigation pack NV containing an ILVU end pack
address ILVU_EA indicating tﬁe address of the last pack in

15 the ILVU to which the VOBU belongs, and the next-ILVU start
‘address NT ILVU_SA. .The position to which the start
address NT_ILVU SA points is the address of the first pack
(NQ) in the next interleaved unit ILVU to be reproduced,
while the ILVU end pack address ILVU_EA points to the end

20 position of the interleaved unit ILVU containing the end
pack address ILVU EA. Note that as previously described
these addresses are expressed as the number of sectors from
the navigation pack NV containing the address information.

When a video object unit VOBU is in an

25 interleaved block region, the next-ILVU start address



titles and the system streamrecorded to the programchain PCC of a title
streamthus conprised is described below The adult-oriented title program
chain PGCl conprises in sequence the comon system streans Ssa and 20

Ssb, the adult-oriented system stream Ssc, and the comopn system stream
Sse. The child-oriented title program chain PGC2 conprises in sequence the
common system streans Ssa and Ssb, the child-oriented system stream Ssd,
and the conmon system stream Sse. -129 - PCT/ JP96/ 02806
By thus arraying the adult-oriented system stream Ssc and child-oriented
system stream Ssd to a nulti-scene period27the decodi ng met hoPGF/ER9& 02806
descri bed can reproduce the title containing adult-oriented content by 5
reproduci ng the comon system streans Ssa and Ssb, then selecting and
reproduci ng the adult-oriented system stream Ssc, and then reproducing the
common system stream Sse as instructed by the adult-oriented title program
chain PGCl. By alternatively followng the child-oriented title program 10
chain PGC2 and RE| ELVUNGA! beialkk! €oothentedrsy ataresls oFmthed gkt ELVU,

mul ti-scene period, a child-oriented title fromwhich the adult-oriented
scenes have beesimiparjyt edpressed meptbeunemtbefhiof meictedsoffymmovilg ng in
the title streama 15 . nmulti-scene period containing plural alternative
scenes, sel ecti RgvhAREACDH! PRFK WWerontpining et pddeess gafiaxmatiion.

It is therefore possible after reading the.first
5 navigation pack NV data in the interleaved ﬂnit ILVU to
obtain the location of the next interleaved unit ILVU to be
reproduced, and to what disk position the current
interleaved unit ILVU is written. This makes it possible
to only read the interleaved units ILVU, and to smgothly
10 jump to the next interleaved unit ILVU.
Multi—sceﬁe control
The multi-scene period is described together wifh
the concept of multi-scene control according to the present
invention using by way of example a title comprising scenes
. 15 recorded from different angles. |
Each scene in multi-scene control is recorded
from the same angle, bﬁt may be recorded at different times
or may even be computer graphics data. The multi-angle
scene periods may therefore also be called multi-scene
20 periods.'
Parental éontrol
The concept of recording plural titles comprising
alternative scenes for such functions as parental lock
control and recording director’s cuts is described below

25 using Fig. 43.



to be reproduced before playback begins, and generating plural titles
containing essentially the sane title content but different scenes in part,
is called parental |ock 20 control. Note that parental |ock control is
so naned because of the perceived need to protect children from undesirable
content. Fromthe perspective of system stream processing, however,
parental |ock control is a technol ogy 25 for statically generating
different title streans by neans -130 - : PCT/ JP96/ 02806 of
the user pre-selecting specific scenes froma nulti-scene period. Note,
further, that this contrasts with multi—-8H e scene control, RETHPISH2806
technol ogy for dynam cally changing the content of a single title by neans
5 of the user selecting scenes fromthe nulti-scene period freely and
inreal-time during title playback. This parental |ock control technol ogy
can al so be used to enable title streamediting such as when nmaking the
director's cut. The director's cut refers to the process 10 of editing

certain scenes froma noveg dfampe ExaAMhelt Bhedted theléostreamesentation
time. This may be necessary, for exanple, to edit a feature-length novie

for view ng on paowidingnEormhsarentel plecentantonl t iseshewnodn| Bag.f 438 .

viewwng within the flight tinme or certain content 15 may not be

acceptabl e. Thithem\se-cilbed dtadule seerest neenbminingcsa¥s Whpleaceut oo

shorten the novie. The title- S
other scenes deemed unsuitable for children are contained

5 in a title implementing parental lock control, the title
stream is recorded with a combinafion_of common system
streams SSa, SSb, and Sse, an adult-oriented system stream
SSc containing the adult scenes, and a child-oriented
'éystem stream SSd containing only the scenes suitable for

10 children. Title streams such as this are recorded as a
multi-scene system stream containing the adult-oriented
system stream Ssc and the child-oriented system stream Ssd
arrayed to the multifscene period between common system
streams Ssb and Sse.

15 | The relationship between each of the component
titles and the system stream recorded to the program chain
PGC of a title stream thus comprised is described below.

The adult-oriented title program chain PGCl

compfises in sequence the common system streams Ssa and

20 Ssb, the adult-oriented system stream Ssc, and the common
system stream Sse. The child-oriented title program chain
PGC2 comprises in sequence the common system streams Ssa

and Ssb, the child-oriented system stream Ssd, and the

common system stream Sse.



can then be recorded with both a full-length, unedited system stream and an
edited.systemstreamin which the edited scenes are recorded to multi-scene
periods. At the 20 transition fromone systemstreamto another system
streamin such applications, parental |ock control nust be able to nmaintain
snoot h pl ayback i mage output. Mre specifically, seam ess data reproduction
wher eby a data underfl ow state does not occur in the audio, video, or other
buffers, and 25 seanl ess i nformation reproducti on whereby no unnat ur al
-131 - PCT/ JP96/ 02806 interruptions are audibly or .visibly
perceived in the audio and video pl ayback29 are necessary. Ml PCTARP62806
control The concept of nulti-angle scene control in the 5 pr esent
invention is described next with reference to Fig. 44. In general,
multinedia titles are obtained by recording both the audi o and vi deo
i nformation (collectively "recordi ng" below) of the subject over tine T.
The angl ed scene bl ocks #SCl, #SML, #SM2, #SM3, and 10 #SC3 represent
the nultimedi a scenes obtBynthuat areagidgnghenatiuitresighted? syastemTStnean
recording the subject at respective canera angles. Scenes #SML, #SM2, and
#SMB ar e recor désk aanduchildyodiehtednsyétemsstresmofigd &odat Muliil-ssenen
angl es during recording unit tine T2, and are 15: ref erenced bel ow as the
first, second, pemied; rthandeeadipgnmsthod previously described can
reproduce the title containing adult-oriented content by
5 reproducing the common system streams Ssa and Ssb, then
selecting and reproducing the aduit-oriented system stream
Ssc, and then reproducing the common system stream Sse as
instructed by the adult-oriented title program chain PGC1.
By alternatively following the child-oriented title program
10 chain PGC2 and selecting the child-oriented system stream
Ssd in the multi-scene period, a child-oriented title from
which the adult-oriented scenes have been expurgated can be
reproduced.

This method of providing in the title stream a

15 multi-scene period containing plural alternative scenes,
selecting which of the scenes in the multi-scene period are
to be reproduced before playback begins, and generating
plural titles containing essentially the same title content
but different scenes in part, is called parental lock

20 control.

Note that parental lock control is so named
because of the perceived need to protect children from
undesirable content. From the perspective of system stream
processing,_however, parental lock control is a technology

25 for statiéally generating different title streams by means



Note that the nmulti-scene periods referenced herein are basically assuned
to conprise scenes recorded fromdifferent angles. The scenes nmay, however,
be 20 recorded fromthe sane angle but at different tines, or they may
be conputer graphics data. The nmulti-angle scene periods are thus the

mul ti-scene periods fromwhich plural scenes can be selected for
presentation in the sane tinme period, whether or not the scenes are
actually recorded at 25 di fferent canera angl es. -132 -

PCT/ JP96/ 02806 Scenes #SCl and #SC3 are scenes recorded at the sane comon
canera angle during recording unit tinesl3-and T3, i.e., bef BCI/EA6/GI&06
the multi-angle scenes. These scenes are therefore called "commobn angl e
scenes. " Note 5 that one of the multiple camera angles used in the

mul ti-angle scenes is usually the same as the common canera angle. To
understand the rel ationshi p between these various angl ed scenes,

mul ti-angle scene control is 10 descri bed bel ow using a |ive broadcast
of a basebal| gagether ussenpre-seigctihg eperifiengkenesefeom?8Cl and #SC3

are recorded at the common canera angle, which is here defined as the view
from center fiendltd-skenaxpertbdougNotiee IHrthepitthet thdis sontmasts
catcher. "The first angled scene #SML is recorded at the
- with multi-angle scene control, which is a technology for
dynamically changing the content of a single title by means
5 of the user selecting scenes from the_multi;scene period
freely and in real-time during.title playback.

This parental lock control technology can also bg
used to enable title stream editing such as when making the
director’s cut.. The director’s cut refers to the process

10 of editing certain scenes from a movie to, for example,
shorten the total presentation time. This may be
necessary, for example, to edit a feature-length movie for
viewing on an airplane where the presentation time is too
long for viewing within the flight time or certain content

15 may not be acceptable. The movie director thus determines
which scenes hay be cut to shorﬁén the movie. The title
can then be recorded with both a full-length, unedited
system stream and an edited system stream in which the
edited scenes are recorded to multi-scene periods. At the

20 transition from one system stream to another system stream
in such applications, parental lock control must be able to
maintain smooth playback image output. More specifically,
seamless data reproduction whereby a data underflow state

does not occur in the audio, video, or other buffers, and

25 seamless information reproduction whereby no unnatural



first nulti-camera angle, i.e., the camera angle fromthe backstop on the
axi s through the catcher, pitcher, and batter. The second angl ed scene #SM2
is recorded at the 20 second nulti-canmera angle, i.e., the view from
center field on the axis through the pitcher, batter, and catcher. Note
that the second angl ed scene #SM2 is thus the sane as the commobn canera
angle in this exanple. It therefore follows that the second angl ed scene
#SM2 is the sanme as the conmon 25 angl e scene #SC2 recorded during
recording unit tinme T2. -133 - PCT/ JP96/ 02806 The third
angl ed scene #SMB is recorded at the thi i3l rul ti-camera angl e PGT/EP96/02806
canmera angle fromthe backstop focusing on the infield. The presentation
times of the multiple angle 5 .scenes #SML, #SM2, and #SMB overlap in
recording unit tinme T2; this period is called the "nulti-angle scene
period." By freely selecting one-of the nultiple angle scenes #SML, #SM,
and #SMB in this nulti-angle scene period, the viewer is able to change his
.or her virtual vhterpgpphensi apet audibly epj visiblyf pereet vwedewrofthehaugie
as though the actual canera angle is changed. Note that while there appears
to be a time gapndeviden pdaybacknghresvesessABEl and #SC3 and the nultiple
angl e scenes #SML, #SNQ and #SMB in Fig. 44, this is sinply to facilitate
the use of arr 1 lescont re for easier description of the dat a

reproducti on paths reproduced by sel ectin i,fferent angled s '
P P P The concept of %1%1 -angle scé%e con 1n the

5 present invention is described next with reference to Fig.
44. 1In general, multimedia titles are obtained by
recording both the audio and video information
(collectively "recording" below) of the subject over time
T. The angled scene blocks #SCl, #SM1l, #SM2, #SM3, and

10 #SC3 represent the multimedia scenes obtained at recording
unit times T1, T2, and T3 by recording the subject at
respective camera angles. Scenes #SM1, #SM2, and #SM3 are
recorded at mutually different (first, second, and third)
camera angles during recording unit time T2, and are

15 referenced below as the first, second, and third angled
scenes.

Note that the multi-scene periods referenced
herein are basically assumed to comprise scenes recorded
from different angles. The scenes may, however, be

20 recorded from the same angle but at different times, or
they may be computer graphics data. The multi-angle scene
periods are thus the multi-scene periods from which p;ural
scenes can be selected for presentation in the same time
period, whether or not the scenes are actually recorded at

25 different camera angles.



There is no actual tinme gap during playback. Milti-angle scene control of

t he system stream based on the present invention is described next with 20
reference to Fig. 23 fromthe perspective of connecting data bl ocks. The
mul ti medi a data corresponding to conmon angl e scene #SC is referenced as
common angl e data BA, and the common angle data BA in recording unit tines
Tl and T3 are referenced as BAl1 and BA3, respectively. The 25 mul timedi a
data corresponding to the nultiple angle scenes -134 - ' -

PCT/ JP96/ 02806 #SML, #SM2, and #SMB are referenced as first, s&&zln% &g%
third angl e scene data MAL, MA2, and MA3I32as previously descr PEAARAG/P2806
reference to Fig. 44, scenes fromthe desired angl ed can be viewed by
selecting one of the 5 mul tiple angle data units MAL, MA2, and MAS.
There is also no tinme gap between the comobn angl e data BAl and BA3 and the
multiple angle data units MAL, MA2, and MA3. In the case of an MPEG system
stream however, intermttent breaks in the playback information can result
10 ' between the reprodu8eenesn#8alaandn#iS€B pareangeregaraconfed apdhd® ng
upon the content of the data at the connection between the sel egted

mul ti ple angl e SRAE GPPRONLGanera apgdeMABTind FRECESARINURAY &1des, Tipand

(either the first commn angle data BAL before the.,angle selected in,.the
nul ti-angle 15 T3's%eﬁe'pE??BHeo?n?héf%ﬁﬁn%heaﬁﬁEglaﬁggigAchBFFbwﬁ L
angl e sel ected égeﬁgg g%LtLﬁgggkgrgcggﬁlggrng%ﬁonTgﬁgle scenes." ‘Note
5 . that one of the multiple camera angles used“in the |
multi-angle scenes is usually the same as the common camera
angle.

To understand the relationship between these
various angled scenes, multi-angle scéne control is

10 described below using a live broadcast_of a baseball game
for example only. _

The common angle scenes #SCl and #SC3 are
recorded at the common camera angle, which is here defined
as the view from center field on the axis fhrough the

15 pitcher, battér, and catcher.

The first angled scene #SMl is recorded at the
first multi-camera angle, i.e., the camera angle from the
backstop on the axis through the catcher, pitcher, and
batter. The second angled scene #SM2 is recorded at the

20 second multi-camera angle, i.e., the view from center field
on the axis through the pitcher, batter, and catcher. Note
that the second angled scéne #SM2 is thus the same as the
common camera angle in this example. It therefore follows
that the second angled scene #SM2 is the same as the common

.25 ahgle scene #SC2 recorded during recording unit time T2.



result in this case is that the title streamis not naturally reproduced as
a single contiguous title, t.e., seanless data reproduction is achieved but
non- seam ess 20 i nformati on reproduction results. The multi-angle

sel ection process whereby one of plural scenes is selectively reproduced
fromthe nmulti-angle scene period with seam ess information presentation to

the scenes before and after is described -135 -

PCT/ JP96/ 02806 bel ow with application in a digital video disk system using
Fig. 23. Changing the scene angle, i.e., selecting one of the_nultiple
angle data units MAL, MA2, and MA3, nust1¥®-5 conpl et ed bECI/EP96/02806

reproduction of the preceding common angle data BAL is conpleted. It is
extrenely difficult, for exanple, to change to a different angle data unit
MA2 during reproduction of comon angle data BAl. This is because the
mul ti medi a data has a variable | ength coded 10 MPEG data structure,
which nmakes it difficult to find the data break points (boundaries) in the
. sel ected data brieekshifdeanglied segnel £6MBeidi xegprdgédnwatnthige tirigide s
changed because inter-frame correlations are used in the caodi ng process.
The groupof pi chalei-Gorepaocspgiengiugit Shet pamesa angdecfXomm

contains at |east one refresh frame, and,cl sed processing not referencing
frames bel ongi neREksEeBt feruetpd; enpthe; APELGlhi n t his GOP processing

unit. The presentation times of the multiple angle

5 scenes #SM1, #SM2, and #SM3 overlap in recofding unit time
T2; this period is called the "multi-angle scene period."
By freely selecting one of the multiple angle scenes fSMl,
#SM2, and #SM3 in this multi-angle scene_period, the viewer
is able to change his or her virtual viewing position to
10 . enjoy a different view of the game as though the actual
camera angle is changed. Note that while there appears to
* be a time gap between common angle scenes #SCl and #SC3 and
the multiﬁle angle scenes #SM1, #SM2, and #SM3 in Fig. 44,
this is simply to facilitate the use of arrows in the
15 figure for eesier description of the data reproduction
paths'reproduced by selecting different angled scenes.
There is no actual time gap during playback.
Multi-angle scene control of the system stream
based on the present invention is described next with
20 reference to Fig. 23 from the perspective of connecting
data blocks. The multimedia data corresponding to common
angle scene #SC is referenced as common angle data BA, and
the common angle data BA in recording unit times T1 and T3
are referenced as BAl and BA3, respectively. The

25 multimedia data corresponding to the multiple angle scenes



In other words, if the desired angle data, e. g., MA3, is selected before
reproducti on reaches the 20 mul ti-angl e scene period, and at the | atest
by the tine reproduction of the preceding common angle data BAL is
conpleted, the angle data selected fromw thin the nulti-angle scene period
can be seam essly reproduced. However, it is extrenely difficult while

r epr oduci ng one 25 angle to sel ect and seanl essly reproduce anot her

angl e -136 - PCT/ JP96/ 02806 within the same nulti-angle
scene period. It is therefore difficult when in a nmulti-angle scene period
to dynamcally select a different angle-134¢t presenting, for E&HRW/02806
view froma different canera angle. 5 - The nmethod of sw tching
bet ween scene angles within a nmulti-angle scene period is described in
further detail belowwth reference to Fig. 76, Fig. 77, and Fig. 45 based
on the digital video disk data structure described above. 10

Fig. 76 shows the presentation tines of the snmallest angle switching units

in each of the guhi|ppsmanchrdadgsnsuaresriferelit2zd asd ks tsheecdnd Fiand
"23. Wthin the context of the digital video disk system the multiple angle
data units MAL, tM¥Pd andlédP8cene 8htat MhAhe MA2, anddMAiBng &si Previausly he
vi deo objects VOB. Each multiple angle data unit (VOB) conprises plural
(three in this éeagpibydi with| veferencestpL Fddas 4the sEeResefrofpddia) e

desired angled can be viewed by selecting one of the
5 multiple angle data units MA1l, MA2, and MA3. There is also
no time gap between the common anéle data BAl and BA3 and
the multiple angle data units MA1l, MA2, and MA3.
In the case of an MPEG system stream, however,
intermittent breaks in the playback information can result
10 between the reproduced common and multiple angle data units
depending upon the content of the data at the connection
between the selected_multiple angle data unit MAl, MA2, and
MA3 and the common angle data BA (either the first common
angle data BAl before the angle selected in the multi-angle
15 scene period or the common angle data BA3 following the
angle selected in the multi-angle scene period). The
result in this case is that the title stream is not
naturally reproduced as a single contiguous title, i.e.,
seamless data reproduction is achieved but non-seamless
20 information reproduction rgsults.
The multi-angle selection process whereby one of
plural scenes is selectively reproduced from the
multi-angle scene period with seamless information

presentation to the scenes before and after is described



angle switching unit. Note that each interleaved unit |ILVU thus contains a
particul ar nunber of GOP. The first angle 20 data MAL thus contains
angle switching units A51, A52, and A53. The angle switching units A51,
A52, and A53 of the first angle data MA1 have presentation tines of 1, 2,
and 3 seconds, respectively, resulting in the first angle 25 data MAL
having a total presentation tine of 6 sec. The -137 - _

PCT/ JP96/ 02806 second angle data MA2 simlarly conprises angle sw tching
units B51, B52, and B53 with presentation tines of 2, 3, and 1 second,
respectively, and the third angle data MA33Eenprises angl e sw PEH/FRPIOZR06
Ch1, C52, and C53 with 5 presentation times of-3, 1, and 2 seconds,
respectively. It should be noted that while the angle data MAL, MA2, and
MA3 each has a 6 sec. presentation tine, the presentation tinme can
obviously be set to various other particular values. 10 The
foll ow ng exanpl e describes switching to and beginning the presentation of
anot her (next) apghewviveéthwappgicagiefdudinng adyipant vddear distkerdyasbem wsing
For exanple, if the angle is changed fromfirst angle data MAl to second
angl e data MA2 wRige e8producing’interleave unit 15 A51, reproduction of
interleave unit A51 stops and reproduction of the second interleave unit
B52 in the sel ected secondChaggdndatheNszeneaanglethils ohaffdecting one of

the multiple angle data units MAl, MA2, and MA3, musf be

5 completed before reproduction of the preceding common angle
data BAl is completed. It is extremely difficult, for
example, to change to a different angle data unit MA2
during reproduction of common angle data BAl. This ié
because the multimedia data has a variable length coded

10 MPEG data_structﬁre, which makes it difficult to find the
data break points (boundaries) in the selected data blocks.
The video may also be disrupted when the angle is changed
because inter~-frame correlations are used in the coding
process. The group of_ pictures GOP processing unit of the

L 15 MPEG standard contains at least one refresh frame, and

| closed processing not referencing frames belonging to
another GOP is possible within this GOP processing unit.

In other words, if the desired angle data, e. g.,

MA3, is.selected before reproduction reacheé the

20 multi-angle scene period, and at the latest by the time
reproduction of the preceding common angle data BAl is
completed, the angle data selected from within the
multi-angle scene period can be seamlessly reproduced.
However, it is extremely difficult while reproducing one

25 angle to select and seamlessly reproduce another angle



intermts both the audio and video presentation, resulting in non-seanl ess

I nformati on presentation. 20 Li kewise, if the user chooses to

switch to the scene corresponding to the third angle data MA3 during

reproduction of the second interleave unit B52 in the second angle data

MA2, reproduction of interleave unit-B52 stops and reproduction of

interleave unit C53 starts. This 25 "operation again intermts both the

audi o and vi deo -138 - PCT/ JP96/ 02806 presentati on,
resulting in non-seanl ess informati on presentation. Note that in the above
cases switching between nultiple angle dat36euring data reprodREI/IROO2806

5 reproduction of the angle being presented, and seamn ess information

presentation, i.e., presentation without intermtting the audio and video,

does not occur. The nethod of switching the angle after conpleting

Interleave unit presentation is described below 10 If the

user sel ects second angle data MA2 during reproduction of interleave unit

A51 in first anghtWihathM@lsamer maisiiphfglehecaneopdriioter | Eavdsuthier@Edrien

the second angle data MA2 is selected fromthe point reproduction of

interl eave unit Abfifhcuhtawhensént at mudtiSanglei seené pevéeod tios dymaplistaddy

Because the start of interleave unit B52 is 2 sec. fromthe begi nning of

the multi-angl e gebaetparfddfermapteangle yaptopracenting,efigroexample, a
view from a different camera angle.

5 _ The method of switching between scene angles
within a multi-angle scene period is described in further
detail below with reference to Fig. 76, Fig. 77, and Fig.
45 based on the digital video disk data structure described
above.

10 | Fig. 76 shows the presentation times of the
smallest angle switching units in each of the multiple
angle data units MAl, MA2, and MA3 shown in Fig. 23.
Within the context of the digital video disk system, the
multiple angle data units MAl, MA2, and MA3 are the title

w15 editing units, i.e., the video objects VOB. Each multiple

angle data unit (VOB) comprises plural (three in this
example) interleave units ILVU as the smallest possible
angle switching unit. Note that each interleaved unit ILVU
thus contains a particular number of GOP. The first angle
20 data MAl thus contains angle switching units AS1, A52, and
A53.
The angle switching units AS51, A52, and A53 of
the first angle data MAl have presentation times of 1, 2,
and 3 seconds, respectively, resulting in the first angle

25 data MA1l having a total presentation time of 6 sec. The



interleave unit A51 reproduction at 1 sec. into the multi-angle scene
period and the beginning of interleave 20 unit B52 at 2 sec. into the
mul ti-angl e scene period, and there is therefore no time-base contiguity in
reproduction. Mre specifically, because there is no continuity in the
audi o, the audi o cannot be seam essly reproduced. A simlar scenario
results if the user then 25 swtches to the angle scene correspondi ng
to the third -139 - PCT/ JP96/ 02806 angl e data MA3 during
reproduction of the second interleave unit B52 in the sel ected second angle
data MA2, i.e., interleave unit C53 is swil3@hed to after reprodRCTABA6/OR306
interleave unit B52 is conpleted. In this case the-5 conpl eti on of
interleave unit B52 reproduction is at 5 sec. fromthe begi nning of the

mul ti-angl e scene period, the beginning of interleave unit C53 is at 4 sec.
fromthe beginning of the nmulti-angle scene period, and there is again no
ti me-base contiguity. The connection between the 10 audi o and vi deo
component s of thedcond lageNe datias M2 sindd IGhA Y canmnised ayoybe switehing
t herefore necessary for the interleave units of each angle to have the sane
reproduction ti mandie B51t,aiR52 harshBShwiddr mfesenkartiomivimes of s 3o
achi eve 15 seam ess information swtching between nultiple angles. The

i nternal struct ud@dfl Secanst,emespactivaly i anthdhe ithing anglecdata ¥A3

Fig. 77. As shown in Fig. 77, N
g comprises angle switching units €51, C52, and C53 with

5 presentation times of 3, 1, and 2 seconds, fespectively.

Tt should be noted that while the angle data MAl, MA2, and-
MA3 each has a 6 sec. presentation time, the presentation
time can obviously be set to various other particular
values.

10 The following example describes switching to and
beginning the presentation of another (next) angle view
while reproducing any particular interleave unit. For
example, if the angle.is changed from first angle data MAl
to second angle data MA2 while reproducing interleave unit

oy 15 AS51, rep:oduction of interleave unit AS51 stops and
reproduction of the second interleave unit B52 in the
selected second angle data MA2 starts. This change
intermits both the audio and video presentation, resulting
in non-seamless information presentation.

20 Likewise, if the user chooses to switch to the
scene corresponding to the third angle data MA3 during
reproduction of the second interleave unit B52 in the
second angle data MA2, reproduction of interleave unit B52
stops and reproduction of interleave unit €53 starts. This

25 operation again intermits both the audio and video



each of the interleave units ILVUbl, |LVUb2, |LVUc1l, and ILVUc2 contains

I nterl eaved audi o and vi deo packets, 20 I ndi cated as A and V,
respectively. In general, the data size and presentation time of each audio
packet Ais the sane. In this exanple, interleave units |ILVUbl, |LVUb2,

I LVUcl, and ILVUc2 respectively contain 3, 2, 2, and 3 audi o packets. 25
Therefore, angle data MAB and MAC each contain 5 audio -140 -

PCT/ JP96/ 02806 packets and 13 vi deo packets in nulti-angle scene period T2.
Angl e switching control within a nmulti-angle scene period conprising a

mul ti-angle systemstream (VOB) 5 wi ¢ h38 hi s packet struct uPET/EP96/02806
described below If the angle is swtched frominterleaved unit |ILVUbl to
interleaved unit 1LVUc2, for exanple, the total nunber of audio packets in
these two interleave units ILVUbl and ILVUc2 is 6, which is one nore than
the 10 specified total nunmber of 5 audio packets in this nmulti-angle’
scene period T2. This would therefore result in an overlap of one audio

packet in the repredentdtiofl| orebulBenig LnOnbhVbleWRlese0nNEGHMEA tdath
reproduced. Likewi se, if the angle is changed between the two interleaved

units 15 | L\Mbkcésentlativhb?2 containing only two audi o packets each, the

total of 4 audio packets is one |ess than the specified total nunber of 5

audi o packets in this nul tNoteagthatcénethe above cases switching between
multiple angle data during data reproduction stops '

S reproduction of the angle being presented, énd seamless
information presentation, i.e., pfesentation without
intermitting the audio and video, does not occur.

The method of switching the angle after \
completing interleave unit presentation is described below.

10 If the user selects second angle data MA2 during
reproduction of interleave unit A51 in first angle data
MAl, for example, thg second interleave unit B52 in the
second angle data MA2 is selected from the point
reproduction of interleave unit A51 with a presentation

w 15 time of 1 sec. 1is completed. Because the start of

interleave unit B52 is 2 sec. from the beginning of the
multi-angle scene period, there is a gap between the end of
interleave unit A51 reproduction at 1 sec. into the
multi-angle scene period and the beginning of interleave

20 unit B52 at 2 sec. into the multi-angle.scene period, and
there is therefore no time-base contiguity in reproduction.
More specifically, because there is no continuity in the
audio, the audio cannot be seamlessly reproduced.

A similar scenario results if the user then

25 switches to the angle scene corresponding to the third



period T2. Connecting and reproducing these two interleaved units would
therefore result in an audi o packet 20 shortage, and a break in the
audi o equal to the duration of one audio packet. It is therefore clear that
when the nunber of audi o packets in the connected interleaved units is not
equal to the specified nunber of audio packets in that multi-angle scene
period, the audio wll not be 25 ~satisfactorily connected, and

non- seam ess i nformation -141 - PCT/ JP96/ 02806
presentation containing noise and/or intermttent audio will result. Fi

45 shows multi-angle scene control when tH89multi-angl e data MUBCHIRIGBZB06
shown in Fig. 77 contain 5 different ‘audi o data. Common angl e data BAL
and BA3 contain the comopn audio data of the common scenes before and after
the multi-angle scene period. The first angle data MAB conprises first
angle interleave unit audio data |ILVUbl and ILVUb2, the smallest angle
switching unit within 10 the multi-angle scene period. The second angle
data MAC |ikew sangQepdatas MASC @ut idieg reprivdudttate afhitheauskaontht intédledve
and ILVUc2. Fig. 14 shows the audio waves resulting fromthe audi o data
recorded to the mmliti BS2glisn diten sdiRchedl MeCas anglie [datanMA2, ahgeer scene
period T2. The contiguous audi o output of angle data MAB is formed, from
the two interl ealademnlieaveudinitd Q53 |is/gwitahed bauaf tem cerrrddebicnaofi o

interleave unit B52 is completed. In this case the
5 completion of interleave unit B52 reproduction is at 5 sec.
from the beginning of the multi-ahgle scene period, the
beginning of interleave unit €53 is at 4 sec. from the
beginning of the multi-angle scene period, and there is
again no time-base contiguity. The connection between the
10 audio and video components of the interleave units BS52 and
| C53 is also not gdod.

‘It is therefore necessary for the interleave
units of each angle to havé the same reproduction time and
contain the same number of vidéo frames in order to achieve

U 15 seamless information switching between multiple angles.
| The internal étructure of the interleave units is
shown in further detail in Fig. 77. As shown in Fig. 77,
each of the interleave units ILVUbl, ILVUb2, ILVUcl, and
ILVUc2 contains interleaved audio and video packets,
20 indicated as A and V, respectively.

In general, the data size and presentation time
of each audib packet A is the same. In this example,
interleave units ILVUb1l, ILVUb2, ILVUcl, and ILVUc2
respectivelj contain 3, 2, 2, and 3 audio packets.

25 Therefore, angle data MAB and MAC each contain § audio



out put of angle data MAC is likew se formed fromthe two interleaved unit
audio data I LVUcl and |ILVUc2. 20 What happens when
reproduction of angle data MAC is switched to during reproduction of the
first interleave unit audio data ILVUbl in angle data MAB is descri bed
below.- In this case reproduction of interleaved unit ILVUc2 occurs after
reproduction of interleaved unit ILVUbl 25  is conpleted. As a result,

t he audi o wave resulting from -142 - PCT/ JP96/ 02806 -t hese
two interleaves units is a mxed wave as shown by audio wave MAB-C in Fi

12. Note that the resulting audi o output- e is non-conti guouBCIYTRHGL2806
angl e switching point, and the audio connection is therefore not conpletely
5 satisfactory. If the audio data is encoded using Dol by AC 3 codi ng,

t he probl ens are even greater because AC- 3 coding use tine-base.
correlations. Specifically, because the audio is coded using tine-base
signal correlations, 10 repr oducti on becones inpossible at the angle

swi t chi ng poi nt paaketsheandel3 avidept sacketss opntivelbildangliat acénenperdod
angle and switch to the audio data of another angle during reproduction in
a multi-angle s@e period. Thus, when each angle in a nulti-angle scene 15
period contains discrete audio data, the audio output may be intermtted
bet ween the connected dat £RHAIE sSHherhing aeptec] swithiged. Mdébénangdeon

f th i < s . '
the content o tsé%ﬁguﬁgr{Bd comprising a multi-angle system stream (VOB)

5 with this packet structure is described beléw.

