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DESCRI PTI ON ENCODI NG METHOD AND DEVI CE FOR G VI NG

SEARCHI NG REPRODUCI NG ROUTE | NFORVATI ON TO A BI TSTREAM

Technical Field 5 The present invention relates to a nethod
and apparatus for system encoding bitstreans to connect seamnl essly
t hereof and, nore particularly, bitstreans for use in an aut horing
system for variously processing a data bitstream conprising the

vi deo data, audio data, and sub-pi ct uSENGAPORELO constituting each of
plural programtitles containing rel ated vi deo data, audio data,
and sub-picture data content to generate a bitstreamfromwhich a
new title containing the C OPAEENTS eACT el t he user can be
reproduced, and efficiently (ARCE2Hi Q%) B9 )Y epr oduci ng sai d gener at ed
bitstreamusing a
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15 particul ar recordi ng medi um Background Art

Aut horing systens used to produce programtitles conprising rel ated
vi deo data, audio data, and sub-picture data by digitally
processing, for exanple, nultinedia data 20 conpri sing video, audio,
and sub-picture data recorded to | aser disk or video CD formats are
currently avail abl e. -2-

PCT/ JP96/ 02798 Systens using Video-CDs in
particular are able to record video data to a CD format disk

whi ch was originally desi gned st-h an approxi mat el y FOOTRES/02798
recordi ng capacity for storing digital audio data only, by using
such high efficiency 5 vi deo conpression techniques as MPEG  As a
result of the i ncreased effective recording capacity achi eved
usi ng data conpressi on techni ques, karaoke titles and ot her

conventi onal
DESCRIPTION

ENCODING METHOD AND DEVICE FOR GIVING SEARCHING/REPRODUCING

ROUTE INFORMATION TO A BITSTREAM

Technical Field

5 The present invention relates to a method and
apparatus for systénlencoding”bitstreams to connect seamlessly

thereof and, more particularly, bitstreams for use in an

authoring system for variously processing a data bitstream

comprising the video data, audio data, and sub-picture data

10 constituting each of plural program titles containing 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 reproduced, and efficiently
| recording and reproducing said generated bitstream using a

15 particular recording medium.

Background Art
Authoring systems used to produce program titles

comprising related video data, audio data; and sub-picture

aata by digitally proceséing, foi example, multimedia data

20 compriging video, audio, and sub-picture data recorded to

laser disk or video CD formats are currently available.



| aser disk applications are gradually being transferred to the
vi deo CD format. 10 Users. t oday expect both sophisticated

title content
expect ati ons,

and hi gh reproduction quality. To nmeet these
each title nmust be conposed frombitstreans with an

I ncreasingly deep hierarchical structure. The data size of
multinmedia titles witten wth bitstreans having such deep 15

hi er ar chi ca

structures, however, is ten or nore tines greater

than the data size of |ess conplex titles. The need to edit _ snal
I mage (title) details also makes it necesgary to process PCT/IP967/0R798
control the bitstreamusing I'ow order hierarchical data units.
20 It is therefore necessary to devel op and prove a
bitstream structure and an advanced digital processing nethod

I ncl udi ng both recordi ng and reproduction capabilities whereby a
| arge volune, nmultiple level hierarchical digital bitstream can

be efficiently controll edggkteashubstg valiedlepy addBticulardare 4b38 to
needed are an apparatus for executing this digital

5
\/.

10

" 15

20

25

record video data to a CD format disk, which was originally
designed with an approximately 600 MB recording capacity for
storing digital audio data only, by using such high efficiency
video compression techniques as MPEG. 'As a result of the
increased effective recording capacity achieved using data
compression techniques, kéraoke titles and other conventional
laser disk applicatiéns are gradually being transferred to the
video CD format. |

Users today expect both sophisticated title content
and high reproduction quality. To meet these expectations,
each title must be composed from bitstreams with an
increasingly deep hierarchical structure. The data size of
multimedia titles written with bitstreams having such deep
hierarchical structures, however, is ﬁen.or more times greater
than the data size of less complex titles. The need to edit
small image (title) details also makes it necessary to process
and control the bitstream ﬁsingllow order hierarchical data.
units.

It is therefore necessary to develop and prove a

‘bitstream structure and an advanced digital processing method

including both recording and reproduction capabilities whereby

a large volume, multiple level hierarchical digital bitstream

can be efficiently controlled at each level of the hierarchy.

Also needed are an apparatus for executing this digital



- 3- PCT/ JP96/ 02798 ' processi ng method, and a

recordi ng nedia to which the b|tstrean1d|g|tally processed by
sai d apparatus can be efficiently recorded for storage and from
whi ch sai d recorded i nformati on can be quickly reproduced. 5
Means of increasing the storage capacity of conventi onal’
optical disks have been-w dely researched to address the
recordi ng medi um 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 43 - 10 t he wavelREIIRPEN27O8e
| aser beamis 1 and the aperture of the objective lens is NA
then the spot dianeter D is proportional to I/ NA, and the storage
capacity can be efficiently inproved by decreasing 1 and

I ncreasi ng NA As described, for exanple, in United

States Patent 15 5, 235, 581, however, coma caused by a relative tilt
bet ween t he processilhgk nethede cnild t hee aeidordlimKi medial hed awhicheatthe

(hereafter "tilt") increases when a |arge aperture (high NA) |ens
is uskit stoepmev@igitallyi rpicoesssedn byt heaikansppagatusubsanat be
must be nmade very thin. The problemis that the nechani cal 20

strength of theeBféripstivwrependedcior eﬁts;mgmar@ﬁmwblpb said recorded

very thin.
information can be quickly reproduced.

5 Means of increasing the storage capacity of
conventional thical disks have been widely researched to
address the recording 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

10 the wavelength of the laser beam is 1 and the aperture of the
objective lens is NA,.then the spot diameter D is proportional
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

Lv/ 15 5,235,581, however, coma caused by a relative tilt between the

disk surface and the optical axis of the laser beam (hereafter

“tilt“) increases when a large aperture (high NA) lens is

used. To prevent tilt-induced coma, the'transparent substrate

must be made very thin. The problem is that the mechanical

20 strength of the disk is low when the transparent substrate is
very thin.

MPEGl, the conventional method of recording and

reprbducing video, audio, and graphic signal data, has also

been replaced by the more robust MPEG2 method, which can

25 transfer large data volumes at a higher rate. It should be



MPEGL, the conventional nethod of recording and repr oduci ng

vi deo, audi o, and graphic signal data, has al so . been repl aced by
t he nore robust MPE& net hod, which can 25 transfer large data

vol unes at a higher rate. It should be

-4 - PCT/ JP96/ 02798 noted that the conpression
met hod and data format of the MPERX standard di ffer somewhat from

t hose of MPEGL. The specific content of and differences between
MPEGL and MPEQ2 are described in detail in the I SO 11172 and

| SO 13818 MPEG 5 standards, and furthér description ther ed®CTIPI02798d
bel ow. Not e, homever that while the structure of the
encoded vi deo strean1|s defined in the MPEG speci ficati on, t he

hi erarchi cal structure of the system stream and t he net hod of
processing | ower hierarchical |levels are not defined. 10 - As
descri bed above, it is therefore not possible in : a conventi onal

aut hori ng syst enptedptbaesshea danmesibion siettdakt and data format of the MPEG2

standard differ somewhat from those of MPEG1. The specific
content of and differences between - MPEG1 and MPEG2 are
described in detail in the IS0-11172 and ISO-13818 MPEG

5 standards, and further description thereof is omitted below.