N . If the angle is switched from interleaved unit
ILVUbl to interleaved unit ILVUc2, for example, the total
number of audio packets in these two interleave units
ILVUbl and ILVUc2 is 6, which is one more than the

10 specified total number of 5 audio packets in this
multi-angle scene period T2. This would therefore result
in an overlap of one_audid packet in the reproduced audio
if these two ILVU were connected and reprdduced. Likewise,
if the angle is changed between the two interleaved units

15 ILVUcl and ILVUb2 containing only two audio packets each,
the total of 4 audio packets is one less than the specified
total number of 5 audio packets in this multi-angle scene
period T2. Connecting and reproducing these two
interleaved units would therefore result in an audio packet

20 shortage, and a break in the audio equal to the duration of
one audio packet. It is therefore clear that when the
number'of audio packets in the connected inter%eaved units
is not equal to the specified number of audio packets in
that multi-angle scene period, the audio will not be

- 25 satisfactorily connected, and non-seamless information



such cases, noise and/or audio interruptions nmay occur during reproduction,
resulting even in irritation or 20 di sconfort to the user. Such

di sconfort is a product of the non-contiguity in the reproduced infornmation
content, and can therefore be avoided by assuring information contiguity or
preventing information intermttence. Seam ess information presentation can
t hus be achi eved. -143 - PCT/ JP96/ 02806 Mul ti-angl e scene
control according to the present invention is described next with reference
to Fig. 46. Three angle data MAL, MA2, and MA3 are witten to nulti-angle
scene period T2 in this exanple. 5 - 141 - The first andPETAHREG/ORBA6
thus contains angle switching units All, Al2, and-Al3 as the snall est
possi bl e angle switching units. These angle switching units A51, A52, and
A53 have presentation tines of 2, 1, and 3 seconds, respectively. 10

The second angle data MA2 S|n1larly conpri ses angle switching units Bl1,
B12, and B13, and. the third angle data MA3 conprises angle sw tching unlts
.Cl1, Cl12, and Chiedeartatnifort faartaainglrey 1y iswhiares Aoy tintdiani tiesmpecandtdy

have presentation times of 2, 1, and 3 15 seconds. Because the
synchroni zed i ntwdrllleavssultid s t hus have the same presentation tines,
conti guous audio and video reproduction can be achi eved w t hout
i nterruptions or Fig. 45 shows multi-angle scene control when the
| multi-angle data MAB and MAC shown in Fig. 77 contaln
5 different audlo data. Common angle data BAl and BA3
contain the common audio data of the common scenes before
and after the multi-angle scene period. The first angle
data MAB comprises first angle interleave unit audio data
ILVUb1l and ILVUb2, the smallest angle switching unit within
10 the multi-angle scene period. The second angle data MAC
likewise comprises second angle interleave unit audio data
ILVUcl and ILVUc2.
Fig. 14 shows the audio waves resulting from the
 audio data recorded to the multi-angle data MAB énd MAC
L 15 within multi-angle scene period T2. The contiguous audio
output of angle data MAB is formed from the two interleaved
unit audio data ILVUbl and ILVUb2. The contiguous audio
output of angle data MAC is likewise formed from the two
interleaved unit audio data ILVUcl and ILVUc2.

20_ What happens when reproduction of angle data MAC
is switched to during reproduction of the first interleave
unit audio data iLVUbl in angle data MAB is described
below. In this case reproduction of interleaved unit

ILVUc2 occurs after reproduction of interleaved unit ILVUb1l

25 is completed. As a result, the audio wave resulting from



overlaps at the angle switching position even when the user 20 Swi t ches
fromone angle to another angle, and seam ess information presentation can
therefore be achi eved as previously described. To achieve the data

structure shown in Fig. 46, i.e., to set the actual presentation tines of
the smal | est 25 angle switching units of the audio and video materi al
I n -144 - PCT/ JP96/ 02806 the multi-angle scene period to

the sane tinmes, the nunber of reproduction franes in each interleave unit
nmust be the sanme. MPEG data conpression nornmally operates on the GOP unit

l evel, and two paraneters defining the G2 structure 5 ar BCTHEPH/G2RION
values. Mis the |- or P-picture cycle, and N is the nunber of franes
contained in that GOP. Furthernore, changing the Mor N paraneter setting
frequently during the encodi ng process sinply conplicates MPEG vi deo
encodi ng control, and is not, therefore, 10 normal |y done. A method of
achieving the data structure shown in Fig. 46, i.e., a nmethod of setting
the actual presenései owot interdéavbe amitkeds anplizednwivaye g whicwn &y t he
audi o and video material in the nulti-angle scene period to the 15 sane
times, is descrabdiobwhves MABhCr éheFégeelRe FNgte7ghaks thise resmiiiang mhio
in Fig. 78 wites two angle data units MAB and MAC to the nulti-angle scene
period, and eachuﬁngtewéaﬁalﬁnPPnc§ﬁﬁFF§B§u§thiFP@rP@&G@H%ﬁﬁqﬁ?Hﬁgﬂﬁfﬂn '

and the audio connection is therefore not completely
5 satisfactory. |
If the audio data is encoded using bolby AC-3
coding, the problems are even greater because AC-3 coding
use time-base correlations. Specifically, because the
audio is coded using time-base signal correlations,

10 | reproduction becomes impossible at the angle switching
point when the user attempts to stop the audio data from
one angle and switch to the audio data of another angle
during reproduction in a multi-angle scene period.

Thus, when each angle in a multi-angle scene

\;;' 15 period contains discrete audio data, tbe audio output may

be intermitted between the connected data units when the
angle is changed. Depending on tﬁe content of the data in
such casés, noise and/or audio interruptions may occur
during reproduétion, resulting even in irritation or

20 discomfort to the user. Such discomfort is a product of
the non-contiguity in the reproduced information content,
and can therefore be avoided by assuring information
contiguity or preventing information intermittence.

Seamless information presentation can thus be achieved.



and |1 LVUb2, and ILVUcl and |ILVUc2, respectively. ThIS Is 20 for
sinplicity of discussion only. Each interleaved unit is a GOP structure.
The GOP structures in the nulti-angle scene period set the Mand N
paranmeters of the synchronized interleaved units ILVUbl and ILVUcl to the
sanme values, and simlarly set the Mand N paraneters of the synchronized
25 interl eaved units ILVUb2 and ILVUc2 to the sane val ues. By - 145
- PCT/ JP96/ 02806 t hus using the same GOP structure
paranmeters in both angle data MAB and MAC, the presentation tines of the AV
data in different angles can be set to th43sane on the smal | e RCEFRIGE02806
swtching unit level. Thus, when the angle is 5 - changed fromfirst
angle data MAB I LVUb2 to angle data MAC | LVUc2, contiguous video
presentation without video intermttence or overlap at the angle sw tching
posi tion can be achi eved because the angle switching timng between these
two ILVU is the sane. 10 A nethod for actually setting the

audi o data presentation tuiREicangle stehkegbntigle asdordingg twnithd evel to
the sanme value in different angles is described next with reference to Fig.

79. As in.Fig. presthe inventdewe ignidescirlivedl nekitViutith keferkncendad [RAg2
contain 15 I nterl eaved audi o and vi deo packets, indicated as A and V,
respectively. Th6.au®hvepaekhgileAdadaaMailzeMadd pm@@@ﬁ@aﬁ391Wﬂkﬁ¥9Qu¥9

normal |y constant. As also shown in the figure,
multl—angle scene period T2 in this example.

5 . The first angle data MAl thus contains angle

(o switching units Al11, A12, and Al3 as the smallest possible
.angle.switching units. These angle switching units A51,
A52, and A53 have presentation times of 2, 1, and 3
seconds, respectively.

10 The second angle data MA2 similarly comprises
angle switching units B11, B12, and B13, and the third
angle data MA3-Com§rises angle switching units €11, cCi2,
and C13. Each of these angle switching units also
respectively have presentation times of 2, 1, and 3

15 seconds. |

Because the synchronized interleave units thus
have the same presentation times, contiguous audio and
video reproduction can be achieved without interruptions or
overlaps at the angle switching position even when the user

20 switches from one angle to another angle, and seamless
information presentation can therefore be achieved as
previously described.

To achieve the data structure shown in Fig. 46,
i.e., to set fhe actual presentation times of the smallest

- 25 angle switching units of the audio and video material in



| LVUbl and I1LVUcl in the nmulti-angle scene period have the 20 sane
nunber of audi o packets (2), and ILVUb2 and |ILVUc2 have the sanme nunber of
audi o packets (3). By thus witing the same nunmber of audi o packets to the
synchroni zed interleaved units ILVU of different angle data MAB and NMAC,
the audi o data presentation tines can be set the sanme on 25 the smal | est
angle switching unit level in different -146 -

PCT/ JP96/ 02806 angl es. Thus, when the view is changed between angl e data
MAB and MAC, contiguous audio presentation w thout audio intermttence or
overlap at the angle sw tching position cgaghe achi eved becaus@QT/FPre6/02806
swtching timng does not 5 change. However, if each of the small est
angle switching units in the nmulti-angle scene period contain audio data
descri bing discrete audio waves, it nmay not be possible (as described above
with reference to Fig. 12) to achieve 10 contiguous audi o data
reproduction at the angle switching point by sinply coding each snall est

angl e swi tchi ng ¥Rkt nhhleYUhndileh slafics §BR i3ditd dHed SRS Aiiintld OtHd Mumbér

is possible to avoid intermf{ting the audi o presentati on, however, by .
wWiting the saneofceaproiuettdon Famedsd igAdactd intaiglarenidmith must be the

mul ti-angle scene period on the snallest angle switching unit (ILVU) |evel.
As previously desamehedMPEsadiatas confpareatiicon noresdiiyatopmradses an ddie cGRE
by arraying the data to assure conti guous . ' '
unit level, and two parameters defining the GOP structure
5 are the M and N values. M is the I~ or P-picture cycle,
and N is the number of frames confained in that GOP.
Furthermore, changing the M or N parameter setting
frequently during the encodiﬁg process simply complicates
MPEG video encoding control, and is not, therefore,
10 normally done.
A method of achieving the data structure shown in
Fig. 46, i.e., a method of setting the actual presentation
times of the smallest angle switching units of the audio
and video material in the multi-angle scene period to the
\w; 15 same times, is described below with reference to Fig. 78.
As the example shown in Fig. 78 writes two angle
data units MAB and MAC to the multi-angle scene period, and
each angle data unit comprises two interleaved units ILVUbl
and ILVUb2, and ILVUcl and ILVUc2, respectively. This is
20 for simplicity of discussion only. Egch interleaved unit
is a GOP structure. The GOP structures in the multi-angle
scene period set the M and N parameters of the synchronized
interleaved units ILVUbl and ILVUcl to the same values, and
similarly set the M and N parameters of fhe synchronized

25 interleaved units ILVUb2 and ILVUc2 to the same values. By



i nformati on content before and after the connection points 20 in the
reproduced data, or by formatting the data in closed data units that are
conpl etely reproduced at the switching points. A further multi-angle scene
period data structure in which cormmon audio data is witten to each
différent 25 angle is showm in Fig. 80. Unlike the structure shown in
-147 - PCT/ JP96/ 02806 Fig. 45, this data structure is
achieved by witing audio data that is conplete within each switching unit
(interleaved unit ILVU) to the angle data MAB and MAC. Because the audio
data is thus conplete within 5 each [ pgecl eaved unit | LVU, pagimoalolsos
produci ng a disconforting audio wave as a result of connecting different
audi o waves at the angle switching point will not result even when the
angle is changed by switching fromfirst angle interleaved unit ILVUbl to
second angl e 10 interleaved unit 1LVUc2 within an encoded audi o data
mul ti-angle scene period thus structured. Note that if the audio data is

formed with the ?ﬁ‘HE ﬂg%gniéﬁ}éesgﬂet 86p' BteLERA¥RI pdBiaheltle 1"}‘1V‘ﬂoth angle

seani ess i nfor I on preséntation can obviously be achieve ] ust
when the audi 0 v@x€adghB hRaCARE!, ei:ﬁewg&aganea%hohmtq&nb%awtm v lddéa in

When the audio data is coded u3|ng Dol by AC-3 audi o coding, the tine-base

correl ati ons cangbefegéatnafigles can be set to the same on the smallest
angle switching unit level. Thus, when the angle ié

5 changed from first angle data MAB ILVUb2 to“angle data MAC
ILVUc2, contiguous video presentafion without video
intermittence or overlap at the angle switching position
can be achieved because the angle switching timing between
these two ILVU is the same.

10 A method for actually settihg the audio data
presentation times on the smallest angle switching unit
level to the same value in different angles is described
next with reference to Fig. 79. As in Fig. 77, the
interleave units ILVUbl, ILVUb2, ILVUcl, and ILVUc2 contain

W< 15 interleaved audioc and video packets, indicated as A and V,

| respectively.
The audio packef A data size and presentation
times are normally constant. As also shown in the figure,
ILVUb1l and ILVUcl in the multi-angle scene period have the
20 ~ same number of audio packets (2), and ILVUb2 and ILVUc2
| have thelsame number of audio packets (3). By thus writing
the same number of audio packets to the synchronized '
interleaved units ILVU of different angle data MAB and MAC,

the audio data presentation times can be set the same on

25 the smallest angle switching unit level in different



even when the angle is changed, and contiguous audio 20 reproduction
can be achieved at the angle switching point wthout noise or
intermttence, because common audio data is witten to the smallest angle
switching units (ILVU) of the angle data or is conplete within each

interl eaved unit |LVU -148 - PCT/ JP96/ 02806 It shoul d
be noted that the present invention shall not be limted to only two or
three types of angle data MA within the nmulti-angle scene period. The

mul ti-angle scene period T2 shall also not be limted to 5 VOB uni ts,
and may extend for the duration of the tjj{g-stream It is thepefwr®s6/02806
possi bl e to achieve seam ess information presentation as previously
defined. The operation of nulti-angle control based on the 10 di gi tal
video disk data structure is thus as descri bed above. A nethod of recording
to the recording nediumnulti-angle control data specifically enabling
selection of a different angle data unit while reproduci ng one angle 15

data unit in th MUl dyh.5 &N [ Ofl i Vv c
& mul g @ %ﬁes.}zcafﬂévfg, ggs ShahiQu8 Sétgggg gh&@é data

bel ow. The common “angl e data B own in | 23 1s”arrayed t _
conti guous bl oCARLHR, MABE LSRELGHESNE aidhiodgteshtabeonlithaigl audaba

MAL, MA2, and MA3 in the
intermittence or overlap at the angle switching position
can be achieved because the angle switching timing does not
5 change. h
However, if each of the smallest angle switching
units in the multi-angle scene period contain audio data
describing discrete audio'ﬁaves, it may not be possible (as
described above with reference to Fig. 12) to achieve
10 contiguous audio data reproduction at the angle switching
point by simply coding each smallest angle switching unit
(ILVU) with the same audio data presentation time. It is
possible to avoid intermitting the audio presentation,
however, by writing the same (common) audio data to each
W 5 angle within a multi-angle scene period on the smallest
angle switching unit (ILVU) level. As previously
.described, seamless informatioﬁ presentation can be
achieved by arraying the data to assure contiguous
information content before and after the connection points
20 in the reproduced data, or by formatting the data in closed
data units that are completely reproduced at the switching
points.
A further multi-angle scene period data structure
in which common audio data ishwritten to each different

25 angle is shown in Fig. 80. Unlike the structure shown in



20 mul ti-angle scene period is arrayed to an interleaved bl ock region,
and the common angle data BA3 follow ng thereafter is arrayed to the next
contiguous block region. Referenced to the data structure shown in Fig. 16,
t he common angl e data BAl constitutes one cell, the nulti-angle data MAL,
25 MA2, and MA3 each constitute one cell, the cells -149 -

PCT/ JP96/ 02806 corresponding to the nulti-angle data MAL, MA2, and MA3
constitute one cell block (the cell block node CBM of the MAL cell = "cel

bl ock start”, the CBMof the MA2 cell = "between first and | ast cells", and

the CBM of the MA3 cell 5 = "cell blogkzend"), and these cedT/HPIBIEZR06
are angle bl ocks (cell block type CBT = angle). The common angl e data BA3
is the cell that connects to that angle bl ock. The cell-cell connections
are also set for seanl ess playback (seam ess playback flag SPF = "seanl ess
pl ayback"). 10 The structure of the streamcontaining a

mul ti-angle scene period and the basics of the on-disk layout in the

preferrod enbodi gegt g, BAsENUERL] ARrALe,3ROYR bBnELGeatby Thautiy imand) ¢

scene period is ériod imwhich the stream can be freely changed by the

user. In 15 agathetfhd 58 bBppikbtuciitfinhewen Bwiitehihg unlit s possible
to swtch to VOB-C or VOB-D during reproduction of VOB-B. It is therefore

| i kewi se possi bl giheerdebvat anYEBIBVO) YoBtReduhgle BeaoMAB: iaom MACLOB- C,
and to switch to VOB-C or VOB-B during reproduction of VOB-D. : :
Because the audio data is thus complete within
N 5 each interleaved unit ILVU, audio data producing a
| discomforting audio wave as a ;esﬁlt of connecting
different audio waves at the angle switching point will not
result even when the angle is changed'by switching from
first angle interleaved unit ILVUbl to second angle
10 interleaved unit ILVUc2 within an encoded audio data
multi~angle scene period thus structured.

Note that if the audio data is formed with the
same audio wave on the interleaved unit ILVU level,
seémless information presentation can obviously be achieved

\«3 15 just as when the audio wave data is complete within each
interleaved unit ILVU.

When the audio data is coded using Dolby AC-3
audio coding, the time-base correlations can be retained
even when the angle is changed, and contiguous audio

20 reproduction can be achieved at the angle switching point -
without noise or intermittence, because common audioc data
is written to the smallest angle switching units (ILVU) of

'the angle data or is complete within each interleaved unit

ILvU.



20 As previously described, the unit for changing the angl e,
. e., the angle selection unit, is the smallest interleave unit obtained
fromthe conditions defined by equations 3 and 4, and is defined as the
angleinterleave unit A-1LVU A-1LVU managenent information is al so added
25 to the angle interleave unit A-1LVU. The navigation pack -150 -
PCT/ JP96/ 02806 NV previously described corresponds to this A-|LVU
managenent information. An exanple in which the | ast pack address in the
current A-1LVU and the address of the next A-ILVU are 5 recorded for
plural angles is shown as anot her enbodi of the invention

While this figure is very simlar to Fi gnﬂ}tz the angl e mterlggg?l%r?{ﬁ%
A-1LVU conprises two video object units VOBU in this exanple, and the

navi gati on pack NV of each VOBU contains the ILVU end 10 pack address

| LVU EA indicating the address of the last pack in the ILVU to which the
VOBU bel ongs, and the next-ILVU start address for each angle data bl ock #1

0 (SWL_AGL_CLDSTA - S\ AGtoPa BRI Alordicpfa @ ehe pPasane. SHOLARIEA oo

the number of sectors fron1the navi i'on pack ainn

address i nfor matdim ﬂé‘t%&'ﬁfmiﬁea‘htGhoﬁbf“@wbSofotﬁi‘&éetﬁﬁéé of angle
i nformation indicating that there is no an data, e.g 0, 1Is recorg

By thus recordi r@ﬁamztaﬁtmmktndcm@ﬁﬁlam?wesaeﬂé ﬂaéﬂb&tar@héddress for
each angle data block #1 - #9, it is possible to know the

multi-angle scene period T2 shall also not be limited to

5 VOB units, and may extend for the duration of the title
stream. '
It is therefore possible to achieve seamless
information presentation as previously defined.
The operation of multi-angle control based on the
10  digital video disk data structure is thus as described
above.
A method of recording to the recording medium
multi-angle control data specifically enabling selection of
a different angle data unit while reproducing one angle
\vj 15 data unit in the same multi-angle scene period is, however, -
described below; | |
The common angle data BAl shown in Fig. 23 is
arrayed to a contiguous block region, the interleave unit
data of the multi-angle data MAl, MA2, and MA3 in the
20 ‘multi-angle scene period is arrayed to an interleaved block
region, and the common angle data BA3 following thereafter
is arrayed to the next contiguous block region. Referenced
to the data structure shown in Fig. 16, the common angle
data BAl constitutes one cell, the multi-angle data MA1,

25 MA2, and MA3 each constitute one cell, the cells



20 address of each next selectable angle and to switch to a different
angl e scene wi thout reading unnecessary angle information. For interleaving
data in the nulti-angle scene period, all angles are interleaved to the
sanme time 25 reference (interleave boundary) using the angle interl eave
-151 - PCT/ JP96/ 02806 unit A-1LVU for the shortest read
time. This is to enable the angle to be changed as qui ckly as possible
within the performance limts of the DVD player. Interleave unit data is
tenporarily stored to the track buffer, and the data for 5 t he angle
sel ected next is then input to the trackihgtfer. However, the pENIPI8I02806
cannot be reproduced until the data for the previous angle (the angle being
reproduced when the angle was changed) in the track buffer has been
consuned. It is therefore necessary to mnimze the size of the angle 10
interleave unit A-ILVU in order to maxim ze the speed at which the next
angl e scene can be selected and presented. A common interleave unit size

and boundary pOébﬁgapwa&n&h%efcateemﬁqt&&%g%t R mq NV ond a3 ng

each angle. This nmeans that “the reproduction’tine of the ‘15 encoded
video stream f opghBgitlieeVoReMBel 110K JEMR c@1leadcKOmodNCBM @1 i the at
whi ch each interleave unit can be reproduced nust be the sane, i.e., the

interl eave uni t MAauedaldi es"eell baockmatartiMqr thec ICEM toefi Iiﬂrza/emmmebl #* he

same reproduction tine in each angle. Mre specifically,

"between first and last cells", and the CBM of the MA3 cell.

5 = %cell block end"), and these cell blocks are angle blocks
(cell block type CBT = angle). The common angle data BA3
is the cell that connects to that angle block. The
cell-cell connections are also set for seémless playback
(seamless playback flag SPF = "seamless playback").

10 The structure of the stream containing a
multi-angle scene period and the basics of the on-disk
layout in the preferred embodiment of the invention are
shown in Fig. 47. The multi-angle scene period is a period
in which the stream can be freely changed by the user. 1In

15 a stream with the structure shown in Fig.. 47, it is
possible to switch to VOB-C or VOB-D during reproduction of
VOB-B. it is therefore likewise possible to switch to
VOB-B or VOB-D during reproduction of VOB-C, and to switch
to VOB-C or VOB-B during reproduction of VOB-D.

20 As previously described, the unit for changing
the angle, i. e., the angle selection unit, is the smallest
interleave unit obtained from the conditions defined by
equations 3 and 4, and is defined as the angle interleave
unit A-ILVU. A-ILVU management information is also added

25 to the angle interleave unit A-ILVU. The navigation pack



20 the VOBs constituting each angle nust be divided into the sanme
nunber of interleave units, and the reproduction tine of said interleave

units nust be the sane in each angle, i.e., the VOBs constituting each
angl e nust be divided into the sane nunber N of interleave units, 'and the
k-th - 152 - PCT/ JP96/ 02806 interl eave unit (where 1

[err] k [err] N) in each angle nust have the sanme reproduction tine.
Moreover, to seam essly reproduce the jnterleave units between each angle,
t he encoded stream nust be 5 conplete within each interleave units.
This means that under the MPEG standard, -gsgl-osed GOP struct ur PQERTPI6/92806
conpression nethod that does not reference any franmes outside the

interl eave unit nust be used. If this nmethod is not used, it is not

possi ble to seam ess connect and 10 reproduce interleave units from
different angles. By using this VOB structure and interleave unit

al i gnnent, however, contiguous reproduction .is possible tine-wse even if

the angle is Chaﬁ%ﬂ»re%%u‘%‘]ﬁbaés%ﬂub'&heEb%%_ ldlsS o tiries Mdtnvingl e 15
scene period is determ ned by the nunber of interleave units in the other

angl es that can hanageaptd Wnitbrmatlien.unpabl e di stance after an interl eave
unit is read. Regarding the arrangenent of the interleaved units in each

angle, the interleave unitan exasplecdnf which theadlasinglackR @ddress ein the
arrayed in the angle sequence, and are subsequently
current A-ILVU and the address of the next A-ILVU are
~ S5 . recorded for plural angles is shown as another embodiment
of the invention in Fig. 48. While this figure is very
- similar to Fig. 42, the angle interleave unit A-ILVU
comprises two video object units VOBU in this example, and
the navigation pack NV of each VOBU contains the ILVU end
10 pack address ILVU_EA-indicating the address of the last
pack in the ILVU to which the VOBU belongs, and the
next-ILVU start address for each angle data block #1 - #9
(SML_AQL_Cl_DSTA - SML_AGL_C9 _DSTA). These addresses are
expressed as the number of sectors from the navigation pack
2 15 NV containing the address information. 1In fields in which
there is no angle data, information indicating that there
is no angle data, e.g., 0, is ;ecorded. By thus recording
the last pack address and the next-ILVU start address for
each angle data block'#l - #9, it is possible to know the
20 address of each next selectable angle and to switch to a
different angle scene without reading unnecessary angle
information.
For interleaving data in the multi-angle scene

period, all angles'are interleaved to the same time

25 reference (interleave boundary) using the angle interleave



followed by the interleave units reproduced next in each angle being
arrayed in the angle sequence. Thus, if the nunber of angles is M (where M
is a natural nunber, and 1 [err] MJ[err] 9), the mth angle is angle #m
(where mis a natural 25 nunber, and 1 [err] m[err] M, the nunber of
interl eave units is N -153 -~ PCT/ JP96/ 02806 (where N is
a natural nunber greater than or equal to 1), and the n-th interleave unit
in‘a VOBis interleave unit #n (where n is a natural nunber, and 1 [err] n

[err] N, the interleave unit sequence is angle #1 interleave ' ﬁ

angle #2 interleave unit #1, angle #3 int’éSIle'ave unit #1, . lﬁa}zjﬁ’tfl" &g@?SM
interleave unit #1, angle #1 interleave unit #2, angle #2 interleave unit
#2, If the interleave unit length of each angle is the shortest read tine
for seaml essly sel ected angl es where 10 t he angl e change is seanl ess,

t he maxi num di stance that nust be junped when novi ng between angles is the
distance fromthe first angle interleave unit in the sequence to the | ast

interl eave unit MRith@-THWAF Ifar hamishardasindeat wime nexdhifgle to enable

reproduced within_the sequence of .angle 15 . i.nterl eave units rﬁﬁ£0du ed
at the same tinetherAngle tq fe fhangedb s gk %,pcfsfféﬂf{ﬁmw ratAnta®

et 901 1Y L1 il SVl o R oA, s e
mul ti-angl e Sm‘t%@'¥¥mﬁ3¥§}ily stored to the track buffer, and the data for
S the angle selected next is then input to the track buffer.
N~ However, the next angle cannot be reproduced until the data
for the ﬁrevious angle (the angle being reproduced when the
angle was changed) in the track buffer has been consumed.
It is therefore necessary to minimize the size .of the angle
10 interleave unit A-ILVU in ordér to maximize the speed at
which the next angle scene can be selected and presented.
A common interleave unit size and boundary position must
therefore be used befween the VOB constituting each angle.
This means that the reproduction time of the
15 encoded video stream forming the VOB must be the same for
each VOB, and the time at which each interleave unit can be
reproduced must be the same, i.e., the interleave unit
boundaries must be common, for each interleave unit at the
same.reproduction time in each angle. More specifically,
20 the VOBs constituting each angle must be divided into the
same number of interleave units, and the reproduction time
of said interleave units must be the same in each angle,

i.e., the VOBs constituting each angle must be divided into

the same number N of interleave units, and the k-th



angl e nmust be seaml essly reproduced, but seam ess reproduction is not

requi red when novi ng between angles. Therefore, if the interleave unit

| ength of each angle is the shortest read tine, the maximum di stance that
must be 25 j unped when novi ng between angles is the distance between
-154 - PCT/ JP96/ 02806 the interleave units of each angle.
Thus, if the nunber of angles is An, the junp distance nust satisfy the
foll owi ng equation 8. max. angle ILVU length x (An - 1) [err] junpable

di stance 5 _ [ 8] The method of managi ng addresses on the
switching unit |evel between multiple anglld2data VOB in nul ti - REGI/EP/E2R06
periods is described below wth reference to Figs.-49 and 50. In Fig. 49
the angle interleave unit A-ILVUis the 10 - data switching unit, and the
address of another angle interleave unit A-ILVUis witten to the

navi gati on pack NV of each angle interleave unit A-ILVU. Fig. 49 shows the
address description achi eving seam ess reproduction, i.e., uninterrupted
reproduction of ihtenligaveanditi dwberat d. <18 < NJhin eddheasigle mtsttodhave
specifically provides for control whereby only the data for the interleave
units of the angFbet&aBe ¥epreductdonstidgd into the track buffer when the

angle is changed. Fig. 50 shows an exanple iin which the vide% 20 ., obj ect
unit VOBU i s the data sw t SRFREVERirt toamGamigssly reproduce the interleave

units between each angle, the encoded stream must be
5 complete within each interleave units. This means that .
N under the MPEG standard, a closed GOP structure using a
compression method that does not reference any frames
outside the interleave unit must be used. If this method
is not used, it is not possible to seamless connect and
10 reproduce intefleave units from different angles. By using
this VOB structure and interleave unit alignment, however,
contiguous reproduction is possible time-wise even if the
angle is changed. |
The number of interléave units in the multi-angle
15 scene period is determined by the number of interleave
units in the other angles that can be arrayed within the
jumpable distance after an interleave unit is read.
Regarding the arrangement of thé interleaved units in each
angle, the interleave units reproduced first in each angle
20 are arrayed in the angle sequence, and are subsequently
followed by the interleave units reproduced next in eéch
angle being arrayed in the angle sequence. Thus, if the
number of angles is M (where M is a natural number, and 1 <
M £ 9), the m~th ahgle is angle #m (where m is a natural

25 number, and 1 £ m < M), the number of interleave units is N



address of another video object unit VOBU is witten to the navigation pack
NV of each video object unit VOBU. This addressing nethod provides for

non- seam ess reproduction control whereby reproduction can be changed as

qui ckly as - 155 - PCT/ JP96/ 02806 possi bl e to anot her
angl e near the tinme when the angle is changed. In Fig. 49, each angle
interleave unit A-ILVU in the three nulti-angle data VOB-B, VOB-C, and
VOB-D records 5 as the address of the next angle interleave unit A-1LVU

to be reproduced the address of a chronolqgically later A-1LVU. .
VOB-B is designated angle #1, VOB-Cis andg@'#z, and VOB-D is &ﬁgﬁ@ﬁ%%B%&#E
mul ti-angle data VOB-B consists of angle interleave units A-1LVUbl, 10
A-1LVUb2, and A-1LVUb3. multi-angle data VOB-C simlarly consists of angle
interleave units A-1LVUcl, A-1LVUc2, and A-1LVUc3, and nulti-angle data
VOB-D of angle interleave units A-1LVUd1, A-1LVUd2, and A-1LVUd3. .  The

navi gation pack NV of angle interleave unit 15 A- 1 LVUbl contai ns

SML_AGL_C#1_DSTA(pbenei Ngisoat paturedt npaberd eater thameon egipl to 1),
interleave unit A-1LVUb2 in VOB-B, .as shown by line Pblb; SM. AG C#2 DST

pointing to the PBRathfe gl é§‘§96'f1%- enditgiid ian{aa éﬁ/éwlﬂim A#n

Shoun by 11 ne PbABReRRIASHE. AChaRAT oS PATRS AT (AR tho % b % Al 1Y addr ess

of the VOB-D angh%tefleave unit sequence is angle #1 interleave unit #1,

5 angle #2 interleave unit #1, angle #3 interleave unit #1, .

N> . . angle #M interleave unit #1, angle #1 interleave unit
#2, angle.#z interleave unit #2, . . . |

If the interleave unit length of each angle is
the shortest read time for seamlessly selected angles where

10 the angle change is seamless, the maximum distance that
must be jﬁmped when moving between angles is the distance
from the first angle interleave unit in the sequence to the
last interleave unit-in the interleave unit sequence of the
next angle reproduced within the éequence of angle

15 interleave units reproduced at the same time. Thus, if the
number of angleé is An, the jump distance must satisfy the
following equation 7.

max. angle ILVU length x (An - 1) x 2 £ Jjumpable
distance (71 .

20 With non-seamless multi-angle switching, each
angle must be seamlessly reproduced, but seamless
reprodﬁction is not required when moving between angles.
Therefore, if thé interleave unit length of each angle is

the shortest read time, the maximum distance that must be

25 jumped when moving between angles is the distance between



interleave unit A-1LVUd2 as shown by line Pbld. As shown by |ines Pb2b,

Pb2c, and Pb2d, the navigation pack NV of the next angle interleave unit 25
A-1LVUb2 in the same video object VOB-B |ikew se contains - 156 -

PCT/ JP96/ 02806 SM._AG._C#1 DSTA, SM._AG._C#2_DSTA, and SM._AG._C#3_DSTA
pointing to the relative address of the next angle interleave units
A-1LVUb3, A-1LVUc3, and A-1LVUd3 in VOB-B, VOB-C, and VOB-D, respectively.

5 Note that the relative addresses are all expressed as the
nunber of sectors fromthe navigation pack NV of the VOBU contained in each
interl eave unit. Addresses are sinilarly-viStten to the navi gat PER/IBPI6/02R06
of the first angle interleave unit A-ILVUc1l in 10 - VOB-C, i.e., SM. AGL
C#2 DSTA pointing to the relative address of the next angle interleave unit
A-1LVUc2 in VOB-C as shown by line Pclc; SM._AG._CH1 DSTA pointing to the
rel ative address of the sane (next) angle interleave unit A-1LVUb2 in

VCB-B, as shown by line Pclb; and 15 SM._AG._C#3 DSTA pointing to the

rel ati ve address tife tirteédedvreangiits ndferéasty eangieé. A-Thivkll2i istsaonnmber of
| ine Pcld. As shown by lines Pc2c, Pc2b, and Pc2d, the navigation pack NV _
of the next angl engites |ismin urhe Aunp/distancoBnGt | sabi sty cbheafadlowing
rel ative addresses 20 | SM._AG._C#2 DSTA, SM._AG._C#l1l DSTA, and
SM._AGL_C#3 DSTAgsB1a#3oy &0 the next angle interleave units A-ILVUc3, °

max. angle ILVU length x (An - 1) < Jjumpable distance

5 [8] "

"~ The method of manaéing addresses on the switching
unit level between multiple angle data VOB in multi-angle
scene periods is described below with reference to Figs. 49
and 50. In Fig. 49 the angle interleave unit A-ILVU is the .

10 data switching unit, and the address of another angle
interleavé unit A-ILVU is written to the navigation pack NV
of each angle interleave unitlA-ILVU. Fig. 49 shows the
address description achieving seamless reproduction, i.e.,
uninterrupted reproduction of the audio and video data.

15 This addressing method specifically provides for control .
whereby only the data for the interleave units of the angle
to be reproduced is read into the track buffer when the
angle is changed.

Fig. 50 shows an example in which the video

20 object unit VOBU is the data switching unit, and the
address of another video object unit VOBU is written to the
navigétion pack NV of each video object unit VOBU. This
addressing method provides for non-seamless reproduction

control whereby reproduction can be changed as quickly as



A-1LVUb3, and A-1LVUJ3 in the respective video objects VOB. Again note that
the relative addresses are all expressed as the nunber of sectors fromthe
navi gati on pack 25 NV of the VOBU contained in each interleave unit.

- 157 - PCT/ JP96/ 02806 Addresses are simlarly witten to

t he navigation pack NV of the first angle interleave unit A-1LVUIl in
VOB-D, i.e., SM._AGQ._C#3 DSTA pointing to the relative address of the next
angle interleave unit A-1LVUd2 in VOB-D 5 as shown by |ine Pdld;
SM._AGL_C#1 DSTA pointing to the relative address of the sane (next) angle
interleave unit A-1LVUb2 in VOB-B, as showl5$y |ine Pdlb; and PCT/IP96/02806
SM._AG._C#2 DSTA pointing to the relative address of VOB-C angle interl eave
unit A-1LVUc2 as shown by line Pdlc. 10 As shown by |ines
Pd2d, Pd2b, and Pd2c, the navigation pack NV of the next angle interleave
unit A-1LVUd2 in VOB-D |li kewi se contains the relative addresses
SML_AG._C#3_DSTA, SM._AG._C#1 DSTA, and SM._AG._C#2_DSTA pointing to the

next angle interlpadeiblit ¢oAahb¥Héz ahyle néalrl 3 titied whven i3 driyldieis
respective video objects VOB. Again note that the relative addresses are

al | expressed as thengetther of sectors fromthe navigation pack NV of the

VOBU contained in each interleave unit. In addition to the addresses

SML_AGL_C#1_DSTA - 20 SWDLRQE;C#QLDSHAP @@Gﬂenémﬁ@@ﬁ%ﬂV%xﬂﬂdﬁ¢A1ﬂkﬂﬁ in

contains various Eg;agﬁtx_gre gn?l&%i?-%n%rleewd%lij:sal oc]ise_sBc'r IV%%d—CVYI taf;]dr eVS Be_C];[ records

5 as the address of the next angle interleave“unit A-ILVU to
be reproduced the address of a chfonologically later
A-ILVU. ©Note that VOB-B is designated angle #1, VOB-C is
angle #2, and VOB-D is angle #3. The multi~angle data
VOB-B consists of angle interleave units A-ILVUb1,

10 A-ILVUb2, and A-ILVUDb3. multi-angle data VOB~C similarly
consists of angle interleave units A-ILVUcl, A-ILVUc2, and
A-ILVUc3, and multi-angle data VOB-D of angle interleave
units A~-ILVU41, A-ILVUd2, and A-ILVUAd3.

The navigation pack NV of angle interleave unit

. 15 A-ILVUbl contains SML AGL_C#1_DSTA pointing to the relative

address of the nekt.angle interleave unit A-ILVUb2 in

VOB-B, as shown by line Pblb; SML_AGL _C#2_DSTA pointing to

the relative address of VOB-C angle interleave unit

A~-ILVUc2 synchronized to the same (next) angle interleave
20 unit A-ILVUb2 as shown by line Pblc; and SML_AGL_C#3_DSTA

pointing to the relative address of the VOB-D angle

interleave unit A-ILVUd2 as shown by line Pbld.

As shown by lines Pb2b, Pb2c, and PbZd,-the

navigation pack NV of the next angle interleave unit

25 A-ILVUb2 in the same video object VOB-B likewise contains



to Fig. 20, and further description thereof is thus omtted for sinplicity.
This address information nore specifically 25 I ncl udes in the

navi gati on pack NV of angle interleave unit - 158 -

PCT/ JP96/ 02806 A-1LVUb1l, for exanple, the end address |ILVU EA of the angle
interleave unit A-1LVUbl to which the navigation pack NV bel ongs, and the
addresses SM._AGL._C#1 DSTA, .SM._AG._C#2_DSTA,. and SM._AG._C#3_DSTA of the
navi gation 5 packs NV of the next angle interl eave units A-1 LVUb2,
A-1LVUc2, A-1LVUJ2 that can be reproduced. The navigation pack NV of
A-1LVUb2 contains the end address |LVU EA X6 -A-1 LVUb2, and t he RIBIBR6/82806
SM._AGL_C#1 DSTA, SM._AGL_C#2 DSTA, and SM._AGL_C#3 DSTA of the navigation
10 packs NV of the next angle interleave units A-1LVUb3, A-1LVUC3,
A-1LVUd3 reproduced. The navigation pack NV of A-1LVUb3, the |ast
interleave unit in the sequence in this exanple, contains the end address

| LVUEA of A-1LVUb3, and termnation information as the address of the

navi gation 15 sk AQY, af#1 IDSTRXISML [AGH) c&DMSTKednd . SML, AGINUES VRSTA
or string of all 1s as the [LVUEA. Thé specifics of the address infornmation
witten to the omedmbiingedobiher tre NGB @ adtiveg®s Bf theinexiandteare t he
sane. 20 By witing this address information to the

navi gati on packsNﬂyﬁﬁlﬁﬁﬁﬁ1QﬂkﬂﬁaATﬁRﬂVﬁﬁﬂmﬁTﬁﬁYUQQAlﬁnﬁ A~ILVUd3 in VOB-B,
VOB-C, and VOB-D, respectively.

S Note that the relative addresses ere all
expressed as the number of sectors from the navigation pack
NV of the VOBU contained in each interleave unit. |
Addresses are similarly written to the navigation
pack NV of the first angle interleave unit A-ILVUcl in
10 VOB-C, i.e., SML_AGL_C#z;DSTA pointing to the relative
address of the next angle interleave unit A-ILVUc2 in VOB-C
as shown by line Pclc; SML_AGL C#1_DSTA pointing to the
relative address of the same (next) angle interleave unit
A~ILVUb2 in VOB-B, as shown by line Pclb; and
.\// 15 SMI, AGL_C#3_DSTA pointing to the relative address of the
VOB-D angle interleave unit A-ILVUd2 as shown by line Pcid.
As shown by lines Pc2c, Pc2b, and Pc2d, the
navigation pack NV of the next angle interleave unit
A-ILVUc2 in VOB;C likewise contains the relative addresses
20 SML_AGL_C#2_DSTA, SML_AGL C#1_DSTA, and SML_AGL C#3_DSTA
pointing to the next angle interleave units A-ILVUC3,
A-ILVUb3, and A-ILVUd3 in the respective video objects VOB.
Again note that the relative addresses are all
expressed as the number of sectors from the navigation pack

25 NV of the VOBU centained in each interleave unit.



it is possible to read ahead the address of the next A-1LVU to be
reproduced i n chronol ogi cal sequence, and is therefore suited to seanl ess
reproduction. Furthernore, 25 because the address of the next A-ILVU in
each of the other. -159 - PCT/ JP96/ 02806 avai |l abl e angl es
I's al so recorded to each navigation pack NV, the next address of the

sel ected angl e can be easily obtained w thout giving special consideration
to whether the angle is changed or not, and junping to the next 5
interleave unit can be controlled by the same control sequence. By thus-
recording the relative addresses of each I&71VU that can be sePET{IP602806
each angle, and constructing the encoded video stream contained in each 10
A-1LVU fromcl osed GOP, seamnl ess reproduction without video disruption can
be achi eved when the viewi ng angle is changed. The audio data can al so be
seanl essly reproduced if the same audio is recorded for each angle, if the
audi o 15 Is conplete within each ILVU, or if discrete audio data is
recorded. Mreover, if |idaxddmsdsenridire daimilarlyoar eten cteathei naeigatiod
unit ILVU, the listener will not even be able to discern that the audio
track has changawmd¥ Nhefiklie firskanebs|intepleaie can i rysELEBdLein
changes. 20 A data structure enabling non-seam ess

reproduction of VR chahgeSML _ACSL G#RZBSEA printing to the relative
address of the next angle interleave unit A-ILVUd2 in VOB-D

5 as shown by line Pdild; SML_AGL C#1 DSTA poiﬁting to the

g relative address of the same (nexﬁ) angle interleave unit
A-ILVUb2 in VOB-B, as shown by line Pdlb; and
SML_AGL_C#2_DSTA pointing to the relative address of VOB-C
angle interleave unit A-ILVUc2 as shown by line Pdilc.

10 _ As shown b& lines Pd2d, Pd2b, and Pd2c, the

| navigation pack NV of the next angle intérlgave unit

A-ILVUd2 in VOB-D likewise contains the relative addresses
SML_AGL_C#3_DSTA, SML_AGL C#1 DSTA, and SML_AGL C#2_DSTA
pointing to the next angle interleave units A-ILVUAd3,

15 A-ILVUb3, and A-ILVUc3 in the respective video objects VOB.

- | Again note that the relative addresses are all
expressed as the number of sectors from the navigation pack
NV of the VOBU contained in each interleave unit.
In addition to the addresses SML_AGL_C#1 DSTA -

20 SML_AGL C#9 DSTA, each navigation pack NV also contains
various parameter data as previously described with respect
to Fig. 20, and further description thereof is thus omitted
for simplicity.

This address information more specifically

25 includes in the navigation pack NV of angle interleave unit



reproduction permtting perceptible breaks in the content of the reproduced
information, is described below with reference to Fig. 50. -160 -

PCT/ JP96/ 02806 It is assunmed in Fig. 50 that nulti-angle data VOB-B
conprises three video object units VOBUbl, VOBUb2, and VOBUb3. Miulti-angle
data VOB-C simlarly conprises three video object units VOBUcl, VOBUc2, and
VOBUc3, and 5 VOB- D conprises three video object units VOBUd1l, VOBUd2,
and VOBUd3. As in the case shown in Fig. 49, the navigation pack NV of each
vi deo object unit VOBU contains the end pack address VOBU EA of each VOBU.
Not e that this end pack address VOBUEA is-1¥f-address of a navi §&T/HRS6102806
pack NV in a VOBU conprising a navigation pack NV and one or nore other
packs. In this exanple, however, the NSM. AGL C# DSTA address witten to

t he navi gati on pack NV of each VOBU does not describe a.chronologically

| ater VOBU address, but the address of a VOBU in a different angle 15

with a reproduction tinme preceding the tinme the angle is changed. In other
wor ds, addresses ASKLVBGL , Cfor DeXamphe NShhe AGhd C48dDESA TDVUOBA of dhecrangle
angles synchroni zed to the current VOBU are recorded. As above, #1 - #9
represent 20 inteclieaveanplit AuEb¥bbl tﬁowhicblubelnawhgahlan Pagike NHT

t he correspondi ng nunber does not exist, a val ue, g 0, |nd|cat|ng t hat
the angl e does noPeiRNgE. | andetBpdaddresses SML_AGL_C#1 DSTA

SML_AGL _C#2_DSTA, and SML_AGL_C#3_DSTA of the navigétion
5 packs NV of the next angle interleave units“A-ILVsz,
A-ILVUc2, A-ILVUd2 that can be reproduced. The navigation
pack NV of A-ILVUDb2 contains the end address ILVU_EA of
A-ILVUb2, and the addresses SML_AGL C#1l DSTA,
SML_AGL_C#2_DSTA, and SML_AGL_C#3_DSTA of the navigation
10 packs NV of the next angle interleave units A-ILVUb3,
A-ILVUc3, A-ILVUd3 reproduced. The navigation pack NV of
A-ILVUb3, the last interleave unit in the sequence in this
example, contains the end address ILVU_EA of A-ILVUb3, and
termination information as the address of the navigation
S 15 pack NV of the next A-ILVU reproduced, e.g., a NULL value
or string of all 1s as the iLVU_EA. |
The specifics of the address information written
to the other video objects VOB-C and VOB-D in this example
‘are the same.

20 By writing this address inforﬁation to the
navigation packs NV of each angle interleave unit A-ILVU,
it is possible to read ahead the address of the next A-ILVU

. to be repfoduced in chronological sequence, and is _
therefore suited to seamless reproduction. Furthermore;

25 because the address of the next A-ILVU in each of the other



Thus, the navigation pack NV of video object unit VOBUbl of nulti-angle
data VOB-B contai ns NSM._AGL_C#2_DSTA and 25 NSML_AGL_C#3_DSTA, the

rel ati ve addresses of the -161- . PCT/ JP96/ 02806
synchroni zed VOBUcl and VOBUd1 in VOB-C and VOB-D as shown by |ines Pblc
and Pbld'. The navigation pack NV of video object unit VOBUb2 simlarly.
contains as shown by lines Pb2c' and Pb2d' 5 the relative addresses
NSM. AGL CH2 DSTA and NSM._AG._C#3 DSTA of the synchroni zed VOBUc2 and
VOBUd2. The navi gation pack NV of video ob&ect uni t VOBUb3 sinilar#g
contains as shown by lines Pb3c' and Pb3d59the rel ative addredekIP96/02806
NSML_AG._C#2 DSTA and NSM._AGQ._C#3 DSTA 10 of the synchroni zed VOBUc3
and VOBUd3. The navi gation packs NV of video object units VOBUcl, VOBUc2,
and VOBUc3 of VOB-C simlarly contain the relative addresses
NSML_AG._C#H1 DSTA and NSM._AG._C#3_DSTA of the respectively synchronized
VOBU as shown by |ines 15 Pclb', Pcld', Pc2b', Pc2d', Pc3b', and Pc3d'.
The navi gati on pwakdaNVeofngléeo isbjadsid meicosdeOBd] eapbBixy igatki aroBRISK of
VOB-D | i kewi se contain the rel ative addresses NSM._AG._C#1 DSTA and |
NSM._AGL_C#2_DS¥X,othehaexss pddriess pfshehsediesd@d/apgles b e 1521 s

20 Pd1b', Pdlc', ,Pd2b', Pd2c¢c', Pd3b', and Pd3c'. .The gngl e ,sel ectj.on
addr ess infornaPPBﬁ1NSQLEA@ES@$4§B§EQ%(?H%§%§5N93§5$§§ﬁ§%££ rtQKﬁhiﬁk%Yent
the angle is‘changed'or not, and jumping to the next
5 interleave unit can be controlled by the saﬁe control
(ol sequence.
By thus recording the relative addresses of each
A-ILVU that can be'seiectéd from each angle, and
constructing the encoded video stream contained in each
10 ~ A-ILVU from ciosed GOP, seamless reéproduction without video
| disruption can be achieved when the viewing angle is
changed.
The audio data can also be seamlessly reproduced
if the same audio is recorded for each angle, if the audio

15 is complete within each ILVU, or if 'discrete audio data is
recofded. Moredver, if identical audio data is recorded to
each interleaved unit ILVU, the listener will not even be
able to discern that the audio track has changed if the
audio is seamlessly reproduced across angle changes.

20 . A data structure enabling non-seamless
reproduction of angle changes, i.e., seamless data
reproduction permitting perceptible breaks in'the-content
of the reproduced information, is described below with

reference to Fig. 50.



angles #4 - #9 in this exanple record a value indicating that corresponding
angl es do not exist, e.g., a 0 value. -162- :
PCT/ JP96/ 02806 During reproduction of angle data with this data structure,
t he DVD decoder interrupts reproduction of the angle VOBU data currently
bei ng reproduced when the angle is changed, then reads and begins
reproduci ng the VOBU data 5 for the selected angle. Note that while
there appears to be a tinme offset between the interleaved units of VOB-C
relative to VOB-B and VOB-D in Fig. 50, this is nerely to facilitate easier
under st andi ng of the address descriptionslﬁﬁrtten to the 10 02806
navi gati on packs NV of each VOB using the |line arrows as shown. There is,
in fact, no tinme shifting between the respective interl eaved video objects
VOB, which are aligned as shown in Fig. 49. The data structure shown in
Fig. 50 thus contains 15 as pointers to the next VOBU to be reproduced
addresses to another VOBU that should normally be reproduced either
si nul t aneously with or' chr BholegasahmedbdhoFdgt hd0viBatc suliimamglehdata
address information. Therefore, when the angle is changed, reproduction is
continued from av@BcRecemppbses thrggsviggpnerigcti Nel STVOBURdy h PEI2 ,
encodi ng the address_informatjion. i s thus preferabl e when_.seanl ess angl e
swi t chi ng not reﬁﬁ$r¥9?up?e.,MPﬁFlﬁﬁﬁgééaﬁﬁggsVPﬁFErﬁ&?g&ﬁrﬁgbfﬁﬂﬁﬁFi in
whi ch contiguitytﬁs not.rggugged {n th '

jec

ree vid unl%s VOBUcl, VOBUc2, and VOBUc3, and
5 VOB-D comprises three video object units VOBUdl, VOBUd42,
g and VOBUd3. As in the case shown in Fig. 49, the

navigation pack NV of each video object unit VOBU contains
the end pack address VOBU_EA of each VOBU. Note that ﬁhis
end pack address VOBU_EA is the address of a navigation
10 pack NV in a VOBU comprising a navigation pack NV and one

or more other packs. In this example, however, the
NSML_AGL_C# DSTA address written to the navigation pack NV
of each VOBU does not describe a chronologically later VOBU
address, but the address of a VOBU in a differenf angle

- 15 with a reproduction time preceding the time the angle is
changed.

In other words, addresses NSML_AGL_C#1 DSTA to
NSML_AGL_C#Q_DSTA to VOBU in other angles synchronized to
the current VOBU are recorded. As above, #1 - #9 reﬁresent

20 different angle numbers. For fields in which an angle of
the corresponding number does not exist, a value, e.g., 0,
indicating that the angle does not exist is recorded.

Thus, the navigétion pack NV of video object unit VOBUbl of
multi-angle data VOB-B contains NSML AGL C#2 DSTA and

25 NSML_AGL_C#S_DSTA, the relative addresses of the



reproduced information. 25 Fl ow chart: encoder -163 -
PCT/ JP96/ 02806 The encodi ng infornmati on table generated by the encodi ng
systemcontroller 200 frominformation extracted fromthe scenario data St7
Is described below referring to Fig. 27. 5 : The encodi ng
I nformation table contains VOB set data streans containing plural VOB
corresponding to the scene periods beginning and ending at the scene
branchi ng and connecting points, and VOB data streans corresponding to each
scene. These VOB set data streams shown in Fig. 27 10 are the encoding
i nformation tables generated at step #1006 161 Fig. 51 by the encBdTAFI62E86N
controller 200 for creating the DVD nultinedia stream based on the
user-defined title content. The user-defined scenario contains branching 15
poi nts from comon scenes to plural scenes, or connection points to other
common scenes. The VOB corresponding to the scene period delimted by these.
branchi ng and connecting points is a VOB set, and the data generated to
encode a VOB set smdHroniixd IOR{Idh &id c20BUdhein i vOB~-Q0and V@BnDeas shown
specified by the VOB set data streamis the title nunber TITLENO of the VOB .
set data stream Whelirems RhletatandtRhidlve in Fig. 27 shows the data
content for encoding one VOB set in the VOB set _data . . .
The navigation pack NV of video object unit
VOBUb2 similarly contains as shown by lines Pb2c’ and Pb2d’
5 the relative addresses NSML_AGL_C#2_DSTA and
NSML_AGL_C#3_DSTA of the synchronized VOBUc2 and VOBUA2.
The navigation pack NV of video object unit VOBUDb3
similarly contains as shown by lines Pb3c’ and Pb3d’ the
relative addresses NSMI, AGL C#2 DSTA and NSML AGL C#3_DSTA
10 of the synchronized VOBUc3 and VOBUd3.
The navigation packs NV of video object units
VOBUcl, VOBUc2, and VOBUc3 of VOB-C similarly contain the
relative addresses NSML_AGL C#1_DSTA and NSML AGL C#3_DSTA
of the respectively synchronized VOBU as shown by lines
15 Pclb’, Pcld’, Pc2b’, Pc2d’, Pc3b’, and Pc3d’.
The navigation packs NV of video object units
VOBUdAl, VOBUd2, and VOBUA3 of VOB~D likewise contain the
relative addresses NSML_AGL_C#1_ DSTA and NSML_AGL_C#2_DSTA
of the respectively synchronized VOBU as shown by lines
20 Pdib’, Pdic’, Pd2b‘’, Pd2c’, Pd3b’, and Pd3c’.
The angle selection address information
NSML_AGL_C#4_DSTA to NSML_AGL_C#9_DSTA for non-existent
angles #4 - #9 in this example record a value indicating

that corresponding angles do not exist, e.g., a 0 value.



stream and conprises: the VOB set nunber VOBS NO, the VOB 25 nunber
VOBNO in the VOB set, the precedi ng VOB seanl ess -164 -
PCT/ JP96/ 02806 connection flag VOBFsb, the foll ow ng VOB seamnl ess
connection flag VOBFsf, the nmulti-scene flag VOBFp, the interleave flag
VOBFi, the multi-angle flag VOBFm the nmulti-angle seanl ess swtching flag
VOB FsV, the maxi num5 bit rate of the interleaved VOB | LVBR, the
nunber of interleaved VOB divisions ILV. DV, and the m ninuminterl eaved
unit presentation tine |ILVUMI. The VOB set nunber VOBS NOis a se%uential
nunber identifying the VOB set and the posl@ion of the VOB set PRTiF96/02806
reproducti on sequence of the title scenario. The VOB nunber VOBNO js a
sequential nunber identifying the VOB and the position of the VOB in the
reproducti on sequence of the title scenario. The precedi ng VOB seani ess
connection flag 15 VOBFsb i ndi cates whether a seanl ess connection with
the preceding VOB is required for scenario reproduction. The follow ng VOB
seanl ess connection flag VABEsing ndeprddsctimt hef damgple data withi tbis data
connection with the follow ng VOB during scenario reproduction. 20
The nulti-scene fstrpoiorrep themYD | decoder hinterouplop repredwetionsofl thel
vi deo objects VOB. The interleave flag VOBFi jdentifies whether the VOB in
the VOB set are ian¥Ele WQRY data curreéntly being reproduced when the angle
is changed, then reads and begins reproducing the VOBU data
5 for the selected angle.

Note that while there appears to be a time offset
between the interleaved units of VOB-C relative to VOB-B
and VOB-D in Fig. 50, this is merely to facilitate easier
understanding of the address descriptions written to the

10 respective navigation packs NV of each VOB using the line
arrows as shown. There is, in fact, no time shifting
between the respective interleaved video objects VOB, which
are aligned as shown in Fig. 49.

The data structure shown in Fig. 50 thus contains

15 = as pointers to the next VOBU to be reproduced addresses to

. another VOBU that should normally be reproduced either
simultaneously with or chronologically before the VOBU
containing the address information. Therefore, when the
angle is changed, reproduction is continued from a scene at

20 a past point in time. This method of encoding the address
information is thus preferable when seamless angle
switching not required, i.e., for non-seamless information
reproduction in which contiguity is not required in the
reproduced information.

25 Flow chart: encoder



The multi-angle flag VOBFmidentifies whether 25 the VOB set is a

mul ti-angle set. - -165 - PCT/ JP96/ 02806 The mul ti-angle
seanl ess switching flag VOB FsV identifies whether angle changes within the
mul ti-angle scene period are seam ess or not. The maxinumbit rate of the
interleaved VOB 5 . |ILV_BR defines the maximumbit rate of the

I nterl eaved VOBs. The nunber of interleaved VOB divisions ILV DV
identifies the nunber of interleave units in the interleaved VOB. 10

The mininuminterl|l eave unit presentation tinme |ILVU MI defines the tine that
can be reproduced when the bit rate of th&3rallest interl eavePGI/IPA%/02806
which a track buffer data underfl ow state does not' occur is the maxi mum bit
rate of the interleaved VOB ILV_BR during interl eaved 15 bl ock
reproduction. The encoding information table for each VOB generated by the
encodi ng systemcontrol |l er 200 based on the scenario data St7 is described
below referring to Fig. 28. The VOB encodi ng paraneters descri bed bel ow and
20 supplied to the vi dEbeecencddingOinfammabienctdble7genexndtesgy diyerthe
encoder 900 for stream encoding are produced based on this encoding

i nf or mati on t abl @cqiinyCeygten centuatlenodoi fremginferuptipneextracted

from the scenario data St7 is described below referring to

Fig. 27.
5 - The encoding information table coﬁtains VOB set
- data streams containing plural VOB corresponding to the
scene periods beginning and ending at the scene branching
and connecting points, and VOB data streams corresponding
to each scene. These VOB set data streams shown in Fig. 27
10 are the encoding information tables generated at step #100
in Fig. 51 by the encoding system controller 200 for
creating the DVD multimedia stream based on the
user-defined title content.
The useg-defined scenario contains branching
" 15 points from common scenes to plural scenes, or connection
points to other common scenes. The VOB corresponding to
the scene period delimited by these branching and
connecting pointé is a VOB set, and the data generated to
encode é VOB set is the VbB set data stream. The title
20 number specified by the VOB set data stream is the title
number TITLE_NO of the VOB set data stream.
The VOB Set data structure in Fig. 27 shows the
data content for eﬁcoding one VOB set in the VOB éet data

stream, and compriseé: the VOB set number VOBS NO, the VOB

25 number VOB_NO in the VOB set, the preceding VOB seamless



encodi ng information tables generated at step #100 in Fig. 25 51 by the
encodi ng systemcontroller 200 for creating the -166 -
PCT/ JP96/ 02806 DVD nul ti medi a stream based on the user-defined title
content. The encoding unit is the video object VOB, and the data generated
to encode each video object VOB is the 5 VOB data stream For exanple,
a VOB set conprising three angle scenes conprises three video objects VOB.
The data structure shown in Fig. 28 shows the content of the data for
encoding one VOB in the VOB data stream The VOB data structure contains
the video 10 material start time VOB VB4 + he vi deo materi al PERIPOBIRB06
VOBVEND, the video signal type VOB V. KIND, the video encoding bit rate
V_BR, the audio material start tinme VOBAST, the audio material end tine
VOBAEND, the audi o coding nmet hod VOBAKI ND, and the audio encoding bit rate
15 ABR. The video material start time VOB VST is the video encodi ng
start tinme corresponding to the tine of the video signal. The video
material end ti meodPRENDN SEYdE VOBIFSR) the SorDoivimg eVoBtseemless
corresponding to the tine of the video signal. The video material type
VOB_V_KI ND i dent |dommmmeﬁlamérmcwéd tipe onu Bt iTscene { HLagT¥OBoFpPALhe
f or mat ,
interleave flag VOB_Fi, the multi-angle flag VOB_Fm, the
multi-angle seamless switching flag VOB_FsV, the maximum
- - 5 bit rate of the interleaved VOB ILV_BR, the number of
interleaved VOB divisions ILV_DIv; and the minimum
interleaved unit presentation time ILVU MT.
‘ The VOB set number VOBS NO is a sequential number
identifying the VOB set and the position of the VOB set in
10 the reproduction sequence of the title scenario.

The VOB number VOB _NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The preceding VOB seamiess connection flag

- 15 VOB_Fsb indicates whether a seamless connection with the
preceding VOB is required for scenario reproduction.
The following VOB seamless connection flag
VOB_Fsf indicates whether there is a seamless connection
with the following VOB during scenario reproduction.
20 The multi-scene flag VOB_Fp identifies whether
the VOB set comprises plural video objects VOB.
The interleave flag VOB _Fi identifies whether the
VOB in the VOB set are interleaved.
The multi-angle flag VOB_Fm identifies whether

25 the VOB set is a multi-angle set.



for exanple, or is photographic material (a novie, for - -167 -

PCT/ JP96/ 02806 exanpl e) converted to a tel evision broadcast fornat

(so-called tel eci ne conversion). The video encoding bit rate VBRis the bit

rate at which the video signal is encoded. 5 The audio

material start time VOBAST is the audio encoding start time correspondi ng
to the tinme of the audio signal. The audio material end tinme VOBAEND is the

audi o encoding end tine corresponding to the time of the audio 10

signal . The audi o coding nethod VOB_A KIND identifies the audio encodin

nmet hod as AC-3, MPEG or |inear PCM for-d&3nrple. The audi o en®$ai/FBPG02806
rate ABRis the bit rate 15 at which the audio signal is encoded. The

encodi ng paraneters used by the video encoder 300, sub-picture encoder 500,

and audi o encoder 700, and system encoder 900 for VOB encoding are shown in

Fig. 29. The encodi ng paraneters include: the VOB nunber VOB _NO, 20

vi deo encode start tinme V STTM video encode end tine VENDTM the video

encode node VENCMD, the vi the ﬁﬁQedeahQUersbamWE&EEswumshnngrﬁmagﬂvnB)FsV

encode bit rate VMRATE, the GOP structure fixing flag GOPFxflag, the video
encode GOP st ruclidentGERSE, Whh&henlanaﬂevcbaogeﬁcﬂdéiﬁﬂﬁihﬂ ti-angle
scene period are seamless or not.

The maximum bit rate of the interleaved VOB

5 ILV_BR defines the maximum bit rate of the interleaved
VOBs.

The number of interleaved VOB divisions ILV_DIV
identifies the number of interleave units in the
interleaved VOB.