Note, however, that while the structure of the
encoded video stream is defined in the MPEG2 specification;
the hierarchical structure of the system stream and the method
of'processing lower hierarchical levels are not defined.

10 As described above, it is therefore not possible in
a conventional authoring system to process a large data stream
containing sﬁfficient information to satisfy many different
user requirements. Moreover, even if such a processing method
were available,. the processed data recorded thereto cannot be

. 13 repeatedly used to reduce data redundancy because there is no

large capacity recording medium currently available that can
efficiently record and reproduce high volume bitstreams such

as described above.
More specifically, particular significant hardware
20 and software requirements must be satisfied in order to
process a bitstream using a data unit smaller than the title.
" These specific hardware requirements include significantly
increaéing the storage capacity of the recording medium and

increasing the speed of digital processing; software



cont ai ni ng sufficient infofnation to satisfy many different user

requi rements. Moreover, even if such a processing nethod wer e
avai |l abl e, the processed data recorded thereto cannot be 15 repeat edl y
used to reduce data redundancy because there is no | arge capacity
recording nmediumcurrently avail able that can efficiently record and
repr oduce hi gh volune bitstreans such as descri bed above.

More specifically, particular significant hardware 20 and software
requi rements nust be satisfied in order to process a bitstream using
a data unit smaller than the title. - 5 -These specific har ®GEF/E96/02798
requi rements include significantly .~ increasing the storage capacity
of the recording nmedi um and i ncreasing the speed of digital
processi ng; software :

PCT/ JP96/ 02798 requirenents include inventing an advanced
digital processing nmet hod i ncluding a sophisticated data
structure. requirements include inventing an advanced digital processing

method including a sophisticated data structure..
Therefore, the object of the present invention is
to provide an effectiwve authoring system for controlling a
5 multimedia data bitstream with advanced hardware and software
requirements using a data unit smaller than the title to
better address advanced user requirements.
To share data between plural titles and thereby
efficiently utilize optical disk capacity, multi-scene control
10 whereby scene data common to plural titles and the desifed :
scenes‘on the same ﬁime-base from within multi-scene periods
containing plural scenes unique to particular reproduction
paths can be freely selected and reproduced is desirable.
However, when plural scenes unique to a reproduction
- 13 path within the multi-scene period are arranged on the same
time-base, the scene data must be contiguous. Unselected
multi-scene data is therefore unavoidablf'inserted“between the
selected common scene data and the selected multi-scene data.
When the recording medium is a disk or other random-
20 access capable medium, the bitstream can be discreﬁely
reproduced and high-speed special reproduction modes such as
fast-forward and reverse play can be achieved by using the
characteristics of the recoxrding mediﬁm to calculate the skip-
destination according to the playback speed, or by extracting

25 the skip destination from information in the bitstream.



Therefore, the object of the present invention is to provide an

effective authoring systemfor controlling a 5 mul timedi a data
bitstream wi th advanced hardware and software requi renents using
a data unit smaller than the title to better address advanced
user requirenents. To share data between plural titles
and t hereby efficiently utilize optical disk capacity,

mul ti-scene control 10 wher eby scene data common to plural titles
and the desired scenes on. the sanme tine-base fromw thin

nul ti-scene periods contai-ni ng6pl ural scenes uni queP€BIPI6/02798
particul ar reproduction paths can be freely selected and :
reproduced is desirable. However, when plural scenes
uni que to a reproduction 15 path within the nulti-scene period are
arranged on the sane ti me-base, the scene data nust be
contiguous. .Unselected multi-scene data is therefore

‘unavoi dably i nserted betwdowever, while it isegbessildl e orororalsueiat eldthe akip
the selected nulti-scene data. When the recordin

medi um i s a di sklestinatgion s the bit ratracﬁ@ssseembabséy padeyed %ﬂ?é'mh
bitstream can be discretely repr oduced and hi gh-speed speci al '

reproducti on nodetasyiemdPranching, fop,examplgar Frofd & SEEMOR SCgps 4P e
achi eved by usin q chara%éﬁrlstlcs of the recqrdin |un1t%
cal cul ate the si§ gfpp ural scengfdm & MudtisEesng PGS rd'ln%l?g‘cel?“gﬁ@ébl

or by extracting spec:Lal rept}eodsdﬂt%.oqle% a2 's%rclzﬂc LU0 'k Wirerse

bi t stream
S

play) using a bitstream containing common scene data and

multi-scene periods, it is not possible to calculate the skip

destination for non-contiguously arrayed branch data (scenes).

Furthermore, while branch destination address

10 information may be recorded for one reproduction path, this

does not make it possible to branch to other paths. Trying to

record all possible path destinations is also an inefficient

use of limited storage capacity. Each time common scene data

is used, the GOP address information of the branch destination

W, 15 must also be recorded, further complicating the data

geheration_process. This is, therefore, also not practical.

It is thus- difficult to follow the desired scene data in, for

example, fast-forward modes seeking one of multiple scenes.

It is also Qdifficult to follow the desired scene data in

20 reverse mode reproduction from a multi-scene period to a
common scene.

Therefore, the object of the present invention is

to provide a multimedia optical disk whereby special

reproduction modes can be éccomplished even using scene data

25 arrayed to multi-scene periods; a recording method and a



-6. - PCT/ JP96/ 02798 However, while

it is possible to calculate the skip destination fromthe bit
rate for seam essly arrayed branch data when branching, for
exanpl e, froma comon scene to one of plural scenes in a

mul ti-scene period during execution of 5 a special reproduction
node (such as fast-forward or reverse _ pl ay) using a bitstream
cont ai ni ng comon scene data and mul ti-scene periods, it is not
possi ble to calculate the skip destination for non-contiguously
arrayed branch data (scenes). -7 Fur t her nor eeCIMIP96/02798
branch destination address 10 I nformati on nay be recorded for one
reproduction path, this does not meke it possible to branch to
ot her paths. Trying to record all possible path destinations is
al so an inefficient use of limted storage capacity. Each tine
common scene data I's used, the GOP address information of the.

PL 2”0261?25“ nat FreprodbctiofUShetdod0 £Be iREBLHEHg hLHA! hekprealRlneat isdd g
multimedia optical disk; and a recording apparatus and a
reproduction apparatus implementing said recording method and
reproduction method, respectively.

5 - The present application is based upon Japanese
Patent Application No. 7-276574, which was filed on September

29, 1995, the entire contents of which are expressly

incorporated by reference herein.

Disclosure of Invention
10 The present invention has been developed with a view
to substantially'solving'the.above described disadvantages and
haé for its essential object to provide a multimedia optical
disk comprising at least one information layer to which plural
\v/' _ system streams and plural program chain information entries
15 are recorded, said plural system streams interleaving in
group_of_ pictures GOP unite data containing at least moving
pictures, and reproduction control information containing
special reproduction mode information declaring the address
of the next data to be reproduced according to the special
20 reproduction mode used, and said plural program chain
information entries declaring the system stream reproduction
sequence of a program chain comprising more than one system
stream, characterized by at least one system stfeam being

shared by plural program chains, and the address information



generation process. This is, therefore, also not practical. It
Is thus difficult to follow the desired scene data in, for

exanpl e, fast-forward nodes seeking one of nultiple scenes. : I t
is also difficult to follow the desired scene data in 20 reverse
node reproduction froma nulti-scene period to a ' common scene.
Therefore, the object of the present invention is to provide a
mul ti-medi a optical di sk whereby speci al reproducti on nodes can
be acconplished even using scene data 25 arrayed to multi-scene '
peri ods; a recording method and a -8- PCT/JP96/02798
-7 - PCT/ JP96/ 02798 reproducti on net hod for
recordi ng and reproduci ng said mul ti media optical disk; and a
recordi ng apparatus and a reproduction apparatus inplenmenting said
recordi ng net hod and reproducti on nethod, respectively. 5

The present application is based upon Japanese

5
10
e
15
20

of the first reproduction control information and the address
information of the last reproduction control information in
each system stream being recorded to the program chain
information according to the system stream reproduction

sequence.

Brief Descritpion of Drawings

Fig. 1 is a graph schematically showing a structure
of multi media bit stream according to the present invention,

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 the
multi media bit stream of Fig. 1,

Fig. 5 1is an enlarged view showing a portion
confined by a circle of Fig. 4,

Fig. 6 1is an enlarged view showing a portion
confined by a circle of Fig. 5, |

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,



Patent Application No. 7-276574, which was filed on Septenber 29,
1995, the entire contents of which are expressly | ncor porated by
ref erence herein. Di scl osure of Invention 10 The
present invention has been devel oped with a view to substantially
sol ving the above descri bed di sadvant ages and has for its essenti al
object to provide a multinedia optical di sk conprising at |east one
i nformation |ayer to which plural system streans and plural program
chain information entries 15 are recorded, said plural system streans
interleaving in group_of _pictures-8eP units data cont aiBGCTHIPH/02798st
novi ng pi ctures, and reproduction control information containing '
speci al reproduction node information declaring the address of the
next data to be reproduced according to the special 20 reproducti on
node wused, and said plural program chain I nformation entries
decl aring the system stream reproduction sequence of a program chain
conprising nore than one Bygtefh is a plahredew shawingeonhaedxamphé bEastrack
one system stream bei ng shared by plural program chains, and the
addr ess i nf or nrePah formed on the recording surface of the optical disk of
Fig. 4,
Fig. 10 is a plan view showing another example of
5 track path formed on the recording surface of the optical disk
of Fig. 4,
- Fig. 11 is a diagonal view schematically showing one
example of a track path pattern formed on the optical disk of
Fig. 7, | |
10 Fig. 12 is a plan view showing another example of
track path formed on the recording surface of 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
15 Fig. 8, |
Fig. 14 is a plan view showing another example of
.track path formed on the recording surface of the optical disk
of Fig. 8,
| Fig. 15 is a graph in assistance of explaining a
20 concept of parental control according to the present
invention,
Fig. 16 1is a graph schematically showing the

structure of multimedia bit stream for use in Digital Video

Disk system éccording to the present invention, -



- 8- PCT/ JP96/ 02798 of the first reproduction
control information and the address I nformati on of the |ast
reproduction control information in each system stream bei ng
recorded to the program chain i nformati on according to the system
stream reproduction 5 sequence. Brief Descritpion of Draw ngs
Fig. 1 is a graph schematically show ng a structure of nmulti nedia
bit stream according to the present invention, Fig. 2is a
bl ock di agram showi ng an aut horing 10 encoder according to the present
I nvention,: _ Fig. 3 is a-UHgeck di agram show ng RQT/ARE6/G27989
decoder according to the present invention, Fig. 4is a
side view of an optical disk storing the multi media bit stream of
Fig. 1, 15 Fig. 5 is.an enlarged view show ng a portion
confined by a circle of Fig. 4, Fig. 6 is an enlarged

vi ew showi ng a portion confined by a circle of Fig. 5,

Fig. 17 is a graph schematically showing the 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.

5 Fig. 19 is a graph schematically showing the stream

w
management information according to the present invention,

Fig. 20 is a graph schematically showing the
structure the navigation pack NV of Fig. 17,

Fig. 21 is a graph is assistance of explaining a

10 concept of parental lock playback control according to the
present invention,

Fig. 22 is a graph schematically showing the data
structure used in a digital video disk system according to the
present invention,

o 15 Fig. 23 is a graph in assistance.of explaining a
concept of Multi-angle scene control according to the present
invention,

Fig. 24 is a graph in assistance of explaining a
cohcept of multi scene data connection,

20 Fig. 25 is a block diagram showing a DVD encoder

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

according to the present invention,



Fig. 7is a si de view showi ng a variation of the 20 optical disk of

Fig. 4,

t he opti cal
PCT/ JP96/ 02798

Fig. 8 is a side view showi ng another variation of

disk of Fig. 4, -9 -

Fig. 9 is a plan view show ng one

exanpl e of track path fornmed on the recording surface of the optical

di sk of Fig. 4, Fig. 10 is a plan view show ng

anot her exanple of 5 track path forned on the recording surface of the

optical disk of Fig. 4, Fig. 11 is a diagonal view

schematically show ng one exarrpl e 1¢f- a track path patt @OT/SRO602798N -
the optical disk of Fig. 7, 10 Fig. 12 is a plan view

show ng anot her exanpl e of track path formed on the recording

surface of the optical disk

| 5
_

10

o 15

20

Fig. 27 is a graph schematically showing an encoding
information table generated by the encoding system 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. 30 is a graph schematically showing an example
of the contents of the program chain information according to
the present invention,

Fig. 31 is a graph schematically showing another
example of the contents of the program chain information
according to the present invention,

Fig. 32 is a graph showing the relative sector
information used to rapidly move according to the reproduction
speed to the sector of the VOBU containing the next GOP
accbrding to the present invention,

Fig. 33 is a graph in assistance of explaining a
concept of multi-angle scene control according to the present
in invention,

Fig. 34 is a flow chart, formed by Figs. 34A and
31B, showing an operation of the DVD encoder of Fig. 25,