10 The minimum interleave unit presentation time
ILVU_MT defines the time that can be reproduced when the
bit rate of the smallest interleave unit at which a track
buffer data underflow state does not occur is the maximum
bit rate of the interleaved VOB ILV_BR during interleaved

15 block reproduction.

The encoding information table for each VOB
generated by the encoding system controller 200 based on
the scenario data St7 is described below referring to Fig.
28. The VOB encoding parameters described below and

20 supplied to the video encoder 300, audio encoder 700, and
system encoder 900 for stream encoding are produced based
on this encoding information table.

The VOB data streams shown in Fig. 28 are the
encoding information tables generated at step #100 in Fig.

25 51 by the encoding system controller 200 for creating the



25 the | ast video encode data V ENDST, the audio encode start - 168
- PCT/ JP96/ 02806 time ASTTM the audi o encode end tine
AENDTM the audio encode bit rate ARATE, the audi o encode met hod AENCMD,
the audio start gap ASTGAP, 'the audi o end gap AENDGAP, the preceding VOB
nunber BVOBNO, and the follow ng VOB 5 nunber F VOB NO. The VOB nunber
VOBNO i s-a sequential nunber identifying the VOB and the position of the
VOB in the reproduction sequence of the title scenario. The video encode
start time VSTTMis the start 10 time of video material encoding. The

vi deo encode end tinme VENDTMis the end til6é-of video nmaterial RGT/IBPG(2806
The vi deo encode nobde V_ENCMD i s an encodi ng node for decl.ari ng whet her
reverse tel ecine conversion shall be 15 acconpl i shed during video
encoding to enable efficient coding when the video naterial is telecine
converted material. The video encode bit rate VRATE is the average bit rate
of video encoding. 20 The maxi mum vi deo encode bit rate
V_MRATE i s the npybmiankimeddhe stfredind®aseacosi the TserCdefimed tiiteld i Xi ng

flag GOP Fxflag specifies whether encoding is acconplished w thout changing
the GOP structureontenke niddle of the video encoding

The encoding unit is the video object VOB, and
the data generated to encode each video object VbB ié the

5 VOB data stréam. For example, a VOB set co&prising three
angle scenes combrises three video objects VOB. The data
structure shown in Fig. 28 shows the content of the data
. for encoding one VOB in the VOB data stream.

The VOB data structure contains thé video

10 material start time VOB_VST, the video material end time
VOB_VEND, the video signal type VOB_V_KIND, the video
encoding bit rate V_BR, the audio material start time
VOB_AST, the audio material end time VOB_AEND, the audio
coding methoa VOB_A KIND, énd the audio. encoding bit rate

15 A_BR.

The vided material start time VOB_VST is the
video encoding start time corresponding to the time of the
video signal.

The video material end time VOB_VEND is the video

20 encoding end time cbrresponding to the time of the video
signal.

The video material type VOB_V_KIND identifies

whether the encoded material is in the NTSC or PAL format,

for example, or is photographic material (a movie, for



-169 - PCT/ JP96/ 02806 process. This is a useful paraneter

for declaring whether seam ess switch is enabled in a nmulti-angle scene
period. The video encode GOP structure GOPST is the GOP structure data from
encodi ng. 5 _ The initial video encode data VINTST sets the
initial value of the VBV buffer (decoder buffer) at the start of video
encodi ng, and is referenced during video decoding to initialize the
decoding buffer. This is a useful paraneter for declaring seamn ess
reproduction with 10 t he precedi ng encoded video stream The |ast video
encode data VENDST sets the end val ue of tH67VBV buffer (decodePQiTPI/P2806
the end of video encoding, and is referenced during-video decoding to
initialize the decoding buffer. This is a useful paraneter 15 for

decl aring seamnl ess reproduction with the precedi ng encoded video stream

The audi o encode start time ASTTMis the start tinme of audio materi al
encodi ng. The audi o encode end tine AENDTMis the end tinme 20 of audio
mat eri al encodi ngexahplejdconvettdd Rid ar dled eARALon HrivAdchist Fartmatsed for

audi o encodi ng. The audi o encode nmet hod AENCMD i dentifies the audio

encodi ng net hod a§se€cadllkBEGeleciniencanvie@iiongr. 25 exanpl e.

The video encoding bit rate V_BR is the bit rate
at which the video signal is encoded. .

5 The audio material start time VOB;AST is the
audio encoding start time corresponding to the time of the
audio signal.

The audio material end time VOB_AEND is the audio
encoding end time corresponding to the time of the audio

10 .signal. _.

| The audio coding method VOB_A KIND identifies the

audio encoding metho@ as AC-3, MPEG, or linear PCM, for
example,
The audio encoding bit rate A_BR is the bit rate

\_ -15 at which the audio signal is encoded. i

The encoding parameters used by the video encoder
300, sub-picture encoder 500, and audio encoder 700, and
system encoder 900 for VOB encoding are shown in Fig. 29.
The encoding parameters include: the VOB number VOB_NO,

20 video encode start time V_STTM, video encode end time
V_ENDTM, the video encode mode V_ENCMD, the video encode
bit rate V_RATE, the maximum video encode bit rate V_MRATE,
the GOP structure fixing flag GOP_Fxflag, the video encode
GOP structure GOPST, the initial video encode data V_INTST,

25 the last video encode data V_ENDST, the audio encode start



-170 - PCT/ JP96/ 02806 The audi o start gap ASTGAP is the
time offset between the start of the audio and video presentation at the
begi nning of a VOB. This is a useful paranmeter for declaring seanl ess
reproduction with the precedi ng encoded 5 system stream The audi o end
gap AENDGAP is the tine offset between the end of the audio and video
presentation at the end of a VOB. This is a useful paraneter for declaring
seanl ess reproduction with the precedi ng encoded system 10 stream The
precedi ng VOB nunber B VOB NOis the VOB NO of the preceding VOB when there
is a seam essly connected preceding VOB. THé8fol | ow ng VOB nunmbSCFARINOR2Q6
the VOB _NO 15 of the follow ng VOB when there is-a seanl essly connected
foll owi ng VOB. The operation of a DVD encoder ECD according to the present
invention is described belowwith reference to the flow chart in Fig. 51.
Note that the steps shown with 20 a double line are subroutines. It
shoul d be obvious that while the operation described bel ow rel ates
specifically in thkimecas8TIM,t ktheDdidddoc etieodeCand ttime @ EOTM, rbhentawdio
t he operation described also applies to an authoring encoder EC.

encode bit rate A RATE, the audio encode method A_ENCMD,

the audio start gap A_STGAP, the audio end gap A_ENDGAP,

the preceding VOB number B _VOB_NO, and the following VOB
5 number F_VOB NO.

The VOB number VOB_NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The video encode start time V_STTM is the start

10 time of video material encoding.

The video encode end time V_ENDTM is the end time
of video material encoding.

The video encode mode V_ENCMD is an encoding mode
for declaring whether reverse telecine conversion shall be

15 accomplished during video encoding to enable efficient
coding when the video material is telecine converted
material.

The video encode bit rate V_RATE is the average
bit rate of video encoding.

20 The maximum video encode bit rate V_MRATE is the
maximum bit rate of video encoding.

The GOP structure fixing flag GOP_Fxflag
specifies whether encoding is accomplished without changing

\.
the GOP structure in the middle of the video encoding



-171 - PCT/ JP96/ 02806 At step #100, the user inputs the

edi ting commands according to the user-defined scenario while confirmng

the content of the nmultinedia source data streanms Stl1, St2, and St3. 5

At step #200, the scenario editor 100 generates the scenario data St7

contai ning the above edit command informati on according to the user's

editing instructions. Wien generating the scenario data St7 in step #200,

the user editing conmands related to nulti-angle and 10 parental | ock

mul ti-scene periods in which interleaving is presumed nust be input to

satisfy the followi ng conditions. First, 16 VOB maxi mum bit raPETARIC/OB06

set to assure sufficient image quality, and the track buffer capacity, junp
performance, junp tinme, and junp distance of 15 t he DVD decoder DCD used
as the reproduction apparatus of the DVD encoded data nust be determ ned.

Based on these values, the reproduction tinme of the shortest interleaved

unit is obtained fromequations 3 and 4. Based on the reproduction tine of

each scene in thepputésssceMhipeisod, u8@fiul paramatert ffer Qecdetrdmy ndrther
whet her equations 5 and 6 are satisfied. If equations 5 and 6 are not
satisfied, the usseamliesschuifecht ie edabledminndsmudti-anglst seenes penicsi.
are satisfied by, for exanple, connecting part of the follow ng scene to
each scene in the multi -Sceﬁ'bepﬁﬁ.ﬂgg_ encode GOP structure GOPST is the GOP
structure data from encoding. '

5 The initial video encode data V_IﬁTST sets the
initial value of the VBV buffer (decoder buffer) at the
start of video encoding, and is referenced during video
decoding to initialize the decoding buffer. This is a
useful parameter for declaring seamless reproduction with

10 the preceding encoded video stream.

The last video encode data V_ENDST sets the end
value of the VBV buffer (decoder buffer) at the end of
video encoding, and is referenced during video decoding to
initialize the decoding buffer. This is a useful parameter

\ 15 for declaring seamless reprodudtion with the preceding

encoded video strean. |

The audio encode start time A _STTM is the start
time of audio material encoding.

The audio encode end time A_ENDTM is the end time

20 of audio material encoding.

' The audio encode bit rate A _RATE is the bit rate
used for audio encoding.

The audio encode method A _ENCMD identifies the

- audio encoding method as AC-3, MPEG, or linear PCM, for

25 example.



-172 - PCT/ JP96/ 02806 When nul ti-angle edit commands are
used, equation 7 nust be satisfied for seanml ess swtching, and edit

comands mat ching the audi o reproduction tine with the reproduction tinme of”
each scene in each angle nust be 5 entered. |f non-seanl ess sw tching
I's used, the user nust enter commands to satisfy equation 8 At step #300,
the encodi ng systemcontrol ler 200 first determ nes whether the target

scene is to be seanl essly connected to the precedi ng scene based on the 10
scenario data St7. Note that when the preceding scene period is _a

mul ti-scene period conprising plural scened”Buat the presently s 1 cEHRY6/02806
target scene is a conmon scene (not in a nulti-scenée period), a seanl ess

connection refers to 15 seanl essly connecting the target scene with any -
one of the scenes contained in the preceding nulti-scene period. \Wen the
target scene is a nulti-scene period, a seanl ess connection still refers to

seam essly connecting the target scene with any one of the scenes fromthe
same nulti-scene 20 per The apdisr gFarfogapeAuSTEATO1S the Gime offset

non-seanl ess connection is valid, the procedure noves to s;eg #400. At step

#400, the encodi n§eSYEEEM e SoMterR2bhrer adtio AN yidssi
282222; : 82 I)le? \%e;/%'és %e%?nning' rt‘)q.‘l %avor%g. \M}?{[igerist rz]s.erueselfsula psaeraanr?\éetsesr for
declaring seamless reproduction with the preceding éncoded
5 system stream. “
~ The audio end gap A ENDGAP is the time offset
between the end of the audio and video presentation at the
end of a VOB. This is a useful parameter for declaring
seamless reproduction with the preceding encoded system
10 strean.

The preceding VOB number B_VOB _NO is the VOB_NO
of the preceding VOB when there is a seamlessly connected
preceding VOB.

The foilowing VOB number F_VOB_NO is the VOB_NO

15 of the following VOB when there is a seamlessly connected
follbwing'VOB..

The operation of a DVD encoder ECD according to
the present invention is described below with reference to
the flow chart in Fig. 51. .Note that the steps shown with

20 a double line are subroutines. It should be obvious thaﬁ
while the oﬁeration described below relates specifically in
this case to the DVD encoder ECD of the.present invention,
the operation described also applies to an authoring -

encoder EC.



-173 - PCT/ JP96/ 02806 t he target and precedi ng scenes. The
procedure then noves to step #600. On the other hand, if step #300 returns
YES, i.e., there is a seanl ess connection to the preceding 5 scene, the
procedure noves to step #500. At step #500 the encoding systemcontroller
200 sets the preceding VOB seanl ess connection flag VOBFsb. The procedure
then noves to step #600. At step #600 the encodi ng systemcontroller 200 10
determ nes whether there is a seanl ess connection between the target and
foll owi ng scenes based on scenario data St7,_ If step #600 returns |

a non-seanl ess connection is valid, the préZ&dure noves to stepgﬁ$®%§9é«ﬁ306
step #700, the encoding systemcontroller 200 15 "resets the follow ng
VOB seanl ess connection flag VOBFsf indicating whether there is a seanl ess
connection with the follow ng scene. The procedure then noves to step #900.
However, if step #600 returns YES, i.e., there is a seanl ess connection to
the foll owi ng scene, the procedure 20 moves to step #800. At step #800
t he encodi ng system contr ol Pr step #309,t khef giseFniinpuies they adddsing

connection flag VOB Fsf. The progedure then noves tq step #900., At .step
4900 the encod ngCOJRRBARCBREPSALEE 50088 UserrdeiinetoEammBtia WHAS | s

more than connectaggfggk %5 the content of the multimedia source data

streams Stl1l, St2, and st3.
5 At step #200, the scenario editor 100 generates
N the scenario data St7 containing the above edit command
information according to the user’s editing instructions.
When generatihg thelscenario data St7 in step
#200, the user editing commands related to multi-angle and
10 parental lock multi-scene periods in which interleaving is
presumed must be input to satisfy the following conditions.
First, the VOB maximum bit rate must be set to
assure sufficient imége quality, and the track buffer
capacity, jump performance, jump time, and jump distance of
v 15 the DVD decoder.DCD'used as thg reproduction apparatus of
the DVD encoded data must be determined. Based on these
values, the reproduction time of the shortest interleaved
unit is obtained from equations 3 and 4. Based on the
reproduction time ofleach scene in the multi-scene period,
20 it must then be determined whether equations 5 and 6 are
satisfied. If equations 5 and 6 are not satisfied, the
user must change the edit commands until equations 5 and 6
are satisfied by, for example, connecting part of the

following scene to each scene in the multi-scene period.



-174 - PCT/ JP96/ 02806 scene, i.e., whether a nmulti-scene
period is selected, based on the scenario data St7. As previously
described, there are two possible control methods in nmulti-scene periods:
parental |ock control whereby only one of plural 5 possi bl e reproduction
pat hs that can be constructed fromthe scenes in the nulti-scene period is
reproduced, and nmulti-angle control whereby the reproduction path can be
switched within the multi-scene period to present different view ng angl es.

10 If step #900 returns NO, i g., there are not |

scenes, the procedure noves to step #1000." Wﬁ'step #1000 t he w"}%ﬁ@l%ﬁﬁ/m%%
flag VOB Fp identifying whether the VOB set conprises plural video objects
VOB (a multi-scene period is selected) is reset, 15 and the procedure
noves to step #1800 for encode paraneter production. This encode paraneter
production subroutine is described bel ow However, if step #900 returns

YES, there is a multi-scene connection, the procedure noves to step #1100,

20 At step #170en mHElinangle it egpnamieAYe Ysed, saguatkiéon
procedur s 1Ves {9, Shidk HEAISIEY Jbn SohdHASS MELST.2 ML 301 ¢
change 25 Is MG RAdEHh Rl AFEERald LOS SMEL IS LEENALS the
reproduction time of each scene in each angle must be
5 entered. If non-seamless switching is used; the user must -
N enter commands to satisfy equation 8.
| At step #300, the encoding system controller 200
first determines whether the target scehe is to be
seamlessly connected to the preceding scene based on the
10 scenario data St7. |
Note that when the preceding scene périod is a
multi-scene period comprising plural scenes but the
presently selected target scene is a common'sceﬁe (not in a
multi-scene period), a seamless connection refers to
15 séamlessly connecting the target scene with any one of the
scenes contained in the preceding multi-scene period. Wwhen
the target_scene.is a multi-scene period, a seamless
connection still refers to seamlessly connecting the target
scene with any one of the scenes from the séme multi-scene
20 period.
If step #300 returns NO, i.e., a non-seamless
connection is valid, the procedure moves to step #400.
At step #400, the encoding systenm confroller 200
resets the preceding VOB seamless connection flag VOB_Fsb

25 indicating whether there is a seamless connection between
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period is selected. If step #1200 returns NO i.e., no scene change is
allowed in the nmulti-scene period as parental |ock control reproducing only
one reproduction path has been sel ected, the procedure 5 noves to step

#1300. At step #1300 the nulti-angle flag VOBFmidentifyi ng whether the
target connection scene is a nulti-angle scene is reset, and the procedure
noves to step #1302. 10 At step #1302 it is determ ned

whet her either the preceding VOB seanl ess gq?ggction fl ag VOBFsb pfT/1P96/02806

foll ow ng VOB seanl ess connection flag VOBFsSf is set. If step #1302 returns

YES, i.e., the target connection scene seanl essly connects to the
precedi ng, the following, or both the 15 precedi ng and fol |l owi ng scenes,
the procedure noves to step #1304. At step #1304 the interleave flag VOBF

I denti fyi ng whether the VOB, the encoded data of the target scene, is

i I d i 41N d h 20
|1 Step #1302 ot uthE NSt A RrSERATRS SETISR o, BRO R, T Wves

seani essly connect ,to éﬁﬁding or follow ng scene, the procedure noves
to step #1306. th §Q¥§F¥ ’

On the othef hand, if step #300 returns YES,
i.é., there is a seamless connection to the preceding
5 scene, the procedure moves to step #500. "
At step #500 the encoding system controller 200
sets the preceding VOB seamless connection flag VOB_Fsb.
The procedure then moves to step #600.
At step #600 the encoding system controller 200
10 determines whether there is a seamless connection between
the target and following scenes based on scenario data st7.
If step #600 returns NO, i.e., a non-seamless connection is
valid, the procedure moves to step #700. |
At step #700, the encoding systemicontroller 200
o, 15 resets the following VOB seamless connection flag VOB_Fsf
indicating whether there is a seémless connection with the
following scene. The procedure then moves to step #900.
However, if step #600 returns YES, i.e., there is
a seamless connection to the following scene, the procedure
20 moves to step #800.
At step #800 the encoding system contioller 200
sets the following VOB seamless connection flag VOB_Fsf. |
The procedure then moves to step #900.
| At step #900 the encoding system controller 200

25 determines whether there is more than connection target



-176 - | PCT/ JP96/ 02806 At step #1306 the interleave flag
VOBFi is reset, and the procedure noves to step #1800. If step #1200
returns YES, however, i. e., there is a nulti-angle connection, the
procedure noves to step 5 #1400. At step #1400, the nulti-angle flag
VOB Fmand interleave flag VOBFi are set, and the procedure noves to step
#1500. At step #1500 the encodi ng systemcontroller 200 10 det er m nes
whet her the audi o and video can be seam essly switched in a nmulti-angle
scene period, i.e., at a reproduction unit smaller than the VOB, based on
the scenario data St7. |f step #1500 returdd4NO i.e., non- seaniB&SEIP96/02806
swi tching occurs, the procedure noves to step 15 "#1600. At step #1600
the nmulti-angle seanless switching flag VOB FsV indicating whether angle
changes within the nmulti-angle scene period are seanl ess or not is reset,
and the procedure noves to step #1800. 20 However, if step
#1500 returns YES, i.e., seam ess switching occurs, the procedure noves to
step #1700. At st epenez0d .ehe mhiatheanm@ enudddmiscenes perdlvdhd o |sejlededsV
is set, and the procedure noves to step #1800. -177 -, .

PCT/ JP96/ 02806 based on the scenario data St7. As previously described,
there are two possible control methods in multi-scene
periodé: parental lock control whereby only one of plural

5 possible reproduction paths that can be constructed from
the scenes in the nmulti-scene period is reproduced, and
rulti~angle control whereby the reproduction path can be
switched within the multi~scene period to present different
viewing angles.

10 If step #900 returns NO, i.e., there are not
multiple scenes, the procedure moves to step #1000.

At step #1000 the multi-scene flag VOB_Fp
identifying whether the VOB set comprises plural video
objects VOB (a multi-scene period is selected) is reset,

v 15 and the procedure moves to step #1800 for encode parameter
production.. This encode parameter production subroutine is
described below.

However, if step #900 returns YES, there is a
multi-scene connection, the procedure moves to'step #1100,
_20 At step #1100, the multi-scene flag VOB Fp is
set, and the'procedure moves to step #1200 whereat it is
judged whether a multi-angle connection is selected, or
not.
At step #1200 it is determined whether a change

25 is made between plural scenes in the multi-scene period,



Therefore, as shown by the flow chart in Fig. 51, encode paraneter
production (step #1800) is only begun after the editing information is
detected fromthe above flag settings in the scenario data St7 reflecting
the 5 user-defined editing instructions. Based on the user-defined
editing instructions detected fromthe above flag settings in the scenario
data St7, information is added to the encoding information tables for the
VOB Set units and VOB units as shown in 10 Figs. 27 .and 28 to encode the
source streans, and the encoding paraneters of the VOB data units shown in
Fig. 29 are produced, in step #1800. Thel@focedure then noves REI/EP¥I0280600
for audi o and video encodi ng. The encode paraneter production steps (step
15 #1800) are described in greater detail belowreferring to Figs. 52,
53, 54, and 55. Based on the encode paraneters produced in step #1800, the
video data and audi o data are encoded in step #1900, and the procedure
noves to step #2000. 20 Note that the sub-picture data is
normal |y insert dédedyr whgthetea majtddanglen soenan pes-ivdedsd sedsiakednd If
contiguity with the preceding and foll owi ng scenes is therefore not usually
necessary. Morestep, #LR80suBtprosuNe,dat-#£-irs NPOSAENS chials® i1F Fhkavesh Inr

one frame, and 25 unLike audi o .and vi deo data havin%:an ext ended .
ti me- base, -thg multi-scene periodpas paggrtsdpdock tontrol reproducing
only one reproduction path has been selected, the pfocedure
5 moves to step #1300. “
g/J/ At step #1300 the multi-angle flag VOB_Fm

identifying whether the target connection scene is a
multi-angle scene is reset, and the procedure moves to step
#1302.

10 At step #1302 it is determined whether either the
preceding VOB seamless connection flag VOB_Fsb or following
VOB seamless connection flag VOB_Fsf is set. If step #1302
returné_YES, i.e., the target connection scene seamlesély
connects to the preceding, the following, or béth the

15 preceding and following scenes, the procedure moves to step
#1304. ' *

At step #1304 the interleave flag VOB_Fi
identifying whether the VOB, the encoded data of the target
scene, is interleaved is set. The procedure then moves to

20 step #1800. |
| ' However, if step #1302 returns NO, i.e., the

target connection scene does not seamlessly connect to the
pfeceding or following scene, the procedure moves to step

#1306.



sub-picture data is usually static, and is not normally presented

conti nuously. Because the present invention relates specifically to

seanl ess and non-seanl ess conti guous reproduction as described above,
description of 5 sub-picture data encoding is omtted herein for
sinplicity. Step #2000 is the last step in a | oop conprising steps #300 to
step #2000, and causes this |oop to be repeated as many tines as there are
VOB Sets. This loop formats the program chain VISPGC#I to contain the 10
reproducti on sequence and ot her reproduction information for each VOB in
the title (Fig. 16) in the programchain-d#a structure, inter RENEROG/G2806
VOB in the nulti-scene periods, and conpletes the VOB Set data stream and
VOB data stream needed for system stream encodi ng. The procedure 15 t hen
nmoves to step #2100. At step #2100 the VOB Set data streamis conpleted as
the encoding information table by adding the total nunber of VOB Sets

VOBS NUM obtained as a result of the | oop through step #2000 to the VOB Set

data stream and 20 . sehti Bgephg1806beheofintierleavel F1RNOVDE iFii nigs t he
nunber of scenario reproductlon paths in the scenario data St7. The -
procedure then nnesetnoandeph#ZﬁeeceSyrEemnyese£m|sﬁewd#@ﬁQﬂ{mhmlng t he-
VOB (VOB#i) data in the VIS title VOBS (VISTTVOBS) (Fig. 16) is 25
acconpl i shed in step #220016asterofl2Re sesuzns ﬁ&eoh°weﬂ?$9-l- e., there

PCT/ JP96/ 02806 . )
is a multi-angle connection, the procedure moves to step

5 #1400.
| At step #1400, the ﬁulti-angle flag VOB_Fm and
interleave flag VOB_Fi are set, and the procedure moves to
step #1500.
At step #1500 the encoding system controller 200
10 determines whether the audio and video can be seamlessly
switched in a multi-angle scene period, i.e., at a
reproduction unit smaller than the VOB, based on the
scenario data St7. If step #1500 returns NO, ife.,
non-seamless sWitching occurs, the procedure moves to step
15 #1600,

At step #1600 the multi-angle seamless switching
flag VOB_FsV-indicating whether angle changes within the
mulfi-angle'scene period are seamless or not is reset, and
the procedure moves to step #1800.

20 However, if step #1500 returns YES, i.e.,
seamless switching occurs, the procedure moves to step
#1700.
At step #1700 the ﬁulti-angle seamless switching

flag VOB_FsV is set, and the procedure moves to step #1800.



stream and encoded audi o stream out put from step #1900, and the encode
paraneters in Fig. 29. The procedure then noves to step #2300. At step
#2300 the VIS information VTSI, VTSI 5 managenent table VTSI MAT, VTSPGC
i nformation table VISPGCI T, and the program chain information VISPGCI #i
controlling the VOB data reproducti on sequence shown in Fig. 16 are
produced, and formatting to, for exanple, interl'eave the VOB contained in
the nulti-scene periods, is 10 acconpl i shed. The specific steps
executed in this formatting operation are described below with reference to
Figs. 56, 57, 58, 59, and 60. The encode l@aranet er producti on REHIBA/0AR06
shown as step #1800 in Fig. 51B is described next-using Figs. 52, 15 53,
and 54 using by way of exanple the operation generating the encode
parameters for multi-angle control. Starting fromFig. 52, the process for
generating the encode paraneters of a non-seam ess switching streamw th
multi-angle control is described first. This stream 20 I S generated
when step #1500 in Fi g.. 5Thetefore, Nasastowne Hyo thenifilgpw Ichgrtarin sBigassl,
shown: VOBFsb = 1 or VOB Fsf =1, VOB Fp = 1, VOB Fi =1, VOB Fm= 1, and
VOB _FsV = 0. Thentoleopargneteraprodustdone dstere #48QDi fif i1k ReIon

tables shown in Fig. 27 and Fig. 28, and the encode 25 araneters shown
in Fig. 29. afger. the editing informatipmdpsstected from the above
flag settings in the scenario data St7 reflecting the
5 user-defined editing instructions. .
N - Based on the user-defined editing instructions

detected from the above flag settings in the scenario data
St7, information is added to the encoding information
tables for the VOB Set units and VOB units as shown in

10 Figs. 27 and 28 to encode the source streams, and the
encoding parameters of the VOB data units shown in Fig. 29
are produced, in step #1800. The procedure then moves to
step #1900 for audio and video encoding. '

The encode parameter production steps (step
15 #1800) are described in greater detail below referring to
| Figs. 52, 53, 54, and 55.
Based on the encode parameters produced in step
#1800, the video data and audio data are encoded in step
#1900, and the procedure moves to step #2000.

20 Note that the sub-picture data is normally
inserted'during video reproduction on an as-needed basis,
and contiguity with the preceding and following scenes is
therefore not usually necessary. Moreover, the sub-picture
data is normally video information for one frame, and

25 unlike audio and video data having an extended time-base,



At step #1812, the scenario reproduction sequence (path) contained in the
scenario data St7 is extracted, the VOB Set nunber VOBSNO is set, and the
VOB nunber VOBNO is set for one or nore VOB in the VOB Set. 5

At step #1814 the maxinumbit rate ILVBR of the interleaved VOB is
extracted fromthe scenario data St7, and the maxi num vi deo encode bit rate
VMRATE from the encode paraneters is set based on the interleave flag VOBFi
setting (= 1). 10 At step #1816, the mininmuminterl eaved unit
presentation time ILVU MI is extracted fromthe scenario data St7. At step
#1818, the video encode GOP structure GOP®r-val ues N = 15 andPRTAP964)2806
set, and the GOP 15 structure fixing flag GOPFxflag is set (= 1), based
on the multi-scene flag VOBFp setting (= 1). Step #1820 is the common VOB
data setting routine, which is described belowreferring to the flow chart
in Fig. 53. This common VOB data setting routine 20 produces the
encodi ng information tables shown in Figs. 27 and 28, and the encode

par anet ers shovsubrpictur@odatae $scpsudBRp shaticdeandniernat soamalidyne
VOBVST and video material end tinme VOBVEND are extracted for each VOB, and
the vi deo encodresented gentinygnsdyid Becagge.the present invention

PCT/ JP96/ 02806 vi deo encode,end tinme V ENDTM are used as vi deo encodi ng
relates specifically to seamless and non-seamless

contiguous reproduction as described above, descripﬁion of

5 sub;picture data encoding is omitted'herein“for simplicity.

(g Step #2000 is the last step in a loop comprising
steps #300 to step #2000, and causes this loop to be -
' repeated as many times as there are VOB Sets. This loop

formats the program chain VTS_PGC#i to contain the

10 reproduction sequence and other reproduction information
for each VOB in the title (Fig. 16) in the program chain
data structure, interleaves the VOB in the multi-scene
periods, and completés the VOB Set data stream and VOB data
stream needed for system stream encoding. The procedure

15 then moves to step #2100.

At step #2100 the VOB Set data stream is
completed as the encoding information table by adding the
total number of VOB Sets VOBS_NUM obtained as a result of
the loop through step #2000 to the VOB Set data stream, and

20 setting the number of titles TITLE_NO definihg the number
of scenario reproduction paths in the scenario data St7.
The procedure then moves to step #2200.

System stream encoding producing the VOB (VOB#i)

data in the VIS title VOBS (VTSTT_VOBS) (Fig. 16) is

25 accomplished in step #2200 based on the encoded video



paranmeters. At step #1824 the audio material start tinme VOBAST of each VOB
Is extracted fromthe scenario data 5 St7, and the audi o encode start
time A STTMis set as an audi o encodi ng paranmeter. At step #1826 the audio
material end tinme VOBAEND is extracted for each VOB fromthe scenario data
St7, and at a tine not exceeding the VOBAEND tine. This 10 tinme
extracted at an audi o access unit (AAU) is set as the audio encode end tine
AENDTM whi ch is an audi o encodi ng paranmeter. Note that the audi o access

unit AAU is determ ned by the audi o encodi ng nethod. At step #1828 the
audio start gap A STGAP 15 obt ai ned frld+the difference betREEAPPHE2806
vi deo encode start tinme VSTTM and the audi o encode start tine ASTTMis
defined as a system encode paraneter. At step #1830 the audio end gap

A ENDGAP obtained fromthe difference between the video encode end tinme 20 .
VENDTM and t he audi o encode end tine A ENDTMis defined as a system encode
paraneter. At step #1832 the video encoding bit rate VBRis extracted from
t he scenari o datstretal sl ernfooded] emdiine crlerdsn outtput/R N sther #1300 heand
average bit rate of video 25 encoding, is set as a video encodi ng
par anet er . - He encode parameters RQV/ENRDG/3P806The pregedunsthen moves

encoding bit rate ABR IS
to step #2300.

At step #2300 the VTS information VTSI, VST
5 management table VISI_MAT, VTSPGC informatién table
A VTS_PGCIT, and the program chain information VTS_PGCI#i
controlling the VOB data reproduction sequence shown in
Fig. 16 are produced, and formatting to, for example,
interleave the VOB contained in the multi-scene periods, is
10 accomplished. The specific steps executed in this
fofmatting operation are described below with reference to
Figs..ss, 57, 58, 59, and 60. |
The encode parameter production subroutine shown
as step #1800 in Fig. 51B is described next using Figs. 52,
15 53, and 54 using by way of ekample the operation generating
the encode parametérs for multi—-angle control.