Fig. 35 is a flow chart showing detailed of the

encode parameter production sub-routine of Fig. 34,



of Fig. 7, Fig. 13 is a diagonal vieM/schehaticaIIy

show ng one exanple of a track path pattern forned on the opti cal

di sk of 15 Fig. 8, Fig. 14 is a plan view show ng

anot her exanpl e of track path formed on the recording surface of the
optical disk of Fig. 8, _ Fig. 15 is a graph in

assi stance of explaining a 20 concept of parental <control according
to the present i nventi on, Fig. 16 is a graph
schematically show ng the structure of nultinedia bit streamfor use
in Digital Video - D sk system accori® ng to the present iPORMPIGHOR798
-10- PCT/ JP96/ 02798 Fig. 17 is a
graph schematically showi ng the encoded vi deo stream according to

the present invention,

Fig. 36 is a flow chart showing the detailed of the
VOB data setting routine of Fig. 35,
Fig. 37 is a flow chart showing the encode

parameters generating operation for a seamless switching,

5 | Fig. 38 1is a flow chart showing the encode
~ parameters generating operation for a system stream,
Fig. 39 is a flow chart showing the encode
parameters generating operation for a system stream containing
a single scene, .
10 Fig. 40 is a flow chart showing the operation of the
DVD encoder of Fig. 26,
'Fig. 41 is a flow chart showing details of the
multi-angle non-seamless switching control routine of Fig. 40,
Fig. 42 is a flow chart showing details of the
" 15 multi-angle seamless switching conﬁrol routine of Fig. 40,

Fig. 43 is a flow chart showing details of the
parental lock sub-routine of Fig. 40,

Fig. 44 is a flow chart showing details of the
single scene subroutine of Fig. 40,

20 ) Figs; 45 and 46 are graphs showing decoding
information table produced by the decoding system controller
of Fig. 26, |

Fig. 47 is a flow chart showing the operation of the

DVD decoder DCD of Fig. 26,



Fig. 18 is a graph schematically show ng an internal structure of a

video zone of Fig. 16. 5 Fig. 19 is a graph schematically

showi ng t he strean1 managenent information according to the present

i nventi on, " Fig. 20 is a graph schenatlcally show ng t he

structure the navigation pack NV of Fig. 17, Fig. 21 is a

graph is assistance of explaining a 10 concept of parental |ock

pl ayback control according to the present invention,

Fig. 22 is a graph schematically show ng the data structure used in

a digital video disk systemaccording te I3he present i rREHIPAG027985

Fig. 23 is a graph in assistance of explaining a concept of

Mul ti-angl e scene control according to the present i nvention

Fig. 24 is a graph in assistance of explaining a concept of nulti

scene data connection, 20 : Fig. 25 is a block diagram show ng

a DVD encoder according to the present invention,

Fig. 26 is a block dlagrawughowuag asDVR degeder chart shewdhdi ndetaillee of

pr esent |nvent|on
: reproductlon extracted PGC routing of Fig. 47,

Fig. 49 is a flow chart showing details of decoding

data pfocess of Fig. 48, performed by the stream buffer, is

5 shown,
~ Fig. 50 is a flow chart showing details of the
decoder synchronizatién process of Fig. 49,

Fig. 51 is a graph in assistance of explaining a

special reproduction modes such as fast forward and reverse
10 using an MPEG bitstream,

Fig. 52 is a flow chart showing an opération of the
decoding system controller of Fig. 26 under a special
reproduction mode such as fast forward or reverse play,

Figs. 53,.54, and 55 are graphs in assistaﬁce of

U, 15 explaining'an example of VOBU reproduction in each cell during

special-mode reproduction from plural program chains
comprising common scenes and scenes unique to specific
reproduction paths,

Fig. 56 is a flow chart showing an operation of the

20 . decoding system controller of Fig. 26,
Fig. 57_is a graph schematically showing an actual

arrangement of data blocks recorded to a data recording track

on a recording medium accbrding to the present invention,

Fig. 58 is a graph schematically showing contiguous

25 block regions and interleaved block regions array,



- 11 - PCT/ JP96/ 02798 Fig. 27 is a
graph schematically showi ng an encodi ng I nformati on tabl e generated
by the encodi ng systemcontroller of Fig. 25, Fi g.
28 is a graph schematically show ng an encoding 5 i nformati on tabl es,
Fig. 29 is a graph schematically show ng an encodi ng par aneters used
by the video encoder of Fig. 25, Fig. 30 is a graph
schematical ly showi ng an exanpl e of the contents of the program
chain informati on according to 10 t he present invention,

Fig. 31 is a graph schematically show ng ot her exanp|RCHIP96162798
contents of the program chain information according to the present

i nventi on, ' Fig. 32 is a graph showing the relative sector
15 i nformati on used to rapidly nove according to the reproduction

speed to the sector of the VOBU containing the next GOP according to
the present invention,

Fig. 59 is a graph schématically showing a content
of a VIS title VOBS according to the present invention, and
Fig. 60 is a graph schematically showing an internal

data structure of the interleaved block regions according to

5 the present invention.
Y
Best mode for Carrying Out the Invention
The prevent invention is detailedly described with
reference to f.he accompanying drawings.
Data structure of the authoring system
10 ‘fhe logic structure of the multimedia data bitstream
processed using the recording apparatus, recording medium,
reproduction apparatus, and authoring system according to the
present invention is described first below with reference to
N Fig. 1.

15 In this structure, one title refers to the
combination of video and audio data expressing program content
recognized by a user for education, entertainment, or other
purpose. Referenced to a motion picture (movie), one title
may correspond to.the content of an entire movie, or to just

20 one scene within said movie.

A video title set (VTS) comprises the bitstream data
containing the information for a specific number of titles.

More specifically, each VTS comprises the video, audio, and



Fig. 33 is a graph in assistance of explaining a. - concept of

t he encode
cont ai ni ng

5
N
10
o 15
20

mul ti-angle scene control according to the present 20 I n invention,
Fig. 3 is a flow chart, forned by Figs. 34A and 31B, showi ng an
operation of the DVD encoder of Fig. 25, Fig. 35 is a

fl ow chart showi ng detailed of the encode paraneter production
sub-routine of Fig. 34, , -12 -
PCT/ JP96/ 02798 Fig. 36 is a flow chart show ng the
detailed of the VOB data setting routine of Fig. 35,

Fig. 37 is a flow chart show ng the enceds - par anet elPCTYHrRE/627989
operation for a seanl ess swtching, 5 Fig. 38 is a
flow chart showing the encode par anmet ers generating operation
for a system stream Fig. 39 is a flow chart show ng

parameters generating operation for a system stream

other reproduction'data representing the content of each title
in the set, and control data for controlling the content data.
The video zone VZ is the video data unit processed
by the authoring system, and comprises a specific number of
video title sets. More specifically, 'each video zone is a
linear sequencé 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 VTS #0,
is used as the video manager describing the content
information of the titles contained 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 wvideo
zones VZ.
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 by
the user is shown in Fig. 2. Note that the original

multimedia bitstream MBS comprises a video stream Stl

containing the video information, a sub-picture stream St3

containing caption text and other auxiliary video information,

and the audio stream St5 containing the audio information.



a single scene, 10 Fig. 40 is a flow chart show ng the

operation of the DVD encoder of Fig. 26, Fig.
41 is a flow chart showi ng details of the mul ti-angl e

non- seam ess swi tching control routine of Fig. 40, Fi g.
42 is a flow chart showi ng details of the 15 mul ti-angl e seanl ess
switching control routine of Fig. 40, Fig. 43 is a flow
chart show ng details of the . parental |ock sub-routine of Fig.

40, Fig. 44 is aflowchart showi ng details_of the
single scene subroutine of Fi g. 40, -46 - Fi gs. PCIZIPU%/(R 7986
are graphs show ng decoding : I nformati on tabl e produced by the
decodi ng system control |l er of Fig. 26, Fig.
47 is a flow chart show ng the operation of the DVD decoder DCD
of Fig. 26, _ -13 -

PCT/ JP96/ 02798 :
' The video and audio streams are the bitstreams

containing the video and audio information obtained from the
source within a particular period of time. The sub-picture
stream is a bitstream containing momentary video information

5 relevant to a particular scene. The sub-picture data encoded
to- a single scene may be capturéd to video memory and
displayed continuously from the video memory for plural scenes
as may be necessary.

When this multimedia source data Stl, St3, and St5

10 is obtained from a live broadcast the video and audio s1gnals
are supplied in real-time from a video camera or other imaging
source; when the multimedia source data is reproduced from a
video tape or other recording medium,.the audio and video
gsignals are not real-time signals.

15 While the multimedia source stream is shown in Fig.
2 as comprising theée three source signals, this is for
convenience only, and it should be noted that the multimedia
gsource stream may contain more than three types of source
signals, and may contain source data for different titles.

20 Multimedia source data with audio, video, and sub-picture data
for plural titles are referred to below as multi-title
streams.

As shown in Fig. 2, the authoring encoder EC
comprises a scenario editor 100, encoding system controller

25 200, video encoder 300, video stream buffer 400, sub-picture



Fig. 48 is a flow chart show ng details of reproduction extracted

PGC routing of Fig. 47, Fig. 49 is a flow chart show ng
details of decoding data process of Fig. 48, performed by the stream
buffer, is. 5 shown, ' Fig. 50 is a flow chart show ng
details of the decoder synchroni zation process of Fig. 49,

Fig. 51 is a graph in assistance of explaining a speci al
reproducti on nodes such as fast forward and reverse 10 usi ng an MPEG

bi t stream Fig. 52 is a flow chart show ng an operation of
t he decodi ng system control l er of Wig. 26 under a speciP41/JP96/02798
reproducti on node such as fast forward or reverse play, '
Figs. 53, 54, and 55 are graphs in assistance of 15 expl ai ni ng an
exanpl e of VOBU reproduction in each cell during speci al - node
reproduction from plural program chains conpri sing comopn scenes
and scenes unique to specific r epr oducti on pat hs,

Fig. 56 is a flencelart5ehowulyphictops stireamobuffier &0, awlHoodnegdeys7em,
control ler of Fig. 26, Fig. 57 is a graph schematically
showi ng an actuahdio stream ghyéfem 990 darystlesxkenrederdeP?o ¥iglgon zone
recordi ng track on_a recordi ng nmedium accqording to the present

i nventi on, formatter 1300, recorder 1200, and recording medium M.

The video zone formatter 1300 comprises video object

5 (VOB) buffer 1000, formatter 1100, and volume and £file
structure formatter 1400. |

The bitstream encoded by the authoring encoder EC
of the present embodiment is recorded by way of example only
to an optical disk.

10 " The scenario editor 100 of the authoring encoder EC
outputs the scenario data, i.e., the user-defined editing
instructions. The scenario data controls editing the
corresponding parts of the multimedia bitstream MBS according
to the user’s manipulation of the vidéo, sub-picture, and

15 audio components of the original multimedia title. This
scenario editor 100 preferably comprises a display,
speaker(s), keyboard, CPU, and gource stream buffer. The
scenario editor 100 is connected to an external multimedia
bitstream source from which the multimedia source data Stl,

20 st3, and St5 areisupplied.

The user is thus able to reproduce the video and
audio components of the multimedia source data using the
display and speaker to confirm the content of the generated
tifle. The user is then able to edit the title content

25 according to the desired scenario using the keyboard, mouse,



Fig. 58 is a graph schematically show ng contiguous 25 bl ock regions
and interleaved bl ock regions array,

-14 - PCT/ JP96/ 02798 Fig. 59 is a
graph schematically show ng a content of a VIStitle VOBS accordi ng
to the present invention, and Fig. 60 is a graph
schematically show ng an internal data structure of the interleaved
bl ock regions according to 5 the present invention. Best node
for Carrying Qut the Invention The prevent inyention is
detailedly described with referentd8to the acconpanyingP§$£mPﬁﬁg79s
Data structure of the authoring system 10 - The logic structure
of the multinedia data bitstream . processed using the recording
apparatus, recording nedi um reproducti on apparatus, and authoring

system according to the

| 5
.v,

10

o 15

20

25

and other command input devices while confirming the content
of the title on the display and speakers. The result of this
multimedia data manipulation is the scenario aata 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 within
a defined time period, and how the selected source data is
reassembled td reproduce the scenario (sequence) intended by
the user. Based on the instructiong received through the
keyboard or other control device, the CPU codes the position,
length, and the relative time-based positions of the edited
parts of the respective multimedia source data streams Stl,
Stﬁ, 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 Stl, St3, and
St5 a known time Td and then output streams Stl, St3, and St5.

This delay is required for synchronization with the
editor enéoding process.  More specifically, when data
encoding and user generation of scenario data 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 below. As a result, the
multimedia source data must be delayéd by time Td4d to

synchronize the editing process during the actual encoding



present invention is described first belowwth reference to Fig. 1.