. Starting from Fig. 52, the process for generating
the encode parameters of a non-seamless switching stream
with multi-angle control is described first. This stream

20 is generated when step #1500 in Fig. 51 returns NO and the
following flags are set as shown: VOB_Féb = 1 or VOB_Fsf =
1, VOB_Fp = 1, VOB_Fi = 1, VOB_Fm = 1, and VOB_FsV = 0.
The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode

25 parameters shown in Fig. 29.



extracted fromthe scenario data St7, and the audi o encode bit rate ARATE
Is set as an audi o encodi ng paranmeter. At step #1836 the video nateri al
type VOB V_KIND 5 is extracted from'the scenario data St7. |If the
material is a filmtype, i.e., a novie converted to television broadcast
format (so-called telecine conversion), reverse tel ecine conversion is set
for the video encode node V_ENCMD, and defined as a video encoding
parameter. 10 At step #1838 the audi o codi ng net hod

VOB A KIND is extracted fromthe scenario data St7, and the ep | od
is set as the audio encode nethod AENCMDI&hd set as an audio Bﬁﬁ%ﬁ%ﬁgﬁ%bg '

paraneter. At step #1840 the initial video encode data 15 V_I NTST sets
the initial value of the VBV buffer-to a value less than the VBV buffer end
val ue set by the |last video encode data V_ENDST, and defined as a video
encodi ng paraneter. At step #1842 the VOB nunmber VOBNO of the 20

precedi ng connection is set to the precedi ng VOB. nunber BVOBNO based on the
setting (= 1) of the prechktisgelGBl8tan the 6ANALLPOoKSPraguetRPa)y SeANGNSS
as a system encode paraneter. At step #1844 the VOB nunber, VOBNO of the %F
fol | owi ng connetPadh) i gontaiped; e toe| sGPRArveRdAkALSF’ is. gfracted, the

PCT 3PS/ 02805 £ VCBND bazed, o L1 5eLL 0 bk het 65 kBt bokFio e

set for one or more VOB in the VOB Set.
5 At step #1814 the maximum bit raté ILV_BR of the
\ad interleaved VOB is extracted from the scenario data St7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).

10 At step #1816, the minimum interleaved unit
presentation time ILVU_MT is extracted from the scenario.
data Sst7.

At step #1518, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP

" 15 étructure fixing flag GOP_Fxflag is set (= 1), based on the
multi-scene flag VOB_Fp setting (= 1).

Step #1820 is the common VOB data setting
routine, which is described below referring to the flow
chart in Fig. 53. This common VOB data setting routine

20 produces the encoding information tables shown in figs. 27
and 28, and the encode parameters shown in Fig. 29.

At step #1822 the video material start time
VOB VST and video material end time VOB_VEND are extracted

for each VOB, and the video encode start time V_STTM and



seanl ess connection flag VOBFsf, and set as a system encode paraneter. The
encodi ng information table and encode 5 paraneters are thus generated
for a nulti-angle VOB Set with non-seam ess multi-angle switching control
enabl ed. The process for generating the encode paraneters of a seanl ess
switching streamwith nulti-angle control is described below wth reference
to Fig. 54. This streamis 10 gener ated when step #1500 in Fig. 51
returns YES and the following flags are set as shown: VOBFsb = 1 or VOBFsf
=1, VOB Fp =1, VOBFi =1, VOB Fm= 1, and VOBFsV = 1. The follow n
operation produces the encodi ng i nfornatil8h-t abl es shown i n FiRCTAPI&HE806
Fig. 28, and the encode 15 paraneters shown in-Fig. 29. The foll ow ng
operation produces the encoding information tables shown in Fig. 27 and
Fig. 28, and the encode paraneters.shown in Fig. 29. At step #1850, the
scenari o reproduction sequence 20 (path) contained in the scenario data
St7 is extracted, the VOB Set nunber VOBSNO is set, and the VOB nunber
VOBNO i s set fowide® @nhcodee evidB time e FUDRMSe@ire Atsest ggs #ABHS0 t émcodingum
bit rate ILVBR of the interleaved VOB is extracted fromthe scenario data
St7, 25 and pagrametienswy vi deo encode bit rate VMRATE fromthe -184 -

PCT/ JP96/ 02806 encode paraneters is set based on the inferleave flgg
At step #1824 the audio material start time

VOB_AST of each VOB is extracted from the scenario data

5 st7, and the audio encode start time A_STTM“is set as an
\/// audio encoding parameter.
At step #1826 the audio material end time
VOB_AEND is extracted for each VOB from the scenario data
St7, and at a time not exceeding the VOB_AEND time. ?his
10 time extracted at an audio access unit (AAU) is set as the
audio encode end time A_ENDTM which is an audio encoding
parameter. Note that the audio access unit AAU is
determined by the aﬁdio encoding method.
At step #1828 the audio start gap A_STGAP
, 15 obtained from the.difference between the video encode start
=

time V_STTM and the audio encode start time A_STTM is
defined as a system encode parameter.

At step #1830 the audio end gap A_ENDGAP. obtained
from the difference between tﬁe video encode end time

20 V_ENDTM and the audio encode end time A _ENDTM is defined as

a system encode parameter.

At step #1832 the video encoding bit rate V_BR is
extracted from the scenario.data st7, and the video encode
bit rate V_RATE, which is the average bit rate of video

25 encoding, is set as a video encoding parameter.



VOBFi setting (= 1). At step #1854, the minimuminterleaved unit
presentation tinme ILVU Ml is extracted fromthe scenario 5 data St7. At
step #1856, the video encode GOP structure GOPST values N = 15 and M= 3
are set, and the GOP structure fixing flag GOPFxflag is set (= 1), based on
the nulti-scene flag VOBFp setting (= 1). 10 At step #1858,
the video encode GOP GOPST is set to "closed GOP" based on the multi-angle
seanl ess switching flag VOB_FsV setting (= 1), and the video encoding
paranmeters are thus defined. Step #1860 is the common VOB data setti

routine, which is as.described referring-tl82t-he fl ow chart in IEQj[‘/JB%(/OZS%

Further description thereof is thus omtted here. The encode paraneters of

a seanl ess switching streamwith multi-angle control are thus defined for a

VOB 20 Set with nulti-angle control as descri bed above. The process for

generating the encode paraneters for a systemstreamin which parental |ock

control. is inplemented is described belowwth reference to Fig. 55. This
streamis generated when siaeps#epO@iisndFithe alhidiet eneoding bitN@aetl ZBiBD is

#1304 returns YES, i.e., the follow ng flags - 185-

PCT/ JP96/ 02806 aewtratted S£irowntheOBcesiariol datav@Rrsf andl theOpudic- emcode
bit rate A RATE is set as an audio encoding parameter.

At step #1836 the video material type VOB_V_KIND

S is extracted from the scenario data 8t7. If the material
is a film type, i.e., a movie converted to television
broadcast format (so-~called telecine conversion), reverse
telecine conversion is set for the video encode mode
V_ENCMD, and defined as a video encoding parameter.

10 : At step #1838 the audio coding method VOB_A KIND
is extracted from the scenario data St7, and the encoding
method is set as the audio encode method A_ENCMD and set as
an audio encoding parameter.

At step #1840 the initial video encode data

15 V_INTST sets the initial value of the VBV buffer to a value
less than the VBV buffer end value set by the last video
encode data V_ENDST, and defined as a video encoding
parameter.

At step #1842 the VOB number VOB_NO of the

20 preceding connection is set to the preceding VOB number
B_VOB_NO based on the setting (= 1) of the preceding VOB
seamless connection flag VOB_Fsb, and set as a system
encode parameter.

At step #1844 the VOB number VOB _NO of the

25 following connection is set to the following VOB number



VOBFi = 1, VOBFm = 0. The foll ow ng operation produces the encodi ng

I nformation tables shown in Fig. 27 and Fig. 28, and the encode paraneters
shown in Fig. 29. 5 At step #1870, the scenari o reproduction
sequence (path) contained in the scenario data St7 is extracted, the VOB
Set nunber VOBSNO i s set, and the VOB nunber VOBNO is set for one or nore
VOB in the VOB Set. At step #1872 the maximumbit rate ILVBR of the 10
interl eaved VOB is extracted fromthe scenario data St7, and the maxi mum
vi deo encode bit rate VMRATE fromthe encode paraneters is set based on the
interl eave flag VOBFi setting (= 1). At -sii88p #1872 the nunber RET/JP96/02806
I nterl eaved VOB 15 divisions ILVDIV is extracted fromthe scenario data
St7. Step #1876 is the common VOB data setting routine, which is as
described referring to the flow chart in Fig. 52. Further description
thereof is thus omtted here. 20 _ The encode paraneters of a
system streamin which parental |lock control is inplenented are thus
defined for a VEBvEE NO Hassd ion snasadiian | G romf dthenixbl kolviisg VOB

descri bed above. "The process for generating the encode paraneters 25
for a system st seamless sonneptd el Mjlag SO FSE, dvtrsefedas a -gpstem
PCT/ JP96/ 02806 bel ow with reference to Fig. 61. This streamis generated
encode parameter.
The encoding information table and ehcode.
5 parameters are thus generated for a multi-aﬁgle VOB Set
e _ with non-seamless multi-angle-SWitching control enabled.
The process for generating the encode.parameters
of a seamless switching stream with multi-angle control is
described below with reference to Fig. 54. This streanm is
10 generated when step #1500 in Fig. 51 returns YES and the
following flags are set as shown: VOB_Fsb = 1 or VOB_Fsf =
1, VOB Fp = 1, VOB Fi = 1, VOB_Fm = 1, and VOB_FsV = 1.
The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode
. 15 parameters shown in Fig. 29.

The following operation produces the encoding
information tables shown in Fig. 27 and Fig. 28, and the
encode parameters shown in Fig. 29.

At step #1850, the scenario reproduction'sequence

20 . (path) contained in the scehario data St7 is extractéd, the
VOB Set number VOBS NO is set, and the VOB number VOB_NO is
set for.one or more VOB in the VOB Set.

At step #1852 the maximum bit rate ILV_BR of the

interleaved VOB is extracted from the scenario data St7,

25 and the maximum video encode bit rate V_MRATE from the



when step #900 in Fig. 51 returns NO, i.e., when VOB Fp=0. The follow ng
operation produces the encoding information tables shown in Fig. 27 and
Fig. 28, and the encode 5 paranmeters shown in Fig. 29. At step #1880,
the scenario reproduction sequence (path) contained in the scenario data
St7 is extracted, the VOB Set nunber VOBS NO is set, and the VOB nunber
VOBNO is set for one or nore VOB in the VOB Set. 10 At step
#1882 the maxinum bit rate ILVBR of the interleaved VOB is extracted from
the scenario data St7, and the maxi mum vi deo encode bit rate VVMRATE from

t he encode par arreters is set based on thggianterleave flag VOBRCHEIEG/ORRUG-
1). 15 Step #1884 is the compn VOB data setting routine,
which is as described referring to the flow chart in Fig. 52. Further
description thereof is thus omtted here. These flow charts for defining

t he encodi ng 20 I nformati on table and encode paraneters thus generate
the paraneters for DVD video, audio, and system stream encodi ng by the DVD

formatter. Fornmahteef ha\e@m‘él&arep%amn pREeln®nS ¢heOYhitke- 1R Gy the
25 DVD formatter shown as step #2300 in Fig. 51B is described - 187

- . voBCFAIB8eLAAG0G=nayt with reference to Figs. 56, 57, 58,
59, and 60. This
At step #1854, the minimum interleaved unit
presentation time ILVU_MT is extracted from the scenario
5 data St7. H |
At step #1856, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP
structure fixing flag GOP_Fxflag is set (= 1), based on the
multi-scene flag VOB Fp setting (= 1).
10 ' At step #1858, the video encode GOP 'GOPST is set
.to "closed GOP" based on the multi-angle seamless switching
flag VOB_FsV setting.(= 1), and the video encoding
parameters are thus defined.
Step #1860 is the common VOB data setting
§J~/ 15 routine, which is as described referring to the flow chart
in Fig. 52. Fﬁrther description thereof is thus omitted
here.. |
The encode parameters of a seamless switchihg
stream with multi-angle control are thﬁs defined for a VOB
20 Set with multi-angle control as described above.
| | The process for generating the encode parameters
for a system stream in which parental lock control is
implemeﬁted is described below with reference to Fig. 55.
This stream is generated when step #1200 in Fig. 51 returns

25 NO and step #1304 returns YES, i.e., the following flags



formatter subroutine generates the DVD nmultinmedi a bitstream The operation
of the DvD encoder ECD 1100 5 ~according to the present invention is
described with reference to the flow chart in Fig. 56. Note that those
steps shown in Fig. 56 with a double line are subroutines. At step #2310
the program chain information VISPGCI is set to the VTSI managenent table
VTSI MAT for 10 the nunber of titles TITLE NUM based on the nunber of
titles TITLE NUMin the VOB Set data stream At step #2312 it is determ ned
whet her nulti-scene sel.ection control is enabled based on the nulti-scene
flag VOBFp in the VOB Set data stream Lfig35 step #2312 r RCT/ABIGIOLE06
i.e., multi-scene control is not enabled, the proecedure noves to step
#2114. At step #2314 the operation for coding a single scene (VOB) executed
by the formatter 1100 of the authoring encoder EC shown in Fig. 25 is
acconpl i shed. This routine 20 I's described later. If step #2312 returns
YES, i.e., nulti-scene control is enabled, the procedure noves to step

#2116. At step #z3lGelt! alsS shRA:MvoR peftethar drheop iRyt 10N veB tip be 1,
interl eaved or not based on the 25 ~ interleave flag VOB _Fi state in the

VOB Set data styvedNFi = -118%0B Fm = 0. The folRCWiHP@pEititidl mteaiued@816
returns NO i.e., the information is not to
the encoding information tables shown in Fig. 27 and Fig.
28, and the encode parameters shown in Fig. 29. '
. 5 At step #1870, the scenario reproéudtion sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.
At step #1872 the maximum bit rate ILV_BR of the
10 interleaved VOB is extracted from-the scenario data St7,
and the maximum video encode bit rate V_MRATE from the
encodelparameters is‘set based on the interleave flag
VOB_Fi setting (= 1).
: At step #1872 the number of interleaved VOB
15 divisions ILV_bIV is extracted from the scenario data St7.
Step #1876 is the common VOB data setting
routiné, which is as described referring to the flow chart
in Fig. 52. Further description thereof is thus omitted
here.
20 The encode parameters of a system stream in which
- parental lock control is implemented are thus -defined for a
VOB Set with multi-scene selection control enabled as
" described above. _
The proceés for generating the encode parametefs

25 for a system stream containing a single scene is described



be interleaved, the procedure noves to step #2314. If step #2316 returns
YES, i.e., the information is to be interleaved, the procedure noves to
step #2318. 5 At step #2318 it is determ ned whet her
multi-angle control is to be inplenmented based on the nulti-angle flag
VOB Fmin the VOB Set data stream |f step #2318 returns NO .the parental

| ock control routine in step #2320 is executed. If step #2318 returns YES,
the 10 procedure noves to step #2322. At step #2320 the operation for
formatting the VOB Set for parental |ock control is executed. This
subroutine is shown in Fig. 59 and descr.iigsd bel ow. At step #2BCP/1PO6I02806
det er m ned whet her_ 15 mul ti-angle seam ess swit.ching is required based
on the multi-angle seam ess switching flag VOB FsV. If multi-angle
switching is acconplished wi thout seam ess switching, i.e., with

non- seam ess switching and step #2322 returns NO, the procedure noves to
step #2326. 20 The multi-angl e non-seanl ess swi tching control

routine execut egeiidus WARH 3&Fertndd &ed Fig! tef. 1M Hfsth@amuid éﬂ&rat?gg

encoder ECin Fig. 25 is described later wth reference to Fig. 57.
- whighl /sHQH /#3206 A frigl (51 afghwrisViNE)ihge ] 5 WitennpdBshpdo.

with seaml ess switching control, i.e., step #2322 returns YES, the
procedur e noves The ficd o3yl operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode
5 parameters shown in Fig. 29. ”
o At step #1880, the scenario reproduction sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS_NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.
10 At step #1882 the maximum bit rate ILV_BR of the
interleavéd VOB is extracted from the scenario data St7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
- VOB_Fi setting (= 1).
, 15 Step #1884 is the common VOB data setting
routine; which is as described referring to the flow chart
in Fig. 52. Further description thereof is thus omitted
here.
These flow charts for defining the encoding
20 information table and encode parameters thus generate the
parameters for DVD video; audio, and system stream encoding
by the DVD formatter.
Formatter flows
The operation of the subroutine executed by the

25 DVD formatter shown as step #2300 in Fig. 51B is described



The nul ti-angl e seanl ess switching control 5 routi ne executed in step
#2324 by the formatter 1100 of the authoring encoder ECin Fig. 25 1is
described later with reference to Fig. 58. The cell playback information
(PCG information entries C PBI) of the VIS information VTSI set as 10
previ ously described is then recorded. At step #2330 it is determ ned
whet her all VOB Sets declared by the VOB Set nunber VOBS NUM have been
processed by the formatter. If NO control |oops back to step #2312, and
the process runs again. If YES, all sets 15 have been formatted, the
procedure terninates. Referring to Fig.-987-the multi-angle nBACHIR6/62806
switching control routine executed in step #2326 when step #2322, Fig. 56,
returns NO is described. This routine defines the interleaved arrangenent
of the 20 mul ti media bitstream MBS, the content of the cell playback
information (C_PBI#i) shown in Fig. 16, and the information stored to the
navi gation pack NV shown in Fig. 20, in the generated DVD nmul ti nedi a
bitstream VBS. Abxst efith23éfelrened @wo Figsnulsd, &gl &8, &P ,2and 60BFThis
setting (= 1) declaring whether nulti-angle control -190 -

PCT/ JP96/ 02806 Eermppterdsubroknsimel genspatespdheo® VD plddnediack node
CBM (Fig. 16) of the cell playback information blocks C PBI #i containing
t he VOB controIbFﬁF§Fﬁﬂﬂron for each scene is

The operation of the DVD encoder ECD 1100.
5 according to the present invention is described with
\;, referenqe to the flow chart in Fig. 56; Note that those
steps shown in Fig. 56 with a double line are subroutines.
At step #2310 the program chain information
VTS_PGCI is set to the VTSI management table VTSI_MAT for
10 thelnumber of titles TITLE_NUM based on the number of
titles TITLE NUM in the VOB Set data stream.

- At step #2312 it is determined whether
multi-scene selection control is enabled based on the
multi-scene flag VOB_Fp in the VOB Set data stream. If

. 15 step #2312 returns NO, i.e., multi-scene control is not
enabled, the procedure moves to step #2114.

At step #2314 the operation for coding a single
scene (VOB) executed by the formatter 1100 of the authoring
encoder EC shown in Fig. 25 is accomplished. This routine

20 is described later.
If step #2312 réturns YES, i.e., multi-scene
_control is enabled, the procedure moves to step #2116.

At sté§ #2316 it is determined whether the

information is to be interleaved or not based on the

25 interleave flag VOB_Fi state in the VOB Set data stream.



decl ared according to the position of the angle data. For 5 exanpl e,
the cell block node CBM of the MA1 cell (Fig. 23) is declared as 0lb to

i ndi cate the beginning of the cell block, the CBMof MA2 is declared as 10b
to indicate a cell between the first and last cells in the bl ock, and the
CBM of MA3 is declared as 11b to indicate the end of the cell 10 bl ock.
At step #2342 based on the multi-angle flag VOBFm setting (= 1) declaring
whet her multi-angle.control is applied in the nulti-scene period, the cel

bl ock type CBT (Fig. 16) of the cell playback information bl ocks CPBI 15

#i containing the VOB control informati onl8¥ each scene i s dePCAVERIGH2806b
to indicate an "angle." At step #2344 the seanl ess playback flag SPF (Fig.
16) is set to 1 in the cell playback information blocks C PBlI #i containing
the VOB control information for 20 each scene based on the preceding
VOB seanl ess connection flag VOBFsb state, which is set to 1 to indicate a
seanl ess connection. At step #2346 the STC resetting flag STCDF is set to 1 -
in the cell playbficktemf#2306i petinsksoC PBé. #i tRé infoematidoni g hbe ¥YoB
control information for each scene based -191 -

PCT/ JP96/ 02806 dvetinterleavedy NGB sractdsse cnoviest tonstepg#20B4Esh ISt attep
which is set to 1 to indicate a seanl ess connection. At step #2348 the

i nterl eaved al | dt331®rretugns AFES, i.e., the information is to be

interleaved, the procedure moves to step #2318.

i 5 At step #2318 it is determined whether
o~ multi-angle control is to be implémented based on the
multi-angle flag VOB_Fm in the VOB Set data stream. If
step #2318 returns NO, the parentai lock control routine in
step #2320 is executed. If step #2318 retufhs YES, the
10 procedure moves to step #2322.
At step #2320 the operation for formatting the
VOB Set for parental lock control is executed. This
subroutine is shown in Fig. 59 and described below.
At step #2322 it is determined whether
\/;j 15 multi-angle seamless switching is required based on the

multi-angle seamless switching flag VOB_FsV. If
multi-angle switching is accomplished without séamless
switching, i.e., with non-seamless switching and step #2322
returns NO, tﬁe procedure moves to step #2326.

20 The multi-angle non-seamless switchiﬁg control
routine executed in step #2326 by the formatter 1100 of the
authoring encoder EC in Fig. 25 is described later with

reference to Fig. 57.



(Fig. 16) is set to 1 in the cell playback information 5 bl ocks C_PBI

#1 containing the VOB control information for each scene based on the

mul ti-angl e seanm ess switching flag VOBFsV state, which is set to 1 to
indicate interleaving is required. At step #2350 the |ocation of the

navi gati on pack 10 NV (relative sector nunber fromthe VOB beginning) is
detected fromthe title editing unit (VOB bel ow) obtained fromthe system
encoder 900 in Fig. 25, the navigation pack NV is detected based on the

m nimuminterl eaved unit presentation tine |ILVU M information é@.fornatter
15 paraneter obtained in step #1816, FIf9 51), the |ocati on BETHRE6AN2B06
expressed as the nunber of sectors fromthe VOB begi nning, for exanple, is
thus obtained, and the title editing unit VOB is divided into interl eave
units using VOBU units. 20 For exanple, if in this exanple
the mninmuminterleaved unit presentation time ILVUM is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is divided into
interleave units of 4 VOBU Haamltbtangbatswitchitd csitacrompkishednwith
applied to the VOB 25 constituting each nmulti-scene data unit. -192
- seROU e FWRSIsing conroPl3sh. e he sterr#2322 xetuxnsgf YBEech
VOB obt ai ned from step #2350 are arranged in the cell block node CBM
sequence (cel | b3k BRAFSHITR MOVeR| &0 Shep ofrf24.

The multi-angle seamless switching controi
5 routine executed in step #2324 by the formatter 1100 of the
authoring encoder EC in Fig. 25 is described later with
reference to Fig. 58.
The cell playback iﬁformation (PCG information
entries C_PBI) of the VTS information VTSI set as
10 previously described is then recorded.
| At step #2330 it is determined whether all VOB
Sets declared by the VOB Set number VOBS NUM have been
processed-by the formatter. 1If NO, control loops back to
step #2312, and the process runs again. If YES, all sets
NP 15 have been formatted, the procedure terminates.
Referring to-Fig. 57, the multi-angle
non-seamless switching control routine executed in step
#2326 when step #2322, Fig. 56, returns NO is described.
This routine defines the interleaved arrangement of the
20 multimedia bitstream MBS, the content of the cell playback
information (C_PBI#i) shown in Fig. 16, and the information
stored to the navigation pack NV shown in Fig. 20, in the
generated DVD multimédia bitstream MBS.

At step #2340 based on the multi-angle flag

25 VOB_Fm setting (= 1) declaring whether multi-angle control



cells) witten as the VOB control information for each 5 scene in step
#2340 to formthe interl eaved bl ocks as shown in Fig. 37 or 38. The

i nterl eaved bl ocks are then added to the VIS title VOBS (VISTTVOBS). Using
the cell block node CBM decl arati ons above, for exanple, the angle data

MA1, MA2, and MA3 (Fig. 23) are arranged in that sequence. 10

At step #2354 the relative sector nunber fromthe VOBU start is witten to
the VOB end pack address VOBU EA (Fig. 20) in the navigation pack NV of

each VOBU based on the VOBU position infarmation obtained in step #2350. At
step #2356 the first cell VOBU start addred80%15 CFVOBUSA and RO ITP26/02806
cell VOBU start address CLVOBUSA expressed as the nunber of sectors from

t he beginning of the VIStitle VOBS (VISTTVOBS) are witten as the

addresses of the navigation packs NV of the first and | ast VOBU in each

cell based, on the VIS title VOBS (VISTTVOBS) 20 data obtained in step
#2352. The angle # VOBU start address NSM._AG._Cl1_DSTA - NSM._AG._C9_DSTA
of the non-seanl eis apgpidednfiar mhel muliiMstene (peirdod]0)chen deld nEMsatmade
pack NV of each VOBU is witten at step #2358. This address is expressed as

t he 25 rel ati ¢8BMsdfFtigr. Né)bef ithe deltheldyback imfeormatddrediatks C_PBI
-193 - . PCT/JP96/ 02806 bl ocks formed in step #2352, and .
decl ares the addr #3sconteimingofherV@B sontaol; Hafimamatddonfqra@agy scene is
contained in the VOBU of all angl.e scenes near the presentation start-

declared according to the position of the angle data. For
5 example, the cell block mode CBM of the MAlhcell (Fig. 23)
—~ is declared as 01b to indicate the béginning of the cell
block, the CBM of MA2 is declared as 10b to indicate a céll
between the first and last cells in the block, and the CBM
of MA3 is declared as 11b to indicate the end of fhe cell
10 block.
At step #2342 based on the multi-angle flag
VOB_lesetting-(= 1)'dec1aring whether multi-angle control
is applied in the multi-scene periocd, the cell block type
CBT (Fig. 16) of the cell playback information blocks C_PBI
§~fj, 15 #1 containing the VOB control information for each scene is
declared as 01b to indicate an "angle."”
At step_#2344 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
20 each scene based on the preceding VOB seamless connection
flag VOB_Fsb state, which is set to 1 to indicate a |
seamless connection.
At step #2346 the STC resetting flag STCDF is set
to 1 in the éelllplayback information blocks C_PBI #i

25 containing the VOB control information for each scene based



time of the VOBU being processed. 5 A step #2360 " 7FFFFFFFh"

Is witten to the angle # VOBU start address NSM._AGQ._Cl DSTA -

NSM._AG._C9_DSTA of the non-seanl ess angle informati on NSMLAGLI (Fig. 20)

in the navigation pack NV of each VOBU if the VOBU being processed is the

| ast VOBU of each scene in the nulti-scene 10 period. This routine thus

formats the interl eaved bl ocks for nulti-angle non-seam ess sw tching

control in the nmulti-scene period, and formats the cell control information

as the reproduction control information for 15 those nultiple scenﬁé.

Referring to Fig. 58, the multi-angle seam®s swit chi ng cont r ol PG HIPPH{82806

executed in step #2324 when step #2322, Fig. 56, returns YES is descri bed.

This routine defines the interleaved arrangenent of the nultinedia 20

bitstream MBS, the content of the cell playback information (C_PBlI#i) shown

in Fig. 16, and the information stored to the navigation pack NV shown in

Fig. 20, in the generated DVD nultinmedia bitstream MBS. At step #2370 based

on the nulti-angl e [the PFrecediorr Vo seanjqes Lon@a L am Mgt tWd_Fsb

mul ti-angle control . -194 - | PCT/ JP96/ 02806 is applied in,

the multi-scene p&tad®, vhdcdeds Hedckndddcamdimgale m)seamlers gmnection.

| ayback i nformation bl ocks Bl. #i contai.ning the VOB control i.nfor | 0

Poryeach scene is At step #2348 theginterleaveé)aflocat{onrggagr&AF
(Fig. 16) is set to 1 in the cell playback information

5 blocks C_PBI #i containing the VOB control information for
each scene based on the multi-angle seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.

At step #2350 the location of the navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 900 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved unit
presentation time ILVU _MT information (a formatter

15 parameter obtained in step #1816, Fig. 51), the location of
the VOBU expreSsed as the number of sectors from the VOB
beginning, for example, is thus obtained, and the title
editing unit VOB is divided into interleave units using
VOBU units.

20 ' For example, if in this example the minimum
interleaved unit presentation time ILVU_MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation operation is applied to the VOB

25 constituting each multi-scene data unit.

]



decl ared according to the position of the angle data. For 5 exanpl e,
the cell block node CBM of the MA1 cell (Fig. 23) is declared as 0lb to

i ndi cate the beginning of the cell block, the CBMof MA2 is declared as 10b
to indicate a cell between the first and last cells in the bl ock, and the
CBM of MA3 is declared as 11b to indicate the end of the cell 10 bl ock.
At step #2372 based on the nulti-angle flag VOBFm setting (= 1) declaring
whet her multi-angle control is applied in the nulti-scene period, the cel

bl ock type CBT (Fig. 16) of the cell playback information bl ocks CPBI 15

#i containing the VOB control informationlP3r each scene is de®@GFIRIG/02896)
to indicate an "angle." At step #2374 the seam ess: pl ayback flag SPF (Fig.
16) is set to 1 in the cell playback information blocks CPBI #i containing
the VOB control information for 20 each scene based on the preceding
VOB seanl ess connection flag VOBFsb state, which is set to 1 to indicate a
seamnl ess connection. At step #2376 the STC resetting flag STCDF is set to 1
in the cell playback infor 2t istrepbl#ecise €RBl ititexq eave corittsd mhgeddie WOB
control information for each scene based -195 -

PCT/ JP96/ 02806 ombitadnede Sxdim §LepB #2850 exe eomaagsdoni Ithe vk blecke,
which is set to 1 to indicate a seanl ess connection. At step #2378 the

i nterl eaved al | o890 FBM &§quence (cell block beginning, middle, and end

cells) written as the VOB control information for each
5 | scene in step #2340 to form the interleaved“blocks as shown
(ad in Fig. 37 or 38. The interleaved blocks are then added to
the VTS title VOBS (VTSTT VOBS). Using the cell block mode
CBM declarations above, for example, the angle data MA1l,
MA2, and MA3 (Fig. 23) are arranged in that sequence.
10 At step #2354 the relative sector number from fhe
VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtaingd in step #2350.
At step #2356 the first cell VOBU start address
15 C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expréssed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell based on the VTS title VOBS (VISTT_VOBS)
20 data obtained in step #2352.
The angle #i VOBU start address NSML AGL Cl DSTA
- NSML_AGL_C9_DSTA of the non-seamless angle information
NSML AGLI (Fig. 20) in the navigation pack NV of each VOBU
is written at step #2358. This address is expressed as the

25 relative sector number inside the data of the interleaved



(Fig. 16) is set to 1 in the cell playback information 5 bl ocks C_PBI

#1 containing the VOB control information for each scene based on-the

mul ti-angl e seanm ess switching flag VOBFsV state, which is set to 1 to
indicate interleaving is required. At step #2380 the |ocation of the

navi gati on pack 10 NV (relative sector nunber fromthe VOB beginning) is
detected fromthe title editing unit (VOB bel ow) obtained fromthe system
encoder 900 in Fig. 25, the navigation pack NV is detected based on the

m nimuminterl eaved unit presentation time |ILVUMI information (a formatter
15 parameter obtained in step #1854, F 193 53), the |ocati on BETYIRI6G2806
expressed as the nunber of sectors fromthe VOB begi nning, for exanple, is
thus obtained, and the title editing unit VOB is divided into interl eave
units using VOBU units. 20 For exanple, if in this exanple
the mninuminterleaved unit presentation time ILVUM is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is divided into

i nterl eave units yviocks/Gdimedhin Nstept #2352 hi andl dechares bher atidwesiss.
applied to the VOB 25 constituting each nmulti-scene data unit. - 196
- i e 2 6Py At 58) epf #2382navikgahien| pack NN conghinedh
VOB obtai ned from step #2380 are arranged in the cell block node CBM
sequence (cell bliseithRVYORV et alldeeglaengcengs near.the presentation start

time of the VOBU being processed.
5 At step #2360 "7FFFFFFFh" is writéen to the angle
i #i VOBU start address NSML_AGL_Cl_DSTA - NSML_AGL_C9_DSTA
of the non-seamless angle information NSML_AGLI (Fig. 20)
in the navigation pack NV of each VOBU if the VOBU being
processed is the last VOBU of each scene in the multi-scene
10  period.