15 In this structure, one title refers to the

conmbi nati on of video and audi o data expressi ng program cont ent

recogni zed by a user for education, entertainment, or other pur pose.
Ref erenced to a notion picture (novie), one title may correspond to
the content of an entire novie, or to just 20 one scene within said
novi e. A video title set (VIS) conprises the bitstream
dat a containing the information for a specific nunber of titles.
More specifically, each VTS conprises thel%rdeo, audio, and PCT/JP96/02798
-15 - PCT/ JP96/ 02798 ot her reproduction data
representing the content of each title : in the set, and control data
for controlling the content data. - The video zone VZ is the
vi deo data unit processed by the authoring system and conprises a

speci fi c nunber of

5
s
10
15
20
25

operation. Because this delay time Td is limited to the time
required to synchronize the operation of the various system
components in the case of 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
déta is encoded at once ("batch encoded") after 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 structure (type) of media used for the source
stream buffer may therefore be determined accordiﬁg to the
delay time Td required and the allowable manufacturing cost.
The encoding system controller 200 is connected to
the scenario editor 100 and receives the scenario data St7
thereffom. 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 encoding
parameter signals St9, Stll, and St13 for encoding the edit
segment of the multimedia source data. The encoding signals
St9, Stll, and Stl3 supply the parameters used for video,
sub-picture, and audio encoding, including the encoding stért

and end timing. Note that multimedia source data Stl, St3,



5. video title sets. Mre specifically, each video zone is a

| i near sequence of K+ 1 video title sets nunbered VTS #0 - VTS #K
where K is an integer value of zero or greater. One video title set,
preferably the first video title set VTS #0, is used as the video
manager describing the content 10 I nformation of the titles contained
in each video title set. The multimedia bitstream MBS i s
the | argest control unit of the nultinmedia data bitstream handl ed by
t he aut horing system of the present invention, and conprises plural
vi deo zones VZ. 15 Aut hor i ng -e¥teder EC PCT/JIP96402798
preferred enbodi nent of the authoring encoder EC according to the
present -invention for generating a new mul timedia bitstream MBS

by re-encoding the original mul ti medi a bitstream MBS according to
t he scenario desired by 20 the user is shown in Fig. 2. Not e t hat
the original mul timedi a bitstream MBS - conpri ses a video stream St
cont ai ni ng t he andeStBnaoematutput safhdr pielay et bhe €bdn By 3the source stream
containing caption text and other auxil.iary video information, and

t he audi o streabnsfsrgopandi aragthhrefodeosyntbronized. to encoding parameter

signals St9, Stll, and St13.
More specifically, encoding parameter signal St9 is
5 the video encoding signal specifying the 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 Stll is likewise the sub-picture
stream encoding signal used to generate the sub-picture

10 encoding unit by spécifying the encoding timing for
sub-picture stream St3. Encoding parameter signal St13 is the
audio encoding signal used to generate the audio encoding unit
by specifying the encoding timing for audio stream St5.

Based on the time-base relationship between the
w135 encoding segments of streams Stl, St3, and St5 in the
‘multimedia source data contained in scenario data St7, the
encoding system controller 200 generates the timing signals
S£21, St23, and St25 arranging the encoded multimedia-encoded
stream in the specified time-base relationship.

20 The encoding system controller 200 also generates
the reproduction time information IT defining the reproduction
time of the title editing unit (video object, VOB) , and the
stream encoding data St33 defining the system encode
parameters'for multiplexing the encoded multimedia stream

25 containing video, audioc, and sub-picture data. Note that the



-16 - : PCT/ JP96/ 02798 The vi deo and
audi 0 streans are the bitstreans containing the video and audi o
i nformati on obtained fromthe source within a particul ar period of
time. The sub-picture streamis a bitstream containing nonentary
video information 5 rel evant to a particular scene. The sub-picture
dat a encoded to a single scene may be captured to video nenory and
di spl ayed continuously fromthe video nenory for plural scenes as
may be necessary. When this nultinedia source data St1l
St3, and St5 10 i s obtained froma IFidle- broadcast, the vi PEI/IRA6/QRYI80
signal s are supplied in real-tine froma video canera or other
I magi ng '~ source; when the nultinedia source data is reproduced froma
vi deo tape or other recording nedium the audio and vi deo signal s
are not real-tinme signals. 15 VWil e the nultinedia source
streamis shown in Fig. 2 as conprising these three source signals,
this is for reproduethpancimeninfomnt iidn IfMoahd dterewi ethdddhing Hata St33
mul ti medi a source streamnmay contain nore than three types of source
are generated for the video object VOB of each title in one
video zone VZ.
The encoding system controller 200 also generates
5 the title sequence control signal St39, which declares the
formatting parameters for formatting the title editing units
VOB of each of the streams in a particular time-base
relétionship as a multimedia bitstream. More specifically,
the title sequence control signal St39 is used to control the
10 connections between the title editing units (VOB) of each
title in the multimedia bitstream MBS, or to control the
sequence of the interleaved title editing unit (VOBs)
interleaving the title editing units VOB of plural
reproduction paths.

o 15 The video encoder 300 is connected to the source
stream buffer of'the scenario editor 100 and to the encoding
system controller 200, and receives therefrom the video stream
Stl and video encoding parameter signal St9, respectively.
Encoding parameters supplied by the video encoding signal St9

20 include the encoding start and end timing, bit rate, the
encoding conditions for the encoding start and end, and the
material type. Possible material types include NTSC or PAL

video signal, and telecine converted material. Based on the

video encoding parameter signal St9, the video encoder 300



signals, and may contain source data for different titles. 20

Mul timedi a source data with-audi o, video, and sub-picture data ' for
plural titles are referred to below as multi-title streans.

As shown in Fig. 2, the authoring encoder EC conprises a scenario
editor 100, encoding systemcontroller 25 200, video encoder 300, video
stream buffer 400, sub-picture

-17 - : PCT/ JP96/ 02798 encoder 500, sub-picture
stream-buffer 600, audi o encoder 700, audi o stream buffer 800,

syst em encoder 900, video zone ferd@atter 1300, recor dePCI/IRD6/G2AVI8
recordi ng nedium M The video zone formatter 1300
conprises video object 5 (voB) buffer 1000, formatter 1100, and
volume and file structure formatter 1400. The

bi t stream encoded by the aut horing encoder EC of the present

enbodi nent

- 10

15

20

25

I s recorded by way of exanple only

encodes a specific part of the video stream Stl to generate
the encoded video stream St15.

The sub-picture encoder 500 is similarly connected
to the source stream 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. Based on thelsub-picture encoding
pafameter signal St1l, the sub-picture encoder 500 encodes a
specific part of the sub-picture stream St3 to generate the
encoaed sub-picture stream St17.

The audio encoder 700 is also connected to the
source stream buffer of the scenario editor 100 and to the
encoding system controller 200, and receives therefrom the
audio stream St5 and audio encoding parameter signal Stl13,
which supplies the encoding start and end timing. Based on
the audio éncoding parameter signal St13, the audio encoder
700 encodes a épecific part of the audio stream St5 to
generate the encodéd 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 stream
St15 input from ﬁhe video encoder 300, and outputs the stored
encoded video stream Stl5 as the time-delayed encoded video
stream St27 based on the timing signal St21 supplied from the

encoding system controller 200.



to an opti cal

di sk. 10 The scenario editor 100 of the

aut hori ng encoder EC outputs the scenario data, i.e., the
user-defined editing i nstructions. The scenario data controls

editing the
accordi ng

correspondi ng parts of the nultinedia bitstream MBS
to the user's manipulation of the video, sub-picture, and

15 audi o conponents ‘of the original nultinedia title. Thi s

scenario editor 100 preferably conprises a display, speaker
(s), keyboard, CPU,. and source stream buffer. The scenari o editor
100 i-s connected to an external. nultinedi a3 - bi t st r eam soBEEGPPHIORYI8
whi ch the multi nedia source data Stl, 20 St3, and St5 are supplied.