This routine thus formats the interleaved blocks
for multi-angle non-seamless éwitching.control in the
multi-scene period, and formats the cell control
information as the reproduction control information for

15 those multiple scenes. |
| Referring to Fig. 58, the multi-angle seamless
switching control routine executed in sfep #2324 when step
#2322, Fig. 56, returns YES is described. This routine
defines the interleavéd arrangement of the multimedia
20 bitstream MBS, the content of the cell playback information
(C_PBI#i) shown in Fig. 16, and the information stored to
the navigation pack NV shown in Fig. 20, in the generated
DVD multimedia bitstream MBS.
At step #2370 based on the multi-angle flag

25 VOB_Fm setting (= 1) declaring whether multi-angle control



cells) witten as the VOB control information for each 5 scene in step
#2360 to formthe interl eaved bl ocks as shown in Fig. 37 or 38. The

interl eaved bl ocks are then added to the VIS title VOBS (VISTT VOBS). Using
the cell block node CBM decl arations above, for exanple, the angle data
MA1, MA2, and MA3 (Fig. 23) are arranged in that sequence. 10

At step #2384 the relative sector nunber fromthe VOBU start is witten to
the VOB end pack address VOBUEA (Fig. 20) in the navigation pack NV of each
VOBU based on the VOBU position information obtained i-n step #2360. At step
#2386 the first cell VOBU start address 1394 - CFVOBUSA and t he pPcagspas702806
VOBU start address C LVOBU SA expressed as the nunmber of sectors fromthe
begi nning of the VIS title VOBS (VISTTVOBS) are witten as the addresses of
t he navi gati on packs NV of the first and | ast VOBU in each cell based on
the VIS title VOBS (VISTT VOBS) 20 data obtained in step #2382. At step
#2388 the relative sector nunber fromthe VOBU start is witten to the VOB

end pack addressj CEbbE&eQFEQ-tﬂQ)mhﬁtﬁhgg%%Ei%@Eﬁ%gég$%% Nglgzg?aﬂk‘ﬂgaé

based on the interleave unit data obtained in Step

PCT/ JP96/ 02806 Themaqphg.#heYOBE thal teaddpaaybitk AGEcEhaRSbA H19MksAG KX
DSTA of the seam ess angle information SML AGI (Fig. 20) in the navigafTon

pack NV of each ¥©Btohtaimihgethat veBepohZIo0 ihifiormatdions ors eachr ezsark as
the relative declared according to the position of the angle data. For
- 5 examplé, the cell block mode CBM of the MAlhcell (Fig. 23)
is declared as 0l1b to indicate thé beginning of the cell
block, the CBM of MA2 is declared as 10b to indicate a cell
between the first and last cells in the block, and the CBM
of MA3 is declared as 11b to indicate the end of the cell
10 block.
At step #2372 based on the multi-angle flag
VOB_Fm setting (= 1) declaring whether multi-angle control
is applied in the multi-scene period, the cell block type
CBT (Fig. 16) of the cell playback information blocks C_PBI
s 15 #1 containing the VOB control information for each scene is
declared as 0l1b to indicate an "angle."
At step #2374 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playbaék information
blocks C_PBI #i containing the VOB control information for
20 each scene based on the preceding VOB seamless connection
flag VOB_Fsb state, wﬁich is set to 1 to indicate a
seamless connection. |
At step #2376 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i

25 containing the VOB control information for each scene based



5 sector nunber inside the data of the interleaved bl ocks fornmed in
step #2382, and declares the address information (Fig. 50) of the

navi gati on pack NV contained in the VOBU of all angle scenes with a start
time contiguous to the reproduction end tinme of the VOBU bei ng processed.
10 At step #2392 "7FFFFFFFh" is witten to the angle # VOBU
start address. SML_AG._Cl _DSTA - SMLAG C9 DSTA of the seamnl ess angle
information SM. AG.lI (Fig. 20) in the navigation pack NV of the VOBU
contained in the interleaved unit if the interleave unit arranged in step
#2382 is the 15 | ast interleave unit. gfs each scene in the pphyiPosARR06
period. This routine thus formats the interl eaved ‘bl ocks for nulti-angle
seanl ess switching control in the nulti-scene period, and formats the cel
control 20 i nformati on as the reproduction control information for
those nultiple scenes. The parental |ock subroutine (step #2320, Fig. 56)
executed when step #2318 in Fig. 56 returns NO, i.e., when it is determ ned

that parental |qgk {gigQlcd®ing vd¥Seanless connectionPETAdPY8R0$ER6
i mpl enent ed and not nulti-angl e contrcﬁ, I's described next with reference

to Fig. 59. The gxHtd} athidiki s ube©Utd NE €8 SLRADESSEh O¥euh1 688 EBRnection.

I nt-erl eave unit arrangenent of the nmultinedia 5 bitstream the content

of the PGC information entkt estép FB1378 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information

5 blocks C_PBI #i containing the VOB control information for

o \‘[

" each scene based on the multi—angie séamless switching flag
VOB_FsV state, which is set to 1 to ihdicate interleaving
is required.

At step #2380 the location of the navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 200 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved uniﬁ
.presentation time ILVU _MT information (a formatter

v . 15 parameter obtained in step #1854, Fig. 53), the location of
the VOBU expressed as ﬁhe number of sectors from the VOB
beginning, for example, is thus obtained, and the_title
editing unit VOB is divided into interleave units using
VOBU Linits.

20 For exémple, if in this éxample the minimum
interleaved unit éresentatibn time ILVU MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation_operafion is applied to the VOB

25 constituting each multi-scene data unit.



#i (cell playback information) shown in Fig. 16, and the navigation pack NV
i nformati on shown in Fig. 20, to the generated DVD nultinedia bitstream At
step #2402 a value "00b" is witten to the 10 cell block nmode CBM (Fig.
16) of the cell playback information blocks CPBI #i containing the VOB
control information for each scene based on the nulti-angle flag VOB Fm
state, which is set to O to indicate that nmulti-angle control is not
enabled in the nmulti-scene 15 period. At step #2404 the seanl ess

pl ayback flag SPF (Fig. 16) is set to 1 in the cell playback information

bl ocks C _PBI #i containing the VOB controhggoformation for eaclpcygsmss/ozs0sd
on the precedi ng VOB seanl ess connection 20 fl-ag VOBFsb state, which is
set to 1 to indicate a seam ess connection. At step #2406 the STC resetting
flag STCDF is set to 1 in the cell playback information blocks C PBI #i
containing the VOB control information for each scene based -199 -

PCT/ JP96/ 02806 on the preceding VOB seanl ess connection flag VOBFsb state,

uhi oh s set Lo 1 Lo | ndi cRkeggepeasans chananebi-aiayll uhieh &3 Qhd\5ion

interl eaved allocation flag | I's set in the cell playback
information 5  opbhoaka @EBh §teP0$b§BB' Aget BeriRBeaonh ehel MeanmHiig¥k f or

each scene based on the nmulti-angle seam ess switching fl ag
mode CBM sequence (cell block beginning, middle, and end
cells) written as the VOB control information for eéch
5 scene in step #2360 to form the interleaved-blocks as shown
in.Fig. 37 or 38. The interleavea blocks are then added to
the VTS title VOBS (VTSTT VOBS). Using the cell block mode
CBM declarafions above, for example, the angle data MA1l,
MA2, and MA3 (Figqg. 23) are arranged in that sequence.
10 ' At step #2384 the relative sector number from the
VOBU start is written to thé VdB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2360.
At step #2386 the first cell VOBU start address
- 15 C_FVOBU_SA and the last cell VOBU start address C_LVOBU SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)
20 data obtained in step #2382..
At step #2388 the_felative sector number from the
'VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on

the interleave unit data obtained in step #2370.



VOBFsV state, which is set to 1 to indicate interleaving is required. At
step #2410 the navigation pack NV position 10 i nformation (the relative
sector nunber fromthe VOB start) is detected fromthe title editing unit
(VOB) obtained fromthe system encoder 900 (Fig. 25). The navi gati oh pack
NV is then detected based on the nunber of interleaved VOB divisions

ILV._ DIV, a formatter paraneter obtained in step 15 #1874 in Fig. 55, to
obtain the VOBU position information (number of sectors fromthe VOB
start), and divide each VOB into the specified nunber of interleave units
in VOBU units. At step #2412 the interl eav@®yuni ts obtained in A8CT/IP96/02R06
#2410 are then interleaved. For exanple, the interleave units are arranged
i n ascendi ng VOB nunber sequence to create the interleaved bl ocks as shown
in Fig. 37 or 38, and the interleaved bl ocks are added to the VIS title

VOBS (VTISTT VOBS). -200 - PCT/ JP96/ 02806 At step #2414
the relative sector nunber fromthe VOBU start is witten to the VOB end
pack address VOBUEA (Fig. 3@ ighd fge#taw ﬂ@céadi%.@é %M@E@tb@é@ﬂ -

on the VOBU position infornation talne n step #2186.
step #2416 the figmyt aeal IchwAstﬁtttﬁch&méaa/@lﬁ% mamtf@ﬁ SIQUAGLI

VOBU start address CTLVOBUSA expressed as the nunber of sectors fromtheé
begi nni ng of (Fig. 20) in the navigation pack NV of each VOBU is written
at step #2390. This address is expressed as the feiative
S sector number inside the data of the interléaved blocks
7 formed in step #2382, and declareé the address information
(Fig. 50) of the navigation pack NV contained in the VOBU
of all angle scenes with a start time contigﬁous to the |
reproduction end time of the VOBU being processed.

10 At step #2392 "7FFFFFFFh" is written to the angle
#i YOBU start address SML_AGL_Cl_DSTA - SML_AGL__CS__DS_TA of
the seamléss angle information SML_AGLI (Fig. 20) in the
navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit arranged in step #2382 is the

15 last interleave unit of each scene in the multi-scene
period.

This routine thus formats the interleaved blocks
for multi-angle seamless switching control in the
nulti-scene period, and formats the cell control

20 information as the reproduction control information for
those mulﬁiple scenes.

The parental lock subroutine (step #2320, Fig.
56) executed when step #2318 in Fig. 56 returns NO, i.e.,

when it is determined that parental lock control is



the VIS title VOBS (VISTTVOBS) are witten as the addresses of the

navi gation packs NV of the first and |ast 10 VOBU i n each cell based on
the VIS title VOBS (VISTTVOBS) data obtained in step #2412. At step #2418
the relative sector nunber to the last interleave unit pack is witten to
the ILVU end pack address ILVU EA in the navigation pack NV of the VOBU 15
formng the interleaved units based on the interleaved unit data obtained
fromstep #2412. At step #2420, the relative sector nunber in the

i nterl eaved bl ock data fornmed in step #2412 is witten to the next-1LVU
start address NTILVUSA as the position 20198 - information of tpeTvpgs/02806
I n the navigation packs NV of the VOBU contained in the interleaved unit

| LVU. At step #2422 the interleaved unit flag ILVUflag is set to 1 in the
navi gati on packs NV of the VOBU contained in the interleaved unit |LVU
-201 - PCT/ JP96/ 02806 At step #2424, the Unit END fl ag of
the navigation pack NV in the last VOBU of the interleaved unit ILVU is set

to 1. At step #Zﬂzzﬁléﬁﬁgﬁfm_ﬁét%ﬁlij.fnaﬁ?léhéoﬁtrol,nsét abb¥bipkd hext
address NTI LVUSA of the navigation pack NV of the VOBU In the | ast

i nterl eaved uni twittof eeatde VES. FIde operati on described above thus
formats the

The parental lock subroutine described below
writes the interleave unit arrangement of the multiﬁedia
5 bitstream, the content of the PGC information entries C_PBI
g #i (cell playback information) shéwn in Fig. 16, and the
navigation pack NV information shown in Fig. 20, to the
generated DVD multimedia bitstream.
At step #2402 a value "00b" is written to the
10 cell block mode CBM (Fig. 16) of the cell playbadk
information blocks C_PBI #i containing the VOB control
information for each scene based on the multi-angle flag
VdB_Fm state, which is set to 0 to indicate that
multi-angle control is not enabled in the multi-scene
. 15 period.
At step #2404 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containingffhe VOB control information for
each scene based on the preceding VOB seamless connection
20 flag VOB_Fsb state, which is set to i to indicate a
seamless connection.
At step #2406.the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C PBI #i

containing the VOB control information for each scene based



i nterl eaved bl ocks to enable parental |ock control in the 10 mul ti-scene
periods, and formats the control information in the cells, i.e., the cel

pl ayback control information for the multi-scene periods. The single scene
subroutine executed as step #2314 in Fig. 56 when steps #2312 or #2316
return NO i.e. 15 , when the scene is determned to be a single scene
and not a nulti-scene period, is described next using Fig. 60. The single
scene subroutine described below wites the interleave unit arrangenent of
the multinmedia bitstream the content of the PGC information entries CPB

20 #i (cell playback information) shoygpin Fig. 16, and thpCTANOGAIZS08
pack NV information shown in Fig. 20, to the generated DVD nmul ti nedi a
bitstream At step #2430 a value "00b" indicating a "non-cell block", i.e.,
that thereis only one cell in the 25 functional block, is witten to
the cell block node CBM -202 - PCT/ JP96/ 02806 (Fig. 16)

of the cell playback information blocks C PBlI # containing the VOB control

i nformation for SRCkHhEOEPEcEdshy PoB! BeatYbss-86RRECct 8 YPRgMRoB! #8,
which is set to O to indicate that the scene is a single scenfe ant not part

of a5 mul tisteese MeLeRdis AbeBt €9 #2882ihechbieal saunleak! eoaheetion.
flag AF (Fig. 16) is set to O in the cell playback information bl ocks
C_PBI #i containing the VGstcsbépo#2408othat intefdeaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information
5 blocks C_PBI #i contaihing the VOB control information for
each scene based on the multi—angie seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.
At step #2410 the navigation pack NV position
10 information (the relative secfor number from the VOB start)
is detected from the title editing.unit (VOB) obtained from
the system encodef 900 (Fig. 25). The navigation pack NV
is then detected based on the number of interleaved VOB
divisions ILV_DIV, a formatter parameter obtained in step
e 15 #1874 in Fig. 55, to obtain the VOBU position information -
(number of sectors from the VOB start), and divide.each VOB
into the specified number of interleave units in VOBU
units.
At step #2412 the interleave units obtained in
20 étep #2410 are then interleaved. For example, the
interleave'units are arranged in ascending VOB number
sequence to create the interleaved blocks as shown in Fig.
37 or 38, and the interleaved blocks are added to the VTS

title VOBS (VISTT VOBS).



each scene based on the nulti-angle seanless switching flag 10 VOB_FsV
state, which is set to O to indicate interleaving is not required. At step
#2434 the navigation pack NV position information (the relative sector
nunber fromthe VOB start) iis detected fromthe title editing unit (VOB)
obtained from 15 the system encoder 900 (Fig. 25), placed in the VOBU
unit, and added to the VIS title VOBS (VISTTVOBS), the video and ot her
streamdata of the nultinmedia bitstream At step #2436 the rel ative sector
nunber fromthe VOBU start is witten to the VOB end pack address VOBUEA 20
(Fig. 20) in the navigation pack NV of eagp-VOBU based on the PEBIPY6/62806n
information obtained in step #2434. At step #2438-the first cell VOBU start
address C FVOBU SA and the last cell VOBU start address CLVOBUSA expressed
as the number of sectors fromthe beginning of 25  and the end of,
respectively, the VIStitle VOBS -203 - PCT/ JP96/ 02806
(VTSTT VOBS) of the value witten as the addresses of the navigation packs

NV of the first and |ast YeBduch Goli1abaspl :enatiive/Bodtioy aniBet from the
(VTSTTVOBS) data obtained in stép #2434. At step #2440 the

state determ negody atagdllils Writitem #,%O&ny VB0 @nidn paick  sildres=.VOBWEAer
precedi ng VOB seam ess connection flag VOBFsb is set to 1 indicating a
seanl ess connect(Fdg.t @0)henprthee diaviigat ifon [pagknds ofheich VOBU based on
the VOBU position information obtained in step #2186.
5 At step #2416 the first cell VOBU.start address
\;f' C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VISTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
10 VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)
data obﬁained in step #2412. |

At step #2418 the relative sector number to the
last interleave unit pack is writteﬁ to the ILVU end pack
address ILVU_EA in the navigation pack NV of the VOBU

15 forming the interleaved units based on the interleaved'gnit
data obtained from step #2412.

At step #2420, the relative sector number in the
interleaved.block data formed in step #2412 is written to
the nexthLVﬁ start address NT_ILVU_SA as the position

20 information of the next ILVU in the navigation packs NV of
the VOBU contained in the interleaved unit ILVU.

At step #2422 the interleaved unit flag ILVU flag
is set to 1 in the navigation packs NV of the VOBU

contained in the interleaved unit ILVU.



Is evaluated. |If step #2440 returns YES, the procedure 10 noves to step
#2442. At step #2442 the seam ess playback flag SPF (Fig. 16) is set to 1
in the cell playback information blocks CPBI #i containing the VOB control
i nformati on for each scene based on the precedi ng VOB seanl ess connecti on
15 flag VOBFsb state, which is set to 1 to indicate a seanl ess
connection. At step #2444 the STC resetting flag STCDF is set to 1 in the
cell playback information blocks CPBI #i containing the VOB contro

i nformati on for each scene based 20 on the preceding VOB seanl ess
connection flag VOBFsb state, which is se?0kvo 1. If step #2440PCd{IP9RLO2306
I.e., there is not a seanl ess connection to the precedi ng scene, the
procedure noves to step #2446. -204 - PCT/ JP96/ 02806 At
step #2446 the seanl ess playback flag SPF (Fig. 16) is set to O in the cel
pl ayback informati on bl ocks C PBlI #i containing the VOB control information

for each scene based on the precedi ng VOB seam ess connection 5 flag
VOBFsb state, which is setAtostep of24214 catle dUnbh-B¥Rnfag efnkbetion. At
step #2448 the STC resetting flag STCDF is_set to O in the ¢ell playback

i nformati on bl och@&VigEion; baghtBY ningtheclasy ¥ORYof Fh?o%ﬁﬁ?FgﬁaVSﬂ BRdk

scene based .
ILVU is set to 1.

At step #2426 “"FFFFFFFFh" is written to the

5 next-ILVU start address NT_ILVU_SA of the névigation pack
Nt NV of the VOBU in the last interléaved unit ILVU of each
VOB.

The operation described above thus formats the
interleaved blocks to enable parental lock control in the
10 multi-scene periods, and formats the control information in

the cells, i.e., the cell playback control information for

jﬁ the multi-scene periods.
Thé.single scene subroutine executed as step
#2314 in Fig. 56 when steps #2312 or #2316 return NO, i.e.
;:J/ 15 » When the scene is determined to be a single scene and not

a multi-scene period, is deécribed next using Fig. 60.

The single scene subroutine described below
writes the interleave.ﬁnit arrangement of the multimedia
bitstream, the content of the PGC information entries C_PBI

20 #1 (céll playback information) shown in Fig. 16, and the
navigation pack NV information shown in Fig. 20, to the |
generated DVD multimedia bitstream.

| At step #2430 a value "00b" indicating a
"non-cell block", i.e,, that there is only one cell in the

25 functional block, is written to the cell block mode CBM



10 on the preceding VOB seanl ess connection flag VOBFsb state, which is
set to 0. The operation described above thus formats a nultinedi a bitstream
for a single scene period, and records the control information in the

cells, i.e., the-cell 15 pl ayback control information (C PBlI #i, Fig.
16), and the information in the navigation pack NV (Fig. 20), to the
produced DVD nultinmedia bitstream Decoder flow charts Di sk-to-stream
buffer transfer flow 20 The decoding information table
produced by the decoding systemcontroller 2300 based on the scenario

sel ection data St51 is described bel ow re#®rring to Figs. 62 aRETHPI6AR806
decodi ng information table conprises the decodi ng - -systemtable shown in

Fig. 62, and the decoding 25 table shown in Fig. 63. -205 -
PCT/ JP96/ 02806- As shown in Fig. 62, the decoding systemtable conprises a
scenario information register and a cell information register. The '

scenario information register records the title nunber and other scenario
reproduction 5 (Fignfleheef cdrtheetell epllagbadic intormatientbleckd € BRIt Hé
scenario selection data St51. The cell information register extracts and
records the infcrontabningdehe OB ccorprotutel eFpatiensfepnsarhusrapget kased

program chain PGC based on {he user-defined scenario iqﬂornation gx%ract%q
on the multi-scene flag VOB _Fp state, which is se o0 to

indicate that the scene is a single scene and not pért of a
5 multi-scene period.

At step #2432 the interieaved allocation flag IAF
(Fig. 16) is set to 0 in the cell playback information
blocks C_PBI #i containing the VOB control information for
eadh scene based on the multi-angle seamless switching flag

10 VOB_FsV state, which is set to 0 to indicate interleaving
is not required.

At step #2434 thé navigation pack NV position
information (the relative sector number from the VOB start)
is detected from the title editing unit (VOB) obtained from

15' the system encoder 900 (Fig. 25), placed in the VOBU unit,
and added to the VTS title VOBS (VTSTT VOBS), the video and
other stream data of the multimedia bitstream. -

At step #2436 the relative sector number from the
VOBU start is written to the VOB end pack address VOBU_EA

20 . (Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position.information obtained in step #2434.

At step #2438 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of

25 and the end of, respectiveiy, the VTS title VOBS



10 into the scenario information register. Mre specifically, the

scenario information regi ster contains plural sub-registers, i.e., the
angl e nunber ANGLE_NO reg, VTS number VTSNOreg, PGC number VTS_PGCI NO reg,
audio ID AUDIO ID reg, sub-picture ID 15 SPI Dreg, and the system cl ock

reference SCR buffer SCR buffer. The angl e nunber ANGLENOreg stores which
angle is reproduced when there are nultiple angles in the reproduction
program chain PGC. 20 The VTS nunber VTSNO reg records the
nunber of the next VTS reproduced fromanong the plural VTS on the disk.
The PGC nunber VTSPGCI NO reg records whi23 -of the pl ural progP@EIPRGI02806
PGC present .in the video title -206 - . PCT/ JP96/ 02806 set
VIS is to be reproduced for parental |ock control or other applications.
The audio ID AUDI O Dreg records which of the plural audio streans in the
VTS are to be reproduced. 5 The sub-picture 1D SPIDreg
records which of the plural sub-picture streans is to be reproduced when
there are plural(VISPIDIVOBS)e o rdssrtvaTud her Miten Tae Hystaddréssésrefethace
SCR buffer SCRouffer is the buffer for tenporarily storing the system clock
10 r ef er ence 8GR gadviomiaracks (N gphckhdctidest andhast | VOBYgin cell

based on the VTS title VOBS (VISTT_VOBS) data obtained in
step #2434. _ | -

5. At-step #2440 the state determineé as a result of
step #300 or #600 in Fig. 51, i.e., whether preceding VOB
seamless connection flag VOB_Fsb is set to 1 indicating a
seamless connection to the preceding or following scenes,
is evaluated. If step #2440 returns YES, the procedure

10 moves to step #2442.

At step #2442 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB.control information for
each scene based on the preceding VOB seamless connection

15 flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.

At step #2444 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i
containing the VOB controi information for each scene based

20 on the precedin§ VOB seamless connection flag VOB Fsb
state, which.is set to 1.

If step #2440 returns NO, i.e., there is not a
seamless connection to the'preceding scene, the procedure

moves to step #2446.



19. As described using Fig. 26, this tenporarily stored system cl ock
reference SCR is output to the decodi ng systemcontroller 2300 as the
bitstream control data St63. The cell information register contains the 15
foll owi ng sub-registers: the cell block node CBMeg, cell block type CBT
reg, seam ess reproduction flag SPF_reg, interleaved allocation flag

| AFreg, STC resetting flag STCDF, seam ess angl e change flag SACF reg,
first cell VOBU start address CFVOBUSA reg, and |last cell VOBU start 20
address C LVOBUSA reg. The cell bl ock node CBMeg stores a val ue indicating
whet her plural cells constitute one funet20dral bl ock. |f ther PCFAPHE02806
plural cells in one functional block, CBMreg stores NBLOCK. If plura
cells constitute 25 one functional block, the value FCELL is stored as
t he -207 - : PCT/ JP96/ 02806 CBM eg val ue of the first cel
in the block, LCELL is stored as the CBMeg value of the last cell in the
bl ock, and BLOCK is stored as the CBMeg of value all cells between the

first and last cells in tht Btegk #2246 the seamlesslAxzddci| fidg tgpe
CBT reg stores a value defining the type of the block indicated by the cel

bl ock nbde CBM K¥dg.| fie)hdsceleltt Hooak iire thenddll pigybadlocdnformitidhi s
stored; if not, N BLOCK is stored. The seanl ess reproduction flag SPF reg
stores a 10 padpghsd 6 PRIng inlcomterinimg the (VOB enndinads sinfoumat kon wioh

each scene based on the preceding VOB seamless connection
5 flag VOB_Fsb state, which is set to O to indicate a
non-seamless connection.

At step #2448 the STC resetting flag STCDF is set
to 0 in the cell playback information blocks C _PBI #i
containing the VOB control information for each scene based

10 on the preceding VOB seamless connection flag VOB_Fsb
state, which is set to 0.

The operation described above thus formats a
multimedia bitstream for a single scene period, and records
the control information in the cells, i.e., the cell

15 playback control information (C_PBI #i, Fig. 16), and the
information in the navigation pack NV (Fig. 20), to the
produced-DVD multimedia bitstream.

Decoder flow charts
Disk-to-stream buffer transfer flow

20 The decoding information table produced by the

decoding system controller 2300 based on the scenario

' selection data St51 is described below ;eferring to Figs.
62 and 63. The decoding information table comprises the
decoding system table shown in Fig. 62, and the decoding

25 table shown in Fig. 63.



the cell or cell block reproduced therebefore. If a seam ess connection is
specified, SM. is stored; if a seanl ess connection is not specified, NSM

is stored. The interleaved allocation flag | AFreg stores a 15 val ue
i dentifying whether the cell exists in a contiguous or interleaved bl ock.
If the cell is part of a an interleaved block, ILVB is stored; otherwi se N

ILVB is stored. The STC resetting flag STCDF defines whet her the 20
systemtime clock STC used for synchronization nust be reset when the cel
i's reproduced; when resetting the systemtime clock STC is necessary,
STCRESET is stored; if resetting is not-28fessary, STCNRESET iRCEABY&0280he
seanl ess angl e change flag SACF reg stores a 25 - value indicating '
whether a cell in a multi-angle period -208 -

PCT/ JP96/ 02806 shoul d be connected seam essly at an angle change. If the
angl e change is seam ess, the seam ess angle change flag SACF is set to
SM.; otherwise it is set to NSM.. The first cell VOBU start address

C FVOBU SA reg 5 st or as sheowrOdY Figyt @&ddrate deddibirg rsfstosm [table
bl ock. The value of this address is expressed as the distance fromthe

| ogi ¢ sector of compriiisest aceidenar ichd nFE@nattion RS (HErSTERADRS)cakl
measured by and expressed (stored) as the nunber of sectors. 10

The last cell VvérgoxmatdondaesistervoB@hae &genario information register

records the title number and other scenario reprodudtion
5 information selected by the user and extracted from the
scenario selection data St51. The cell information
register extracts and records the information required to
reproduce the cells constituting the program chain PGC
based on the user-defined scenario information extracted

10 into the scenario information regiéter.

More specifically, the scenario information
register contains plural sub-registers, i.e., the angle
number ANGLE_NO_reg, VTS number VTS NO reg, -PGC number
VTS PGCI_NO reg, ‘audio ID AUDIO_ID reg, sub-picture ID

o 15 SP_ID reg, and the system élock reference SCR buffer
SCR_buffer.

The angle number ANGLE NO reg stores which angle
is reproduced when there are multiple angles in the
reproduction program chain PGC.

20 The VTS number VTS _NO_reg records the number of
the ﬁext VTS reproduced from among the plural VTS on the
disk. '_

The PGC number VTS_PGCI_NO_reg records which of

the plural program chains PGC present in the video title



stores the VOBU start address of the last cell in the block. The val ue of
this address is al so expressed as the distance fromthe |ogic sector of the
first cell inthe VIStitle VOBS (VISTTVOBS) neasured by and expressed
(stored) 15 as the nunmber of sectors. The decoding table shown in Fig.
63 is described below. As shown in Fig. 63, the decoding table conprises
the following registers: information registers for non-seam ess nulti-angle
control, information registers for 20 seanl ess multi-angle control, a
VOBU i nformation register, and information registers for seamnl ess
reproduction. The information registers-Dfgg-non-seam ess nul t iPCGI/IP6/02806
control conprise sub-regi sters NSMLAGLClI DSTAreg -- NSM._AG._C9_DSTA reg.
-209 - PCT/ JP96/ 02806 NSM._AG._Cl1_DSTA reg -
NSM._AG._C9 DSTA reg record the NVSL_AG._Cl DSTA - NMSL AG. C9 DSTA val ues
in the PCl packet shown in Fig. 20. The information registers for seanl ess
5 mul ti-angle control conprise sub-registers SM._AG._Cl1 DSTA reg -

SM._AGL_C9_DSTAgkegyTEMisAB bk Peffodfded BWr pEren?alSTddketditayd dihe
SML_AG._Cl _DSTA - SM._AG._C9 DSTA values in the DSI packet shown in Fig.

20. 10 other abpl1YcBWYiomsqr mation regi ster stores the end pack
address VOBU EA in the DSI packet shown in Fig. 20.
' The audio ID AUDIO_ID reg records which of the.
plural audio streams in the VTS are to be reproduced.
~ 5 ' The sub-picture ID SP_ID_reg recofds'which of the
plural sub-picture streams is to be reproduced when there
are plural sub-picture streams in the VTS.
| The system clock reference SCR buffer SCR buffer
is the buffer for temporarily storing the system clock
10 reference SCR recorded to the pack header as shown in Fig.
19. As described using Fig; 26, this temporarily stored
system clock reference.SCR is output to the decoding system-
confroller 2300 as the bitstream control data Sté63.
The cell information register contains the
O, 15 following sub-registers: the cell block mode CBM_reg, cell
block type CBT_reg, seamless reproduction flag SPF_req,
. interleaved allqcatibn flag IAF_reg,_STC resetting.flag
STCDF, seamless angle change flag SACF _reg, first cell VOBU
start address C_FVOBU_SA_reg, and last cell VOBU start.
20 address C_LVOBU_SA reg. |
The cell.block.mode CBM_rég-stores a value
indicating whether plural cells constitute one functional
block. If there are not plural cells in one functional
block, CBM_reg sfores N_BLOCK. If plﬁral cells constitute

25 one functional block, the value F_CELL is stored as the



The inforrmation registers for seamnl ess reproduction conprise the follow ng
sub-registers: an interleaved unit flag ILVU flag_ reg, Unit END flag 15
UNIT END flag_reg, Interleaved Unit End Address |ILVU EA reg, Next

Interl eaved Unit Start Address NT_ILVU SA reg, the presentation start tine
of the first video franme in the VOB (Initial Video Frane Presentation Start
Tinme) VOB V_SPTM reg, the presentation end tinme of 20 the last video
frame in the VOB (Final Video Frame Presentation Termnation Time)

VOB_V: EPTM reg, audi o reproduction stopping time 1 VOB_A STP_PTML_reg,

audi o reproduction stopping tine 2 VOB A207TR PTM2 reg, audi o rB@TORA6L02806
stopping period 1 VOB A GAP LENL reg, and 25 audi o reproduction
stopping period 2 VOB _A GAP_LEN2 reg. -210 -

PCT/ JP96/ 02806 The interleaved unit flag ILVU flag reg stores the val ue

i ndi cati ng whether the video object unit VOBUis in an interleaved bl ock,
and stores ILVUIif it is, and N.ILVU if not. 5 The Unit END

flag UNIT END flcayr agcs tvailase: tofe tied Uk ratdi ekl nin Wies HsYodhe Ni CEDLobgect
unit VOBU is the last VOBU in the interleaved unit |ILVU. Because the
interl eaved uni storéd ias tie CBM ney tvdlore cohtthriolast ezellhginttize block,
UNI TENDf | ag reg stores END if the VOBU 10 currently being read is the

|l ast VOBU in t hanéh{BLaGkKaied shaned [ag) then CRM oG el W biesaN Emlls

between the first and last cells in the block.

5 The cell block type CBT_reg storeé a value
defining the type of the block indicated by the cell block
mode CBM _reg. If the cell block is a multi-angle block,

A BLOCK is stored; if not; N_BLOCK is stored.
The seamléss reproduction flag SPF_reg stores a

10 value defining whether that cell is seamless connected with
the cell or cell block repfoduced therebefore. If a
seamless connection is specified; SML is stored; if a
seamless conneétion_iS'not specified, NSML is stored.

| The inﬁerleaved allocation flag IAF_reg stores a

15 value identifying whether the cell exists in a contiguous
or interleaved block. If the cell is part of a an
interleaved block, ILVB is stored; otherwise N _ILVB is
stored.

The STC resetting flag STCDF defines whether the
20 system time clock STC used for synchronization must be
reset when the cell is reproduced; when resetting the
system time clock STC is necessary, STC_RESET is stored; if
resetting is not necessary, STC_NRESET is stored.
The seamless angle change flag SACF_reg stores a

25 value indicating whether a cell in a multi-angle period



The I.nterleaved Unit End Address | LVUEAreg stores the address of the |ast
pack in the I1LVU to which the VOBU belongs if the VOBU is in an interl eaved
bl ock. 15 This address is expressed as the nunber of sectors fromthe
navi gati on pack NV of that VOBU. The Next Interleaved Unit Start Address
NT_ILVU SA reg stores the start address of the next interleaved unit |LVU
If the VOBU is in an interleaved 20 bl ock. This address is al so
expressed as the nunber of sectors fromthe navigation pack NV of that
VOBU. The Initial Video Franme Presentation Start Time register VOB VSPTM
reg stores the tine at which presentat|950&F the first video RAGHEP96102806
VOB starts. -211 - PCT/ JP96/ 02806 The Fi nal Video Frane
Presentation Termination Time register VOB V. EPTMreg stores the tinme at
whi ch presentation of the |ast video frane in the VOB ends. The audio
reproduction stopping tine 1 5 VOB A STP_PTML_reg stores the tinme at
which the audio is to be paused to enable resynchronization, and the audio
reproducti on st shpulld per cofinéctel AcafRekEll adgasi anedd hareyegt h If tHe s
pause period. The audi o reproduction stopping tinme 2 10
VOB_A STP_PTM2_asglend¢handeoisepeatilessen theogeiam] eser iand/12 \vbRAGEPLING r eg
store the sanme val ues. The operation of the DVD decoder DCD according to
SACF is set to SML; otherwise it is set to NSML.
The first cell VOBU start address C_FVOBu;SA_reg
5 stores the VOBU start address of the first cell in a block.
The value of this address is expressed as the distance from
the logic sector of the first cell in the VTS title VOBS
(VI'STT_VOBS) as measured by and expressed (stored) as the
nunber of sectors. '
10 The last cell VOBU start address C_LVOBU SA_reg
- stores the VOBU start address of the last cell in the
block. The value of this address is also expressed as the
distance from the logic sector of the first cell in the VTS
title VOBS (VTSTT_VOBS) measured by and expressed (stored)
15 as the number of sectors.

The decoding table shown in Fig. 63 is described
below. As shown in Fig. 63 the decoding table comprises
the following registers: 1nformat10n registers for
non-seamless muiti-angle contrel, information registers for

20 seamless multi-angle control, a VOBU information register,
and information registers for seamless reproduction.

The information registers for non-seamless
multi-angle control comprise sub-registers

NSML AGL Cl DSTA reg - NSML_ AGL C9 DSTA reg.



t he present invention as shown in Fig. 26 is described next below w th
reference to the flow chart in Fig. 69. 15 At step #310202 it
is first deternined whether a disk has been inserted. If it has, the
procedure noves to step #310204. At step #310204, the volune file structure
VFS (Fig. 21) is read, and the procedure noves to step #310206. 20

At step #310206, the video manager VMG (Fig. 21) is read and the video
title set VIS to be reproduced is extracted. The procedure then noves to
step #310208. At step #310208, the video title set nenu address information
VISM C ADT is extracted fromthe VTS 25 - 209 4 nformation VTSI, BGW/JP86/02806
procedure noves to step #310210. -212 - PCT/JP96/02806
At step #310210 the video title set nmenu VISMVOBS is read fromthe disk
based on the video title set nmenu address information VISMCADT, and the
title selection nmenu is presented. 5 The user is thus able to
select the desired title fromthis nenu in step #310212. If the titles

i ncl ude both contiguous tiNSMIs AGL T DSTEIrexe| € NSME ACHNCENDSTANHedyi t | €s
cont ai ni ng audi o numbers, sub-picture nunbers, or mulTi-angl'e scene
content, the us@eanrd the JNGE ACE 1 _IOSTA -delﬂml'eombln_gl:% D$Phevaluncint he

user selectlon S coq&%eted the procedure noves to step #310214. At step
#310214, the vT&B& Bakatashomn in Fig. 20.

The information registers for seamless
. 5 multi-angle control comprisé sub-registers
SML_AGL_C1_DSTA_reg - SML AGL _C9 DSTA reg.

SML_AGL_Cl_DSTA_regqg - SML AGL_C9 DSTA_reg record
the SML_AGL Cl _DSTA - SML_AGL C9_ DSTA Values in the DSI
packet shown in.Fig. 20.

10 The VOBU information register stores the end pack
address VOBU_EA in the DSI packet shown in Fig. 20.

The information registers for seamless
reproduction comprise the following sub-registers: an
interleaved unit flag ILVU_flag_reg, Unit END flag

15 UNIT_END_flag reg, Interleaved Unit End Address
ILVU_EA_ reg, Next Interleaved Unit Start Address
NT_ILVU SA reg, the presentation start time of the first
video frame in thg VOB (Initial’Video Frame Presentation
Start Time) VOB_V_SPTM reg, the presentation end time of

20 the last video frame in the VOB (Final Video Frame
Presentation Termination Time) VOB V_EPTM reg, audio
reproduction stopping time 1 VOB_A_STP_PTM1 reg, audio
reproduction stopping time 2 VOB_A STP _PTM2_ reg, audio
reproduction stopping period 1 VOB_A GAP_LEN1_reg, and

25 audio reproduction stopping period 2 VOB_A GAP_LEN2 reg.



(PGC) data block corresponding to the title nunber selected by the user is
extracted fromthe VTSPCGC i nfornation table 15 VTSPGCI T, and the
procedure noves to step #310216. Reproduction of the program chain PGC then
begi ns at step #310216. Wien program chain PGC reproduction is finished,

t he decodi ng process ends. If a separate title is thereafter to be
reproduced as determ ned by nonitoring 20 key entry to the scenario
selector, the title menu is presented again (step #310210). Program chain
reproduction in step #310216 above is described in further detail bel ow
referring to Fig. 64. The program chai n P@W0reproduction routi RCHIRIG/62806
of 25 steps #31030, #31032, #31034, and #31035-as shown. -213 - .
PCT/ JP96/ 02806 At step #31030 the decodi ng systemtable shown in Fig. 62 is
defined. The angl e nunber ANGLE NO reg, VTS nunber VTS NO reg, PGC nunber
VTS PGCI NOreg, audio ID AUDI O Dreg, and sub-picture ID SPID reg are set 5
according to the selections nmade by the user using the scenario selector
2100. Once the PGC to be rgpeoduntes leaved anitnEdagt MTEED filesparey nstasss
information (PGC information entries C PBI #j) is extracted and the cel

i nformati on regi ther vague0 indidetiingd whethers fher ydidsce obianty amit RABGris
defined are the cell block node CBMreg, cell block E&Je CBT reg, seanl ess
reproduction fl adNSPR_ABgerigayede Blogkal pHcaStOres if it is, and

N_ILVU if not.

- 5 The Unit END flag UNIT__END_flag_rég stores the
value indicating whether the video object unit VOBU is the
last VOBU in the interleaved unit ILVU. Because the
interleaved unit ILVU is the data unit for continuous
reading, the UNIT_END_flag_reg stores END if the VOBU

10 currently being read is the last VOBU in the interleaved
‘unit ILVU, and otherwise stores N_END.

The Interleaved Unit End Address ILVU_EA reg
. stores the address of the last pack in the ILVU to which
the VOBU belongs if fhe VOBU is in an interleaved bloék.

15 This address is expressed as the number of sectors from the
navigation pack NV of that VOBU.

The Next Interleaved Unit Start Address
NT_ILVU_SA_reg stores the start address of the next
interleaved unit ILVU if the VOBU is in an interleavéd

20 block. This address is also expressed as the number of

- sectors from the navigation pack NV of that VOBU.
| The Initial Video Frame Presentation Start Time
register VOB _V_SPTM reg stores the time at which

presentation of the first video frame in the VOB starts.



flag 1 AF_reg, STC resetting flag STCDF, seanl ess angl e change fl ag

SACF reg, first cell VOBU start address 15 C FVOBU SA reg, and | ast cel
VOBU start address C LVOBU SA reg. Once the decoding systemtable is
defined,  the process transferring data to the stream buffer (step #31032)
and the process decoding the data in the stream 20 buffer (step #31034)
are activated in parallel. The process transferring data to the stream
buffer (step #31032) is the process of transferring data fromthe recording
medium Mto the stream buffer 2400. This is, therefore, the processing of
readi ng the required 25 dat a fromthe r-eidrdi ng nmedi um M and RCTHIP96/08806
the data to - 214 - ' PCT/ JP96/ 02806 t he stream buffer 2400
according to the user-selected title informati on and the playback control

i nformati on (navigation packs NV) witten in the stream The routine shown
as step #31034 is the process 5 for decoding the data stored to the
stream buffer 2400 (Fig. 26), and outputting the decoded data to the video

data output term nal 3600 amheduslirhdatadd/tFtEind Praseit A bh Tédifinatidhe
process for decoding and reproducing the data stored to the stream buffer

2400. 10 ~ Time rday istdmiVos ap BRI Yeqetatep tid GShearat extedeh ed
in parallel. The processing unit of step #31032 is the cel
presentation of the last v1deo frame in the VOB ends.
The audio reproductlon stopping tlme 1
- 5 VOB_A_STP_PTM1_reg stores the time at which the audio is to
.be paused to enable resynchronizaﬁion, and the audio
reproduction stopping period 1 VOB A GAP_LEN1l reg stores
the length of this pause period.
The audio reproduction stopping time 2
10 VOB_A STP_PTM2_reg and audio reproduction stopping period 2
VOB_A_GAP_LEN2_reg store the same values.
The operation of the DVD decoder DCD according to
the present invention as shown in Fig. 26 is described next
below with reference to the flow chart in Fig. 69.
.y 15 At step #310202 it is first determined whether a
- disk has been inserted. If it has, the procedure moves to
step #310204. '
At step #310204, the volume file structure VFS
(Fig. 21) is read, and the procedure moves to step #310206.
20 At.step #310206, the video manager VMG (Fig. 21)
is read and the video title set VTS to be reproduced is
extracted. The procedure then moves to step #310208.
At step #310208; the video title set menu address
information VISM_C_ADT is extracted from the ﬁTS

25  information VTSI, and the procedure moves to step #310210.



and as processing one cell is conpleted, it is determned in step #31035
whet her the conpl ete program chain PGC-has 15 been processed. |If
processi ng the conplete programchain PGC is not conpleted, the decoding

systemtable is defined for the next cell in step #31030. This | oop from
step #31030 through step #31035 is repeated until the entire program chain
PGC i s processed. 20 The stream buffer data transfer process

of step #31032 is described in further detail below referring to Fig. 70.
The stream buffer data transfer process (step #31032) conprises steps
#31040, #31042, #31044, #31046, and #310481xhown in the figurePCT/JPOBIR806
PCT/ JP96/ 02806 At step #31040 it is determ ned whether the cell is a
multi-angle cell. If not, the procedure npves to step #30144. At step
#31044 the non-nulti-angle cell decoding 5 process i s executed.
However, if step #30140 returns YES because the cell is a multi-angle cell,
the procedure noves to step #30142 where the seam ess angl e change fl ag

SACF is evaluated to deterﬂ{ngtgpe#§§52§§aﬂhgseiaaglﬁitgergguchggﬁ 10 S
specified. If seam ess angle reproduction is specified, the seanl ess

mul ti-angl e decowrsg Yopsess réa@xeeonethendisrpbEsad46n theseddeestitng e
reproduction is not specified,
set menu address information VISM_C ADT, and the title
selection menu is presented. |
- 5 The user is thus able to select tﬂe desired title
from this menu in step #310212. If the titles include both
contiguous titles with no user-selectable content, and
titles containing audio numbers, sub-picture numbers, or
multi-angle scene content, the user must also enter the
10 desired angle number. Once the user selection is
. completed, the procédure moves to step #310214.
At step #310214, the VTS_PGCI #i brogram chain
(PGC) data block corresponding to the title number selected
by the user is extracted from the VfSPGC information table
;_/ | 15 VTS_PGCIT, and the procedure moves to step #310216.
Reproduétion of the program chain PGC then begins
at step #310216. When program chain PGC reproduction is
finished, the decoding process ends. If a separate title
is thereafter to be reproduced as determined by monitoring
20 key entry to the scenario selector, the title menu is
presented again (step #310210). |
Program chain reproduction in step #310216 above
is described in further detail below referring to Fig. 64.
Thé program chain PGC reproduction routine consists of

25 ~ steps #31030, #31032, #31034, and #31035 as shown.



t he non-seam ess nulti-angl e decodi ng process is executed 15 in step
#30148. The non-mul ti-angle cell decoding process (step #31044, Fig. 70) is
described further below with reference to Fig. 71. Note that the

non-nul ti-angle cell decoding process (step #31044) conprises the steps

#31050, #31052, 20 and #31054. The first step #31050 eval uates the

i nterl eaved allocation flag | AFreg to determ ne whether the cell is in an
interleaved block. If it is, the non-nulti-angle interleaved bl ock process
I s executed in step #31052. -216 - "PCT/ JP96/ 02806 The

non-multi-angle interleaved bl ock process2i3tep #31052) procesBEI/HIGARB06
branchi ng and connecti on where seanl ess connections are specified in, for
exanple, a nmulti-scene period. 5 However, if the cell is not
in an interl eaved bl ock, the non-nulti-angle contiguous bl ock process is
executed in step #31054. Note that the step #31054 process is the process
executed when there is no scene branching or connection. 10

The non-nul ti-angle |nterIkavsubplﬁmk0$moﬁbesdéswépn#SSQéﬁemthblél;hpwn in
described further below with reference to Fig. 72. At step #31060 the

readi ng head 2006i9s §anp2dedined. [ iThe argle vopuoer sANGHEJNGsTegr\VBESA

read fromthe ]
number VTS_NO_reg, PGC number VTS_PGCI_NO_reg, audio ID

AUDIO_ID_reg, and sub-picture ID SP_ID_reg are set
5 according to the selections made by the usef using the
s scenario selector 2100.

Once the PGC to be reproduced is determined, the
corresponding cell information (PGC information entries
C_PBI #j) is extracted and the cell information register is

10 defined. Thé sub-registers therein that are defined are
the cell block mode CBM reg, cell block type CBT regq,
seamless reproduction flag SPF_reg, interleaved allocation
flag IAF reg, STC resetting_flag'STCDF, seamless angle
change flag SACF_reg, first cell VOBU starf address

v 15 C_FVOBU_SA reg, and last cell VOBU start address
C_LVOBU_SA red.

Once the decoding system table is defined, the
process transferring data to the stream buffer (step
#31032) and the process decoding the data in the stream

20 buffer (step #31034) are activated in parallel.

The précess transferring data to the stream
buffer (step #31032) is the process of transferring data
from the rééording medium M to the stream buffer 2400.
This is, therefore, the processing of reading the required

25 data from the recording medium M and inputting the data to



15  C FVOBU SA reg register. Mre specifically, the address data C FVOBU
SA reg stored in the decoding systemcontroller 2300 (Fig. 26) is input as
bit stream reproduction control signal St53 to the reproduction controller
2002. The 20 reproduction controller 2002 thus controls the recording
media drive unit 2004 and signal processor 2008 to nove the reading head.
2006 to the specified address, data is read, error correction code ECC and
ot her signal processing is acconplished by the signal processor 2008, and
the cell 25 start VOBU data is output as the reproduced bitstream St61
-217 - PCT/ JP96/ 02806 t e 214e stream buffer 240BCT/IBE6/02806
procedure then noves to step #31062. At step #31062 the DSI packet data in
t he navigation pack NV (Fig. 20) is extracted in the stream5 buf f er
2400, the decoding table is defined, and the procedure noves to step
#31064. The registers set in the decoding table are the |ILVU EA reg,

NT ILVU SA reg, VOB V. SPTMreg, VOB V EPTMreg, VOB A STP PTML reg,

VOB_A_STP_PTM2_itheg steRafy GAEAdNRIRY acttkdithg to/Fhe\ st tddPettgdd Bitle
step #31064 the data fromthe first cell VOBU start address C FVOBU SA reg

to the | LVU end ip£fokmaddrors and Whe A Tayhadk exgntiroel diaiformat bowe

interleaved unit ILVU, is transferred to the stream buffer 2400. The

procedur e (navigation packs NV) written in the stream.

The routine shown as step #31034 is the prbcess
5 for decoding the data stored to the stream Suffer 2400
N’ (Fig. 26), and outputting the decoded data to the video
data output termiﬁal 3600 and audio data output terminal
3700. Thus, is the process for decoding and reproducing
the data stored to the stream buffer 2400.
10 Note that step #31032 and step #31034 are

executed in parallel.

The processing unit of step #31032 is the cell,
and as processing one cell is completed, it is determined
in step #31035 whether the complete program chain PGC has

~ .15 been processed. If processing the compiete program chain
PGC is not completed, the decoding system table is defined
for the next cell in step #31030. This loop from step
#31030 through step #31035 is repeated until the entire
program chain PGC is processed.

20 The stream buffer data transfer process of step

#31032 is described in further detail below referring to
Fig. 70. The stream buffer data transfer process (step

#31032) comprises steps #31040, #31042, #31044, #31046, and

#31048 shown in the figure.



15 then noves to step. #31066. More specifically, the address data

| LVUEAreg stored in the decoding systemcontroller 2300 (Fig. 26) is
supplied to the reproduction controller 2002. The reproduction controller
2002 thus controls the recording 20 media drive unit 2004 and signal
processor 2008 to read the data to the |ILVUEA reg address, and after error
correction code ECC and ot her signal processing is acconplished by the

si gnal processor 2008, the data for the first ILVUin the cell is output as
the reproduced bitstream St61 to the 25 stream buffer 2400. It is thus
possi bl e to output the data -218- -~ 215 - PCT/ J PO@CYEPS6/02806

one contiguous interleaved unit ILVU on the recording nediumMto the .
stream buffer 2400. At step #31066 it is determ ned whether all interleaved
units in the interleaved bl ock have been read 5 and transferred. ~ If
the interleaved unit ILVU processed is the last ILVUin the interleaved

bl ock, "Ox7FFFFFFF" indicating termnation is set to the next-1LVU start
address NT_I LVU SA reg asAthstepx#3n0a0 dddrhesdetlefrmined nhwtdnay datheirnedFl
in the interleaved bl ock have thus been 10 processed, the procedure
noves to step #3sossmudtisapgladcedsd.t hd@fr asdi,ndhiee paoz@ditires moyEs fairgeep
to the address NT |ILVU SA reg of the next interleave unit to be reproduced,
and the proceduf30Rédps back to step #31062. Note that this junp is also

acconpl i shed as :
P ’ At step #31044 the non-multi-angle cell decoding

5 process is executed.
| However, if step #30140 returns YES because the
cell is a multi-angle cell, the procedure moves to step
#30142 where the seamless angle change flag SACF is
evaluated to determine whether seamless angle reproduction
10 is specified.

If seamless angle reproduction is specified, the-
seamless multi-angle decoding process is executed in step
#30146. If seamless angle reproduction is not specified,
the non-seamless multi-angle decoding process is executed

15 in step #30148.
. The non-multi-angle cell decoding process (step
#31044, Fig. 70) is described further below with reference
to Fig. 71. Note that the non-multi-angle cell decoding
process (step #31044) comprises the steps #31050, #31052,
20 and #31054.

The first step #31050 evaluates the interleaved
allocation flag IAF_reg to determine whether the cell is in
an interleaved block. If it is,.the non-multi-angle

interleaved blocklprocéss is executed in step #31052.



15 descri bed above, and the |oop fromstep #31062 to step #31068 is

repeated. However, if step #31066 returns YES, i.e., all interleaved unit
ILVU in the interl eaved bl ock have been transferred, step #31052
term nates. 20 The non-nul ti-angle interl eaved bl ock process

(step #31052) thus transfers the data of one cell to the stream buffer

2400. The non-rmul ti-angl e contiguous bl ock process is executed in step .-
#31054, Fig. 71, is described further 25 bel ow with reference to Fig.
73. -219 - PCT/ JP96/ 02806 At step #31070 the readi ng
head 2006 is junped to the first cell WBl6éstart address CFVOBOTAIRISHR060mM
the C FVOBU SA reg register. This junp is also acconplished as descri bed
above, and the |loop fromstep #31072 to step 5 #31076 is initiated. At
step #31072 the DSI packet data in the navigation pack NV (Fig. 20) is
extracted in the stream buffer 2400, .the decoding table is defined, and the
procedure noves to step #31074. The registers set in the 10 decodi ng
table are the VOBU_EA r egrhe/Qioiv-1iikTH4i +&0g1&COBnVerPédredgblock process

VOB A STP_PTML _reg, VOB A STP_PTM2 reg, VOB_A GAP _LEN1 reg, and

VOB _A GAP_LENZ2 (sktep A310%D) #3t0ddssbe daenef bvanchéngi apd cehheveﬁbnstart.

address CFVOBUSAreg to the end pack address
where seamless connections are specified 1n, for example, a
multi~scene period.

5 . However, if the cell is not in anhinterleaved
block, the non-multi-angle cbntigdous.block process is
executed in step #31054. Note that the step #31054 process
is the process executed when there is no scene branching or
connection.

10 The non-multi-angie interleaved block process
(step #31052, Fig. 71) is described further below with
reference to Fig. 72. |

At step #31060 the reading head 2006 is jumped to
‘the first cell VOBU start address C_FVOBU_SA read from the
o~ 13 C_FVOBU_SA reg register.
More speciﬁically, the address data
C FVOBU_SA reg stored in the decoding system controller
2300 (Fig. 26) is input as bitstream reproduction.control
signal St53 to the reproduction controller 2002. The
20 reproduction controller 2002 thus controls the recording
media drive unit 2004 and signal processor 2008 to move the
reading head 2006 to the specified address, data is read,
error correction code.ECC and other signal processing is

accomplished by the signal processor 2008, and the cell

25 start VOBU data is outpﬁt as the reproduced bitstream Sté1l



15 VOBUEA reg, i.e., the data for one video object unit VOBU, is
transferred to the stream buffer 2400. The procedure then noves to step _
#31076. The data for one video object unit VOBU contiguously arrayed to the
recordi ng nmedium M can thus be transferred to the stream buffer 2400. 20
At step #31076 it is determ ned whether all cell data has been transferred.
If all VOBU in the cell has not been transferred, the data for the next
VOBU i s read continuously, and the process | oops back to step #31070.
However, if all VOBU data in the cell has been 25 transferred as
determ ned by the CLVOBUSAreg value in .219220 - PCT/IP96/02806
PCT/ JP96/ 02806 step #31076, the non-nulti-angle contiguous bl ock process
(step #31054) term nates. This process thus transfers the data of one cel
to the stream buffer 2400. Another nethod of acconplishing the 5
non-nul ti-angl e cell decoding process (step #31044, Fig. 70) is described
below with reference to Fig. 74. At step #31080 the reading head 2006 is
junped to the ftestth@e'sltr\égﬁépb%tﬁefr %fbroeSSmfﬁng PRld catir'e® Ehet hdis fid St
VOBU data in the cell is transferredto the stréam 10 bufter 2400. The
procedure then g&u@s#@qoggep #31081, At step #31081 the DSI packet data in
the navigation pack NV (Fig. 20) is extracted-in the stream buffer 2400,
t he decoding table is def wtettte@n(#mzplméedwleplwm tdatsiam#&ﬂé)SZ The
regi sters set in the

navigation pack NV (Fig. 20) is extracted in the stream

f - buffer 2400, the decoding table is defined, and the

h procedure moves to step #31064. The registers set in the
decoding table are the ILVU_EA reg, NT_ILVU SA_reg,
VOB_V_SPTM reg, VOB V_EPTM reg, VOB A STP PTM1_reg,
VOB_A_STP_PTM2 reg, VOB_A GAP_LEN1 reg, and

10 VOB_A_GAP_LEN2_reg.
‘At step #31064 the data from the first cell VOBU

start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA reg, i.e., the'data for one interleaved unit ILVU,

- is transferred to the stream buffer 2400. The procédure

i/~i 15 then moves to step #31066.

More specifically, the address data ILVU_EA_reg
stored in the decoding system controller 2300 (Fig. 26) is
supplied to the reproduction controller 2002. The
reproduction controller 2002 thus controls the recording

20 media drive unit 2004 and signal processor 2008 to read the
data to the ILVU EA reg address, and after error correction
code ECC and other signal processing is accomplished by the
signal-processof 2008, the data for the first ILVU in the
cell is output as the reproduced bitstream St61 to the

25 stream buffer 2400. It is thus possible to output the data



15 decoding table are the SCR buffer, VOBUEAreg, |ILVU flag_reg,

UNIT END flag reg, |ILVUEA reg, NTILVUSAreg VOB _V_SPTM r eq,

VOB V_EPTM reg, VOB A STP_PTML_reg, VOB A STP_ PTM2 reg, VOB A GAP LENI reg,
and VOB A GAP LEN2 reg. 20 At step #31082 the data fromthe
first cell VOBU start address CFVOBUSA reg to the end pack address
VOBUEAreg, i.e., the data for one video object unit VOBU, is transferred to
the stream buffer 2400. The procedure then noves to step #31083. -221-
PCT/ JP96/ 02806 At step #31083 is determ ned whether all cell VOBU data has
been transferred. If it has, the process2(gtep #31044) t er m nPEE/IPY6/02806
has not, the procedure nmobves to step #31084. 5 At step #31084
it is determ ned whether the VOBU is the last VOBU in the interleaved unit.
If not, the process |oops back to step #31081. If so, the procedure
advances to step #31085. It is thus possible to transfer one cell of data
in-VOBU units to the stream buffer 2400. 10 - The 1 oop from

step #31081 10 $beP ohal QIALIGRRRASS itk daBanee dnikove ViAo ek #d&8Eaikg i S

det erm ned whether the interl"eaved unit ILVUIis the last in the |nterleaved
bl ock. If so, shepitnltd4d ehd Bthream buffel, 2Wo®.procedure 15 advances

to step #31086.
At step #31066 it is determined whether all
interleaved units in the interleaved block have been.read
5 and transferred. If the interleaved unit IﬁVU processed is
g © the last ILVU in the interleaved block, "Ox7FFFFFFF"
indicating termination is set to the néxt-ILVU start
address NT_ILVU_SA_reg as the next read address. If all
interleaved units in the interleaved block have thus been
10 processed, the procedure moves to step #31068.

At step #31068 the reading head 2006 is again
jumped to the address NT_ILVU_SA_reg of the next interleave
unit to be reproduced, and the procedure 1oops.back to step

. #31062. Note that this jump is also accomplished as
Voo 15 described above, and the loop from step #31062 to step
#31068 is repeated.

However, if step #31066 returns YES, i.e., all
interleaved unif ILVU in.the interleaved block ﬁave been
transferred, step #31052 terminates.

20 The non-multi-angle interleaved block process
(step #31052) thus transfers the data of one cell to the .
stream buffer 2400.

The non-nulti-angle contiguous block process is

executed in step #31054, Fig. 71, is described further

25 below with reference to Fig. 73.



At step #31086 the reading head 2006 is junped to the address
NT_ILVU SA reg of the next .interleave unit, and the procedure | oops back to
step #31081. It is thus possible to transfer the data for one cell to the
stream 20 buffer 2400. The seanl ess nulti-angl e decodi ng process
executed in step #30146, Fig. 70, is described belowreferring to Fig. 75.
At step #31090 the readi ng head 2006 is junped to 25 the first cel

VOBU start address C FVOBUSA read fromthe = -222 -

PCT/ JP96/ 02806 CFVOBUSA reg register, and the first VOBU data in the cel

is transferred to the stream buffer.2400-2®e procedure then mPCIETRI6/G2806
#31091. This junp is also acconplished as descri bed above, and the | oop
fromstep 5 #31091 to step #31095 is initiated. At step #31091 the DS
packet data in the navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and-the procedure noves to step
#31092. The registers set in the 10 decoding table are the I LVU EA reg,
SM__AGL_C1_DSTA reg - SM. A g€8pDEIA0re0Lth¥OBeddingVhead, 2W08_\ sERUMperl),to

VOB A STP_PTML _reg, VOB A STP_PTM2 reg, VOB _A GAP _LEN1 reg, and
VOB_A GAP_LEN2 relge AlrstepeiB1UOBUt starit adfiresst Be FVOBYt SéehieadOftont the
start address CFVOBUSA reg to the |ILVU end pack address

C_FVOBU_SA reg register. This jump is also accomplished as

described above, and the loop from step #31072 to sfep

S #31076 is initiated. "

At step #31072 the DSIT packet data in the
navigation pack NV .(Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and the
procedure moves to step #31074. The registers set in the

10 decoding table are the VOBU EA reg, VOB_V_SPTM reg,

VOB_V_EPTM reg, VOB _A STP_PTM1_reg, VOB_A STP_PTM2_reg,

VOB A GAP_LEN1l reg, and VOB A GAP_LEN2 reg.

At sﬁep #31074 the data from the first cell VOBU

_ start address C_FVOBU_SA_reg_to the end pack address

\;, 15 VOBU_EA reg, i.e., the data for one video object unit VOBU,
is transferred to the stream buffer 2400. The procedure
then moves to step #31076. The data for one video object
unit VOBU contiéuously arrayed to the recording medium M
can thus be transferred to the stream buffer 2400.

20 At step #31076 it is determined whether all cell
data has been transferred. If all VOBU in the cell has not
been transferred; the data for the next VOBU is read
continuously, and the process loops back to step #31070.

However, if all VOBU data in the cell has been

25 transferred as determined by the C_LVOBU_SA reg value in



|LVU EAreg, i.e., the data for one ILVU, is transferred to the stream

buf fer 2400. The procedure then noves to step #31093. It is thus possible
to output the data for one contiguous interleaved unit ILVU on the
recordi ng medium M 20 to the stream buffer 2400. At step #31093 the
ANGLENO reg is updated, and the procedure noves to step #31094. This
updat e operation resets the ANGLE NO reg to the angl e nunber of the angle
sel ected by the user when the user changes the angle using 25 t he
scenario selector 2100 (Fig. 26). -223 - ' PCT/ JP96/ 02806
At step #31094 it is determ ned whether tH&20angl e cell data hasP@E/TPBE&Z806
transferred. If all ILVUin the cell have not been ‘transferred, the
procedure noves to step #31095. If all ILVU in the cell have been
transferred, the 5 -process termnates. At step #31095 the readi ng head
2006 is junped to the next angle (SM._AG._C#n_reg), and the process | oops
back to step #31091. Note that SMLAG.C#nreg is the address of the angle to
whi ch t he ANGLENGtsp vl Aifdattde eon-nulti-sngle: o9Biguous sblock poecesse
to transfer the data for the angle selected by the user to the stream

buf fer 2400 in | L\&¥FamiAX105d)e trpinakness This i Pregess dehwsi hyapsberssthe

15 executed in step #30148, Fig. 7Q, is descriggd bel ow
data of one cell to the stream buffer 2400.
Another method of accomplishing the
5 non-multi-angle cell decoding process (step #31044, Fig.