The user is thus able to reproduce the video and audi o conponents of
the nultinmedia source data using the di spl ay and speaker to confirm
the content of the generated. title. The user is then.able to edit
the title content 25 according to the desired scenario using the
keyboard, nouse, The sub-picture stream buffer 60018is similarly

PCT/ JP96/ 02798

"
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connected to the sub-picture encoder 500 and to the encoding
system controller 200. The sub-picture stream buffei 600
stores the encoded sub-picture stream St17 output from the
sub-picture encoder 500, and then outputs the stored encoded
sub-picture stream Stl1l7 as time-delayed encoded sub-picture
stream St29 based on the timing signal St23 supplied from the
encoding system controller 200.

| The audio stream buffer 800 is similarly connected
to the audio encoder 700 and to the encoding system controller
200. The audio stream buffer 800 stores the encoded audio
stream St19 input from the audio encoder 700, and then outputs
the encoded audio stream Stl9 as the time-delayed encoded
audio stream St31 based on the timing signal St25 supplied
from the encéding system controller 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
reépectively supplied thereby with the time-delayed encoded
video stream St27, time-delayed encoded sub-picture stream
St29, time-delayed encoded audio stream St31, and the stream
encoding data St33. Note that the system encoder 900 is a
multiplexer that multiplexes the time-delayed streams St27,
St29, and St31 based on the stream encoding data St33 (timing

signal) to generate title editing unit (VOB) St35. The stream



and ot her command i nput devices while confirmng the content of the
title on the display and speakers. The result of this mul timedi a
data nmani pul ation is the scenario data St7. The scenario
data St7 is basically a set of 5 i nstructions describing what source
data is selected fromall or a subset of the source data containing
plural titles within a defined tine period, and how t he sel ected

source data is
i nt ended by

reassenbl ed to reproduce the scenario (sequence)
the user. Based on the instructions received through

the 10 keyboard or other control dewiZ®¥, the CPU codes theP@EIYIP26/02798

| ength, and the relative tine-based positions of the edited parts of
the respective nultinmedia source data streans St1, St3, and St5 to
generate the scenario data St7. The source stream buffer has a
specific capacity, and is 15 used to delay the nultinedia source data
streans Stl, St3, and St5 a known tinme Td and then out put streans
Stl, St3, and SkBcoding data St33 coliSinle| @We | Sys€aHi é88o80hg parameters,
synchroni zation with the editor encoding process. Mor e

specifically,

wheluddng the encoddod BEadtd stk lenge tdidingan of scenario
data St7 are executed 20 simul taneously, i.e.

,  When encoding

i medi ately follows Theediitdety , zarnieref Sichna tst e (LB 0 @ dis ocdehectiede tohé&he

content of the

scenari o
; 5
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mul ti medi a source data editing process based on the
system encoder 900 and the encoding system controller 200 from

which the title editing unit (VOB) St35 and title sequence
control signal St39 (timing signal) are respectively supplied.
The title sequence control signal St39 contains the formatting
start and end timing, and the formatting parameters used to
generate (format) 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 edited multimedia stream data St43.

The multimedia bitstream MBS St43 edited according
to the user-defined scenario is then sent to the recorder
1200. The recorder 1200 proéesses the edited 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. 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 recoraing medium generated by the video
zone formatter 1300.

Note that the encoded multimedia bitstream MBS St35

may be output directly to the-decoder to immediately reproduce



data St7 as will be described further below. As a result, the

mul timedi a source data nust be delayed by tine Td to 25 synchroni ze t he
editing process during the actual encoding

-19 - . PCT/ JP96/ 02798 operation. Because this
delay tine Td is limted to the tine required to synchronize the
operation of the various system conponents in the case of sequenti al
editing as described above, the source stream buffer is nornmally
achi eved by neans 5 of a high speed storage nmedi um such as

sem conduct or nenory. Dups ng batch editing i npgiryipbemblog -
mul timedi a source data is encoded at once ("batch encoded") after
scenari o data St7 is generated for the conplete title, delay tine Td
nmust be | ong enough to process the conplete title or longer. In 10

this case, the source streambuffer may be a | ow speed, high
capacity storage nedi um such as video tape, nmagnetic disk, or

optical disk. the edited title content. It will be obvious that the output
multimedia bitstream MBS will not in this case contain the
volume file structure VFS.
Authoring decoder DC
5 A preferred embodiment of the authoring decoder DC
used to decode the multimedia bitstream MBS edited by the
authoring encoder EC of the present invention, and thereby
reproduce the content of each title unit according to the
user-defined scenario, is described next below with reference
10 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 medium M.
As shown in Fig. 3, the authoring decoder DC
comprises a multimedia bitstream producer 2000,  scenario
N 15 selector 2100, decoding system controller 2300, stream buffer
2400, system decoder 2500, video buffer 2600, ‘sub-picture
buffer 2700, audio buffer 2800, synchronizer 2900, wvideo
decoder 3800, sub-picture decoder 3100, audio decoder 3200,
synthesizer 3500, video data output terminal 3600, and audio
20 data eutput terminal 3700.
The bitstream producer 2000 comprises a recording
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;

25 a signal processor 2008 for variously processing the read



The structure (type) of nedia used for the source stream buffer may

therefore be determ ned according to the 15 delay tine Td required and

t he al | owabl e manufacturing cost. The encodi ng system ,
controller 200 is-connected to the scenario editaor 100 and receives

t he scenario data St7 t herefrom Based on the time-base position
and length i nformation of the edit segnent contained in the

scenario data 20 St7, the encoding systemcontroller 200 generates the
encodi ng paraneter signals St9, Stll, and StI3 for encoding the edit -

segnent of the nultimedia source data. T encoding signals PCT/JP$6/02798

Stil, and Stl 3 supply the paranmeters used for video, sub- pi cture,
and audi o encodi ng, including the encoding start 25 and end tim ng.
Note that multinmedia source data St1, St3, .
-20 - ' PCT/ JP96/ 02798 and St5 are output after
delay tine Td by the source stream buffer, and are therefore

synchroni zed tog¢gpadi BEsPakdBeBlerate the reproduced bitstream St6l; and a

U
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reproduction controllexr 2002.

| The reproduction controller 2002 is connected to the
decoding system controller 2300 from which the multimedia
bitstream reproduction control signal St53.is supplied, and
in turn generates the reproduction control signals St55 and
St59 fespectively controlling the 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 edited by the 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 selected titles as scenario data to the
authoring decoder DC.