70) is described below with reference to Fig. 74.

At step #31080 the reéding head 2006 is jumped to
the first cell VOBU start address C_FVOBU _SA reg, and the
first VOBU data in the cell is transferred to the stream

10 buffer 2400. The procedure then moves to step #31081,

At step #31081 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and the
procedure moves to step #31082. The registers set in the

15 decoding table are the SCR buffer, VOBU_EA reg,

ILVU_flag reg, UNIT_END_flag_req, ILVU_EA req,
NT_ILVU_SA_reg, VOB _V_SPTM_reg, VOB_V.EPTM regq,
VOB_A_STP_PTM1 reg, VOB_A STP PTM2_reg, VOB_A GAP_LEN1l reg,
and VOB_A_GAP_LEN2_reg.

20 At step #31082 the data from the first cell VOBU
start address C_FVOBU SA reg to the end pack address
VOBU_EA reg, i.e., the data for one video object unit VOBU,
is transferred to the stream buffer 2400. The procedure

then moves to step #31083.



referring to Fig. 65. At step #31100 the reading head 2006 is junped to the
first cell VOBU start address CFVOBU SA read fromthe C FVOBU SA reg
register, and the first VOBU data in the 20 cell is transferred to the
stream buffer 2400. The procedure then noves to step #31101. This junp is
al so acconplished as descri bed above, and the |loop fromstep #31101 to step
#31106 is initiated. At step #31101 the DSI packet data in the 25

navi gati on pack NV (Fig. 20) is extracted in the stream -224 -

PCT/ JP96/ 02806 buffer 2400, the decoding table is defined, and the
procedure noves to step #31102. The regi st@2b-set in the decodi RCT/APPG02806
the VOBU EA reg, NSML_AGL_Cl1_DSTA reg, NSM._AGL_C9 DSTA reg,

VOB_V_SPTM reg, VOB V_EPTMeg, 5 VOB_A STP_PTML_r eg,

VOB A STP_PTM2_reg, VOB A GAP LEN1 reg, and VOB A GAP LEN2 reg. At step
#31102 the data fromthe first cell VOBU start address C FVOBU SA reg to
the end pack address VOBUEAreg, i.e., the data for one VOBU, is transferred
to 10 the stream buffer 2408tepll#s108aCadudetichtvinsdy ahethert el ¥ HeB.

It is thus possible to output the data for one contiguous video object unit
VOBU on the record0BY dattauimall beenheransfemred|.f e Tf2430 hatt, dthep pilicdsss
the ANGLENOreg is updated, and 15 the procedure noves to step #31104.
Thi s update operaKF BP #31044) terminates. If it has not, the procedure
" moves to step #31084. |
5 At step #31084 it is determined wﬁether the VOBU
is the last VOBU in the interleavéd unit. If noﬁ, the
process loops back to step #31081. If so, the procedure
advances to step #31085. It is thus possible to transfer
one cell of data in VOBU units to the stream buffer 2400.
10 ' The loop from step #31081 to step #31084 repeats
as described above.
At step #31085 it is determined whether the
interleaved unit ILVU is the last in the interleaved block.
If so, step #31044 terminates. If not, the procedure
15 advances to step #31086. |
At step #31086 the reading head 2006 is jumped to
the address NT_ILVU SA reg of the next interleave unit, and
the procedure loops back to step #31081. It is thus
possible to transfer the data for one cell to the stream
20 . buffer 2400. |
The seamless multi-angle decoding process
executed in step #30146, Fig. 70, is described below
referring to Fig. 75.

At step #31090 the reading head 2006 is jumped to

25 the first cell VOBU start address C_FVOBU_SA read from the



resets the ANGLE NO reg to the angle nunber of the angle selected by the
user when the user changes the angle using the scenario selector 2100 (Fig.
26). At step #31104 it is determ ned whet her the angle 20 “cell data has
all been transferred. |If all VOBU in the cell have not been transferred,
the procedure noves to step #31105. If all VOBU in the cell have been
transferred, the process term nates. At step #31105 the readi ng head 2006

is junped to 25

the next angle (NSML_AGL _C#n_reg), and the process

advances -225 - PCT/ JP96/ 02806 to step #31106. Note that
NSM._AGL_C#n reg is the address of the angl2 +o which the ANGLEPEEIRG6/RS806
updated in step #31103. It is thus possible to transfer the data for the 5
angl e selected by the user to the streambuffer 2400 in VOBU units. Step
#31106 is an effective step for high speed angle switching, and sinply
clears the stream buffer 2400. By thus clearing the stream buffer 2400 the

data for the 10

new y sel ected angl e can be reproduced w t hout

reproduci ng the angVORIAISA tted registeér, namd devedeilrst iveBBiedatar ils, the
clearing the stream buffer 2400 enabl es faster response to user operations.
It is very inportcakl timttramsteooekrtacthe devigean buffer 24095 esthe

I nvention can pronptly noves to the next
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proceédure then moves to step #31091. This jump is also
éccomplished as described above, and the loop from sﬁep
#31091 to step #31095 is initiated. .-

At step #31091 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
buffer'2400, the decoding table is defined, and the
proceduré moves to step #31092. The registers set in the
decoding table are the ILVU_EA reg, SML_AGL_Cl DSTA reg -
SML_AGL_C9_DSTA_reg, VOB_V_SPTM_reg, VOB_V_EPTM_ reg,
VOB_A_STP_PTM1_reg, VOB_A_STP_PTM2_reg, VOB_A_ GAP_LEN1 reg,
and VOB_A GAP_LEN2_ reg.

' At step #31092-the data from the first cell VOBU
start address C_FVOBU_SA_reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for one ILVU, is transferred to
the stream buffer 2400; The procedure then moves to step
#31093. It is thus possible to output the data for one
contiguous interleaved unit ILVU on the recording medium M
to the stream buffer 2400.

At step #31093 the ANGLE_NO_reg is updated, and
the procedure moves to step #31094. This update operation
resets the ANGLE NO_reg to the angle number of the angle
selected by the user when the user changes the angle using

the scenario selector 2100 (Fig. 26).



data readi ng process and effectively perforns the data readi ng once after
the detection of the end of data such as interleave unit |ILVU and video
object unit VOBU for the sake of seanl ess reproduction which is one of nain
targets 20 of the present invention. Wth reference to Fig. 66, a
construction of the stream buffer 2400 which can perfornms the end detection
of interleave unit ILVU is described briefly. The stream buffer 2400
conprises a VOB buffer 2402, a systembuffer 25 2404, a navi gation pack

extractor 2406, and a data counter -226 - PCT/

2408. The system buffer 2404 tenporarlly'%QQWes the title contPGﬁfﬁgkaﬁﬁﬁg
VTSI (Fig. 16) included in signal St61l, and outputs a control information

St 2450 (St 63) such as VIS PGC. 5 The VOB buffer 2402
tenporarily stores the title VOB data VISTT_VOB (Fig. 1002), and the stream
St67 to the system decoder 2500. The NV (navigation pack) extractor 2406
receives tthe VOB data at the same time with the VOB buffer 2402, and 10

extracts the navigation pabk skeph#320Pénit iscdebermripgd: whethgs the angle

furthernore extracts the VOBU final pack address UEA or _I LVU fi.nal _pack
addr ess TLVU EA SRELHIAFe BRS 251 BeRe SERBRERRTBRm: Fonond A0S THe,

9 19,10 Protuss,§ REGK 98350 hgMIEbLPge" E4apkSb8abretRoves <o step
#31095. If all ILVU in the cell have been transferréd, the
5 process terminates. h
g At step #31095 the reading head 2006 is jumped to
the next angle (SML_AGL_C#n_reg), and the process loops
back to step #31091. Note that SML_AGL_C#n_reg is the
address of the angle to which the ANGLE NO reg was updated
10 in step #31093.

It is thus possible to transfer the data for the
angle selected by the user to the stream buffer 2400 in
ILVU units.

The non-seamless multi-angle decoding process is

15 executed in step #30148, Fig. 70, is described below
reférring to Fig. 65.

At step #31100 the reading head 2006 is jumped to
the first cell VOBU start address C _FVOBU_SA read from the
C_FVOBU_SA_reg register, and the first VOBU data in the

20 cell is transferred to the stream buffer 2400. The
procedure then moves to step #31101. This jump is also
laccomplished as described above, and the loop from step
#31101 to ste§ #31106 is initiated.

At step. #31101 the DSI packet data in the

25 navigation pack NV (Fig. 20) is extracted in the stream



the same time wth the VOB buffer 2402, and counts each of pack data shown
in Fig. 19 byte by bye. Then, the data counter 2408 produces a pack i nput
term nating signal St2454 (St63) at the tine when the inputting of pack
data 20 is completed. Due to its construction shown in Fig. 66, the
stream buffer 2400 perforns the VOBU data transfer as exanples at step
#31064 of Fig. 72, as follows. The stream buffer 2400 outputs the VOBU data
for the NV extractor 2406 25 . and data counter 2408 at the sane tine
when t he VOBU buffer -227 - PCT/ JP96/ 02806 2400 receives
the VOBl data on the top of interleave uniZ4I-LVU. As a resul t, RGBTRR6/02806
extractor 2406 can extracts the data of ILVU EA and NT_ILVU SA at the sane
time with the inputting of navigation pack data NV, and outputs thereof 5
as signal St2452 (St63) to the decode systemcontroller 2300 (Fig. 26). The
decode systemcontroller 2300 stores the signal St2452 into the ILVU EA reg
and NT_ILVU SA reg, and then start to counts the nunber of packs based on

t he pack 10 t dufifieat i24@90si el ARl imprhakile ds definmdy @adgthe Based
on the fore nentioned the counted val ue of packs and |ILVU EA reg, the

decode system coRFPSEGMTe IRYesettet tsFafhd 313M2an c Shth ieg it e 18eF nip ofhe
final pack data qf ILVU i npl eted, or_the inputting final byte data of
the fihal 15 gt e e S REEA Pt N At bR 2508,
| NSML_AGL_C9 DSTA reg, VOB_V_SPTM req, VOB_V_EPTM__reg.,
5  VOB_A_STP_PTM1 reg, | VOB_A_STP_PTM2_regq, VOB_;A_GAP_LENl__reg,
-~ and VOB_A GAP LEN2 reg. | |
At step #31102 the data from the first cell VOBU
start address C_FVOBU_SA reg to the end pack address
VOBU_EA reg, i.e., the data for one VOBU, is transferred to
10 the stream buffer 2400. The proceduré then moves to step
#31103. It is thus possible to output the data for one
contiguous video object unit VOBU on the recording medium M
to the stream buffer 2400.
At step #31103 the ANGLE NO reg is updated, and
15 the procedure moves to stép #31104. This update operation
resets the ANGLE NO_reg to the angle number of the angle
selected by the user when the user changes the.angle using

the scenario selector 2100 (Fig. 26).

e e

At step #31104 it is determined whether the angle
20 cellldata has all been transferred. If all VOBU in the
cell have not been transferred, the procedure moves.- to step
#31105. If all VOBU in the cell have been transferred, the
process terminates.
At step #31105 the reading head 2006 is jumped to

25 the next angle (NSML_AGL_C#n_reg), and the process advances



further give a command for the bitstreamreproducer 2000 to nove to the
position having a sector address indicated by NT_ILVU SA reg. The bitstream
producer 2000 noves to the sector address indicated NT_ILVU SA reg, and
starts to read 20 "~ the data. Thus, the detection of final end of ILVU
and readi ng process for the next |ILVU can be perforned effectively. In the
above, an exanple where the nul.tinedia data MBS is reproduced by the

bit stream reproducer 2000 25 wi thout a buffering process, and is
inputted to the stream -228 - PCT/ JP96/ 02806 buffer 2499.
However, in the case that the signal proe&2§er 2008 of the bitSRCEARP6/02806
reproducer 2000 is incorporated with a buffer for error correction process,
for exanple, the controller 2300 gives a noving command to 5 repr oducer
2000 so that the reproducer 2000 noves to the reading position indicated by
NT_ILVU SA reg after conpletion of the final pack data of fore nentioned

| LVU and clearing the internal buffer of the reproducer 2000. Thus, the

effective reprodget stepof#3ii1dd .daNbtry ahath ISMINAGI) C#n b:etgtiseattne address
reproducer 2000 includes a buffer for error correction code (ECC) process.

Furthernore, wheoft lthebiargflreedm pridaic dthe? (OELEANMG Heg fwas fupdaasi pincetep
the data can be transferred effectively by providing any neans having a
function 15 e#@@%ﬂ3ent to that of data counter 2408 (Fig. 66). In

It is thus possible to transfer the data for the
5 angle selected by the user to the stream buffer 2400 in
VOBU units. .

Step #31106 is an effective step for high speed
angle switching, and simply clears the stream buffer 2400.
By thus clearing the stream buffer 2400 the data for the

10 newly selected angle can be reproduced without reproducing
the angle data that is still not decoded. In other words,
clearing the stfeam buffer 2400 enables faster response to
user operations.

It is very important that DVD decoder according

15 to the present invention can promptly moves to the next
data reading process and effectively performs the data
reading once after the detection of the end of data such as
interleave unit ILVU and video object unit VOBU for the
.sake of seamless reproductlon which is one of main targets

20 of the present invention.

With reference to Fig. 66, a construction of the .
stream buffer 2400 which can performs the end detection of
interleave unit ILVU is described briefly. The stream
buffer 2400 comprlses a VOB buffer 2402, a system buffer

25 2404, a navigation pack extractor 2406, and a data counter



ot her words, the bitstreamreproducer 2000 generates the pack input .
conpletion signal St62; the decode systemcontroller 2300 gives a conmand
based on the signal St62 the bitstream reproducer 200 to nove to the
readi ng 20 position having sector address designated by NT_ILVU SA reg.
As apparent fromthe above, the data can be transferred effectively even
when the bitstream reproducer 2000 has a function to buffer the data
reproduced fromthe recording media M -229 -

PCT/ JP96/ 02806 It is to be noted that the apparatus and net hod
substantially the sane as those descri bed26n t he above w t h r REESPI6H2806
i nterleave unit ILVU can be used for the detection VOBU end. In other
words, by replacing the 5 extraction of ILVU EA and NT_ILVU Sa, and the
storing of ILVU EA reg and NT_ILVU SA reg with the extraction of VOBUEA and
storing VOBU EA reg, the apparatus and nethod according to the present

I nvention, described above, can be used for the detection of an_@nd. This
is effective fo24d8. THee sydHéndaiirfidmsios risipaxar iy iSosd®\Wwhat titeas
#31074, #31082, #31092, and #31102. Thus, the reading of data such as |ILVU
and VOBU can be comtirolnemtsf (ST (Rig. ITEcodicipdedvisn isigheel s$téhm sndf er

15 The process for decoding data in the stream buffer 2400
shown as step #Pukpntis arigpntep] sinfaumatyian St2450 (St63) such as
VTS_PGC. ‘
5 The VOB buffer 2402 temporarily stores the title
-’ |

VOB ‘data VISTT VOB (Fig. 1002), and the stream St67 to the
system decoder 2500.
The NV (navigation pack) extractor 2406 receives
the VOB data.at the same time with the VOB buffer 2402, and
10 extracts the navigation pack NV therefrom. The NV
extractor 2406 fhrthermore extracts the VOBU final pack
address COBU_EA or ILVU final pack address ILVU_EA which
are the DSI generation information DSI_GI shown in Fig. 19
to produce a pack address information St2452 (Sté63).
, 15 - The data counter 2408 receives the VOB data at
| the same time with the VOB buffer 2402, and counts each of
pack data shown in Fig. 19 byte by bye. Then, the data
counter 2408 produces a pack input terminating signal
St2454 (St63) at the time when the inputting of pack data
20 is completed.

Due to its construction shown in Fig. 66, the
stream buffer 2400 performs the VOBU data transfer as
examples at.step #31064 of Fig. 72, as follows. The stream
buffer 2400 ocutputs the VOBU data for the NV extractor 2406

25 and data counter 2408 at the same time when the VOBU buffer



bel ow referring to Fig. 67. This process (step #31034) conprises steps
#31110, #31112, #31114, and #31116. At step #31110 data is transferred in
pack units 20 fromthe stream buffer 2400 to the system decoder 2500
(Fig. 26). The procedure then noves to step #31112. At step #31112 the pack
data is fromthe stream buffer 2400 to each of the buffers, i.e., the video
buf fer 2600, sub-picture buffer 2700, and audi o buffer 2800. -230 -

PCT/ JP96/ 02806 At step #31112 the Ids of the user-sel ected audi o and
sub-picture data, i.e., the audio ID AUDIO D reg and the sub-picture ID
SPID reg stored to the scenario informatie@27egi ster shown i n FIRET/B296/02806
conpared with 5 the stream I D and sub-stream I D read fromthe packet
header (Fig. 19), and the natching packets are output to the respective
buffers. The procedure then noves to step #31114. The decode tim ng of the
respecti ve decoders 10" (video, sub-picture, and audi o decoders) is
controlled in step #31114, i.e., the decoding operations of the decoders
are synchroni zed, 2400 teeejivesetiheevoBledata shehé3tbpo ofNdntkeril@avtehanit
decoder synchroni zation process of step #31114 is described below with
reference to Fig.IE¥U.15As a result, theTh¥ extpectiore 2d4l06meamaextsadtsythe
are then decoded at step #31116. The video decoder 3801 thus reads and
decodes the data 826t PRellVHeBAhaRANT_IRVUs SB. gitcthee same time with the

inputting of navigation pack data NV, and outputs théreof
5 as signal St2452 (St63) to the.decode systeﬁ controller
2300 (Fig. 26). | '

The decode system controller 2300 stores the
signal St2452 into the ILVU EA reg and NT_ ILVU SA reg, and
then start to counts the number of packs based on the pack

10 terminating signal 2452 from the data counter 2408. Based
on the fore mentioned the counted value of packs and
ILVU_EA_reg, the decode system controller 2300 detects the
instance when the inputting of final pack data of ILVU is
completed, or the inputting final byte data of the final

s 15 pack of the ILVU is completed. Then, the controller 2300

further give a command for the bitstream reproducer 2000 to
move to the position having a sector address indicated by
NT_ILVU SA reg. The bitstream producer 2000 moves to the
sector address indicated NT_ILVU SA reg, and starts to read
20 the data. Thus, the detection of final end of ILVU and
reading process for the next ILVU can be performed
effectively. |
In the abové, an'example where the muitimédia
data MBS is reproduced by the bitstream reproducer 2000

25 without a buffering process, and is inputted to the stream



decoder 3100 reads and decodes the data fromthe sub-picture buffer, and

t he audi o decoder 3200 reads and 20 decodes the data fromthe audio

buffer. This stream buffer data decodi ng process then term nates when these

decodi ng processes are conpleted. The decoder synchroni zati on process of

step #31114, Fig. 67, is described belowwth reference to Fig. -231 -

PCT/ JP96/ 02806 68. This processes conprises steps #31120, #31122, and

#31124. At step #31120 it is determ ned whether a seam ess connection is

specified between the current cell 5 and the preceding cell. If a

seanm ess connection, the procedure noves @328tep #31122, if not PGT{EP96/02806

procedure noves to step #31124. A process synchroni zi ng operation for

produci ng seamn ess connections is executed in step #31122, and a 10

process synchroni zi ng operation for non-seam ess connections is executed in

step #31124. A nmulti-angle system conprising plural system streans each

conprising audio and video data representing views fromdifferent

perspectives is tbusfeengupoct eHolygver, inmthescabet thatr ¢hentsiignadnti on

descri bed above. Using the resulting nulti-angle systemstream an

observer can duri pgosedsarpRe98npft the Witatiream yeproduces R20HM tish t he

system streans representing each of the angles at predefined unit
incorporated with a buffer for error correction process,
for example, the controller 2300 gives a moving command to

S reproducer 2000 so that the reproducer 2000 moves to the
reading position indicated by NI_iLVQ_SA_reg after
completion of the final pack data of fore mentioned ILVU
and clearing the internal buffer of the reproducer 2000.
Thus, the effective reproduction of ILVU data even when the

10 bitstrean reproducer 2000 includes a buffer for error
correction code (ECC) process.

Furthermore, when the bitstream producer 2000 has

a buffer for ECC process, the data can be transferred
effectively by providing any means having a function

-~ 15 equivalent to that of data counter 2408 (Fig. 66). In .
other words, the bitstream reproducer 2000 generates the
pack input completion signal Sté62; the decode system
controller 2300 gives a command based on the signal Sté2
the bitstream reproducer 200 to move to the reading

20 position having sector address designated by
NT_ILVU_ SA redq. As.appareht from the above, the data can
be transferred effectively even when the bitstream
reproducer 2000 has a function to buffer the data

reproduced from the recording media M.



intervals. To acconplish this, the systemstreans are 20 constructed
such that the presentation tines of the video data and the presentation
times of the audio data contained in the system streans corresponding to
each angle are the sane in each of the particular units at which sw tching
between angles is possible. As a result, when the user 25 changes from
one angle to another angle at any desired -232 -
PCT/ JP96/ 02806 point within a multi-angle scene period as though changing
the canera position, the video will not be disturbed or intermtted
audio will not be disrupted with noise or ##®rmitted, and the aﬂ@t@P 2806
vi deo can thus be snoothly 5 swi tched. Moreover, because the audi o data
contained in the system streans corresponding.to each angle is the sane in
the angle switching units of each angle, the audio wll not be disrupted
with noise or intermtted, and the audio can 10 t hus be snoot hly
swi tched when the user changes fromone angle to another angle at any
desired point within a nultiItahglbOSbenacpedibbatsthﬁoagpathﬁﬁgiﬁ@dtmgthOd
canera position. Industrial plicability As apparent from_.the above
method and an 15 Subgbanrbkiadlyatheranrng as thesprdesrribPadesn She ?@PVE with
Interleaving a bit strea£1gnd reco rdlngethe i nterleaved bi strea

o]

recordi ng medi um ah8SPEEFotiAcFRE LRESFLEBVEHNLR LFVHAGRR PtEFF or” the

therefron1|s Su'taaegecglon VOBU end. In other words, by replacing.the
| 5 extractlon of ILVU EA and NT_ILVU Sa, and tﬁe storing of
hd ILVU _EA reg and NT_ILVU_SA_reg with the extraction of
VOBU_EA and storing VOBU_EA reg, the apparatus ahd nethod
according to the present invention, described ébove, can be
used for the detection of an_@end. This is effective for
10 the VOBU data transferring operations showp at steps
#31074, #31082, #31092, and #31102.
Thus, the reading of data such as ILVU and VOBU
can be performed effectively.
Decoding flows in the stream buffer
15 The process for decoding data in the stream
buffer 2400 shown as step #31034 in Fig. 64 is described
below referrlng to Fig. 67. This process (steb #31034)
comprises steps #31110, #31112, #31114, and #3111e.
At step #31110 data is transferred in pack units
20 from the stream buffer 2400 to the system decoder 2500
(Fig. 26). The procedure thén moves to step #31112.
At step #31112 the pack data is from the stream
buffer 2400 to each of the buffers, i.e., the video buffer

2600, sub-picture buffer 2700, and audio buffer 2800.



aut horing system which can generate a newtitle by editing 20 atitle
constructed by bitstreans carrying various information in accordance with
the user's request, and is also suitable for a recently devel oped Digital

Vi deo System or DVD system -233 - . PCT/ JP96/ 02806 CLAI V5
1. An interleaving nmethod which for the presentation of a bitstream
that is reproduced by selecting two or nore data units (VOB) from a
bitstream conprising three or nore 5 data units (VOB) contiguous on the
same time-base is characterized by generating said bitstream by arrangi ng
the selected data units (VOB) in a particubag-sequence on the s®@I/IP96/02806
time- base based on the presentation tine of each data unit (VOB) so that it
is possible to sequentially access 10 all data units (VOB) and present
only the selected data units (VOB) wi thout tine-base intermttence, and is
characterized by dividing said data units (VOB) into shortest-read-tine
data units (1LVU), and generating said bitstream by arranging the

shortest-read-tinme data uni h¢ &eep #30hh¥Ukne" 1AsP ¥t ithid WseTeBEUER dudttio
sane ti me-base based on the shortest read tine each shortest-read-tine data

unit (ILVU) so thahdi subspietaire @ata,sdqesnt ithld yuadeeTd AUDIO_ID_reg and
shortest-read-tine data units (ILW) and present-only the

short est -read-t i nbhéasabupictufel YU) SP_IDheegeistéored dat £h20 scenaxiis (VCB)
wi t hout tine-base intermttence, said
information reglster shown in Fig. 62, are compared w1th
5 the stream ID and sub-stream ID read from the packet header
(Fig. 19), and the matching packeﬁs are output to the
respective buffers. The procedure then moves to step
#31114.
The decode timing of the respective decoders
10 (video; sub~picture, and audio decoders) is controlled in
step #31114, i.e., the decoding operations of the decoders.
are synchronized, and the procedure moves to step #31116.
Note that the deéoder synchronization process of
step #31114 is_described below with reference to Fig. 68.
- 15 ~ The respective elementary strings are then
decoded at step #31116. The video decoder 3801 thus reads
and decodes the data from the video buffer, the sub-picture
decoder 3100 reads and decodes the data from the |
sub-picture buffer, and the audio decoder 3200 reads and
20 decodes the data from the audio buffer.
This stream buffer data decoding process then
terminates when these'decoding,prdceSSes are completed.

The decoder synchronization process of step

#31114, Fig. 67, is described below with reference to Fig.



presentation tinme of each shortest-read-tinme data unit (ILVU) being the
sane. REPLACED - 234 - PCT/ JP96/ 02806 2. An

i nterleaving nethod according to Claim1l wherein the shortest-read-tine
data units (ILVU) are the sane audio data. 3. An interleaving method
according to Cdaim2 5 wherein the shortest-read-tine data units (1LWVU)
are conpletely self-contained data units, the presentation of which does
not require referencing any other shortest-read- tine data unit (ILVU). 4.
An interleaving method according to Claim2 10 wherein the

shortest-read-tinme data units (ILVU) are_ohpsed group_of plctqugngfgamgmmg
on the MPEG standard. 5. An interl eaving nmethod which for the

presentation of a bitstreamthat is reproduced by selecting two or nore
data units (VOB) froma bitstreamconprising three or nore 15 data units
(VOB) contiguous on the sanme tine-base is characterized by generating said
bitstream by arranging the selected data units (VOB) in a particular

sequence on the ggne Thie Paseelased Rhdriady atyAl#an 44 Wﬁl%acmmta

unit (VOB) so that it is possible to acCess and present 20

ti me-base intermgitnarae only the selected data units (VOB), and is
characterized by dividing said data units (VOB) into shortest-read-tine
data units (ILVW), and At step #31120 it is determined whether a

seamless connection is specified between the current cell

5 and the preceding cell. If a seamless connection, the
procedure moves to step #31122, if not, the procedure moves
to step #31124.

A process synchronizing operation for producing
seamless connections is executed in step #31122,land a

10 process synchronizing operation for non-seamless
connections is executed in step #31124.

A multi-angle system comprising plural system
streams each comprising audio and video data representing
views from different perspectives is thus constructed by

15 means of the present invention described above. Using the
resulting multi-angle system stream, an observer can during
media presentation dynamically and freely switch the system
streams representing each of the angles at predefined unit
intervals. To accomplish this, the system stfeams are

20 constructed such that the presentation times of the video
data and the presentation times of the audio data contained
.in the system streams corresponding to each angle are the
same in each of the particular units at which switching
between angles is possible. As a result, when the user

25 changes from one angle to another angle at any desired



generating said bitstream by arranging the shortest-read- tinme data units
(ILVWJ) in a particular sequence on the sanme 25 ti me- base based on the
read tine of each shortest-read-tinme - 235- -

PCT/ JP96/ 02806 data unit (ILVU) so that it is possible to access and
present wi thout tine-base intermttence only the shortest- read-tine data
units (ILVU) of the selected data units (VOB), said presentation tine of

each shortest-read-tine 5 data unit (I1LVU) being the sanme. 6. An
interl eaving nmethod according to Claim5 wherein the shortest-read-tinme
data units (ILVU) are the sane audi o data23Z.- An i nt er | BOTABOGMORRGH]

according to Caim5 10 wherein the shortest-read-tinme data units (ILVU)
are conpletely self-contained data units, the presentation of which does
not require referencing any other shortest-read- tine data unit (ILVU). 8.
An interleaving nmethod according to Claim5 15 wherein the
shortest-read-tinme data units (I1LVU are closed group_of pictures GOP based

on the MPEG stangai@t within a multi-angle scene period as though changing
the camera position, the video will not be disturbed or
interﬁitted, the audio will not be disrupted with noise br
intermitted, and the audio and video can thus be smoéthly
5 switched. |
Moreover, because the aﬁdio data contained in the
system streaﬁs corresponding to each angle is the same in
the angle swit;hing units of each angle, the audio will not
be disrupted with noise or intermitted, and the audio can
10 thus be smoothly sWitched.when the user changes from one
angle to anofher angle at any desired point within a multi-
angle scene period as though changing the camera position.
Industrial Applicability
As apparent from the above, a method and an
- 15 apparatus, according to the present invention, for
| interleaving a bit stream and recording the interleaved
bitstream on a recording medium and reproducing the
recorded interleaved bitstream therefrom is suitable for an
authoring system which can generate a new title by editing
20 a title constructed by bitstreams carrying various
| information in accordance with the user’s request, and is
also suitable for a recently developed Digital Video

System, or DVD system.
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CLAIMS

1. An interleaving method which for the presentation
of a bitstream that is reproduced by selecting two of more
data units (VOB) from a bitstream comprisiné three or more
data units (VOB) contiguous on the same time-base is
characterized by generating said bitstream by arranging the
selected data units (VOB) in a particular sequence on the
same time-base based on the presentation time of each data

unit (VOB) so that it is possible to sequentially access

all data units (VOB) and present only the selected data

units (VOB) without time-base intermittence, and is
characterized by dividing said data units (VOB) into
shortest-read-time data units (ILVU), and generating said

bitstream by arranging the shortest-read-time data units

(ILVU) in a particular sequence on the same time-base based

on the shortest read time each shortest-read-time data unit
l(ILVU) so that it is possible to seguentially access all
shortest-read-time data units (ILVU) and present only the
shortest~read-time data units (ILVU) of the selected data
units (VOB) without time-base intermittence, said

presentation time of each shortest-read-time data unit

(ILVU) being the same.
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2. An interleaving method.according to Claim 1
wherein the shortest-read-time data units (ILVU) are the
same audio data.

3. An.interleaving method according to 01aimf2
wherein the shortest-read-time data units (ILVU) are
completély self-contained data units, the presentation of
which doces not requife referencing any other shortest-read-
time data unit'(ILVU).

4. An interleaving method according to Claim 2
wherein tﬁe shortest-read-time data units (ILVU) are closed
group_of pictures GOP based on the MPEG standard.

5. An interléaving method which for the presentation

of a bitstream that is reproduced by selecting two or more

~ data units‘(VOB) from a bitstream comprising three or more

data units (VOB) contiguous on the same time-base is’
characterized by generating said bitstream by arranging the
selected data units (VOB) in a pérticular sequence on the
same time-base based on the presentation time of each data
unit (VOB) so that it is possible to access and present
without time-base intermittence only the selected data
units (VOB), and is characterized by dividing said data
units (VOB) into shortest-read-time data units (ILVU), and
generating said bitstream by arranging the shortest-read-
time data units (ILVU) in a particular sequence on the same

time-base based on the read time of each shortest-read-time
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data unit (ILVU) so that it is possible to access and
present without time-base intermittence only the shortest-
read-time data units (ILVU) of the selected data units
(VOB), said presentation time of each shortest-read-time
data unit (ILVU) being the same. |

6. ~ An interleaving method eccording to Claim 5
wherein the shortest-read-time data units (ILVU) are the
same audio data.

7. An interleaving method according to Claim 5
wherein the shortest-read-time data units (ILVU) are-
completely self-contained data units, the presentation of
which does not ;equire referencing any other shortest-read-
time data unit (ILVU). - |

8. An interleaving method according to Claim 5
wherein the shortest-read-time data units (ILVU) are closed

group_of_pictures GOP based on the MPEG standard.
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