The scenario selector 2100 preferably 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 generates the scenario selection data

St51 specifying the selected scenario. The scenario selector

2100 is connected by an infrared communications device, for

example, to the decoding system controller 2300, to which it

inputs the scenario selection data St51.



signals St9, Stil, and Stl 3. ‘More specifically, encoding
paraneter signal St9 is 5 t he video encodi ng signal specifying the
encodi ng tim ng of video stream Stl to extract the encodi ng segnent
fromthe video stream Stl and generate the video encoding unit.
Encodi ng paraneter signal Stll is |ikew se the sub-picture stream
encodi ng signal used to generate the sub-picture 10 encoding unit by
specifying the encoding timng for sub- pi cture stream St 3.
Encodi ng paraneter signal Stl3 is the audi o encodi ng signal used to

generate the audi o encodi ng unit A7 speci fyi ng the encqerTyIpdé/in7v3
for audio stream St5. Based on the tine-base relationship

between the 15 =~ encoding segnments of streanms Stl, St3, and St5 in
t he mul ti medi a source data contained in scenario data St7, the
encodi ng system control |l er 200 generates the timng signals St 21

St 23, and St25 arrangi ng the encoded nul tinmedi a- encoded streamin

the specified tine-base rgaklonshi Rhe 29cenario selecthidh ?&%EQi LSy St ele
controller 200 al so generates the reproduction tine information IT

defining the regeeddihgoBystem coht#®12krt B80obi theénegdbhbPgtEBi theVbie8tream
obj ect, VOB), and the stream encodi ng data St 33 defining the system

encode pzepretacs ibor contiropl exgngl tdws e reafadllihg whd apetaeddn 3F
contai ni ng video, audio, and sub-picture data. Note that the
the bitstream producer 2000.
5 The stream buffer 2400 has a specific buffer
capacity used to temporarily store the reproduced bitstream
Stél input from the bitstream producer 2000, extract the
address information and initial synchronization data SCR
(system clock reference) for each stream, and generate
10 bitstream control data St63. The stream bﬁffer 2400 is aiso
connected to the decoding system controller 2300, to_which_it
supplies the generated bitstream control data Sté3.
The synchronizer 2900 is connected to the decoding
system controller 2300 from which it receives the system clock
w15 reference 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 system
controller 2300 also generates the stream read signal St65 at
20l a sbecific interval and outputs the read signal Sté65 to the
stream buffer 2400.
Based on the supplied read signal .St65, the stream
buffer 2400 outputs the reproduced bitstream Stél at a
specific interval to the system decoder 2500 as bitstream

25 Ste7.
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PCT/ JP96/ 02798 reproduction time

I nformation IT and stream encodi ng data St 33 are generated for

t he video object VOB of each title in one vi deo zone VZ.

The encodi ng systemcontroller 200 al so generates 5 the title
sequence control signal St39, which declares the formatting
paraneters for formatting the title editing -units VOB of each of
the streanms in a particular tine-base relationship as a
mul ti media bitstream Mre specifically, _ the title sequence

contr ol

si gnal

St39 is used to control tipg.- 10 connect i PGTHRISIOZTOS

the title editing units (VOB) of each title in the multinedia
bitstream MBS, or to control the sequence of the interl eaved

title editing unit (VOBS) interleaving the title editing units
VOB of plural

encoder

reproduction paths. 15 The vi deo

300 is connected to the source

10

15

- 20

25

Based on ;he scenario selection data St51, the
decoding systém controllex 2300 generates the decoding signal
St69 defining the stream Ids for the video, sub-picture, and
audio bitstreams correspohding to the selected scenario, and
outputs to the system decoder 2500.

Based on the instructions contained in the decoding
signal St69, the system decoder 2500 respectively 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
St75.

The system decoder 2500 detects the presentation

time stamp PTS and decoding time 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
system controller 2300 as the synchronization control data
St81l.

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 correct
sequence after decoding, and then generates and inputs the
video stream decoding start signal St89 to the video decoder

3800 based on this decoding timing. The synchronizer 2900



stream buffer of the scenario editor 100 and to the encodi ng
systemcontroll er 200, and receives therefromthe video stream

Stl and video encodi ng paraneter signal St9, respectively.

Encodi ng paraneters supplied by the video encodi'ng signal St9 - 20

I nclude the encoding start and end timng, bit rate, the encodi ng
conditions for the encoding start and end, and the mat eri al type.
Possi bl e material types include NTSC or PAL vi deo signal, and

tel ecine converted material. Based on the vi deo encodi ng
paranmeter signal St9, the video encoder 399. PCT/IP96/02798
-22 - ' PCT/ JP96/ 02798 encodes a specific part
of the video stream Stl to generate t he encoded vi deo stream

St 15. The sub-picture encoder 500 is simlarly

connect ed to the source stream buffer of the scenario editor 100
and to 5 the encoding systemcontroller 200, and receives therefrom

the - SUlEd GeHersidSLaghd! 3uppd 8D YL I UIS- SICON-89aBBbATREC start
signal St91 and audio stream decoding start signal St93 to the
sub-picture decoder 3100 and audio decoder 3200, respectively.

The video decoder 3800 generates the video output

5 request signal St84 based on the video stream decoding start
signal St89, and outputs to the video buffer 2600. In
response 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

10 time  information contained in the video stream St83, and
disables the video output request signal 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

— 15 video decoder 3800, which outputs the reproduced video signal
St104 to the synthesizer 3500.

The sub-picture decoder 3100 similarly generates the
sub-picture output request signal St86 based on the
sub-picturé decoding start signal St91, and outputs to the

20 sub-picture buffer 2700. " In response to the sub-picture
output request signai St86, the sub~picture buffer 2700
outputs the sub-picture stream St85 to the sub-picture decoder
3100. Based on the preserntation time information. contained
in the sub-picture stream St85, the sub-picture decoder 3100

25 decodes a length of the sub-picture stream St85 corresponding



signal Stl1ll, respectively. Based on the sub-picture encodi ng

paraneter signal Stll, the sub-picture encoder 500 encodes a

specific part of the sub-picture stream St3 to generate the 10

encoded sub-picture stream Stl 7. - The audi o encoder 700
I's al so connected to the source stream buffer of the scenario
editor 100 and to the encodi ng systemcontroller 200, and
receives therefromthe audi o stream St5 and audi o encodi ng
paranmeter signal St13, 15 whi ch supplies the encoding start and end

timng. Based on t he audi o emgadi ng paramnet er si grrdT/R96202798e |
audi o encoder 700 encodes a specific part of the audio stream

St5 to generate the encoded audio stream Stl 9.

The video stream buffer 400 is connected to the 20 vi deo encoder 300
and to the encoding systemcontroller 200. The video stream
buffer 400 stores the encoded vi deo stream St15 input fromthe

vi deo encoder 398iteﬁé’dsﬁéﬁff'1§dt Sd¥&ion time to repeddREe’ B0 stbbIF o

StI5 as the tine-delayed encoded video stream St 27 based on the
timng signal SRE syRphe8dzEroREbBEthe sdb-piceleedergnalssemocontrol | er

o0 The synthesizer 3500 superimposes the video signal

St104 and sub-picture signal St99 to generate and output the

5 multi-picture video signal St105 to the vidéo data output
terminal 3600.

The audio decoder 3200 generates and supplies to the
audid buffer 2800 the audio output request signal St88 based
on the audio -stream decoding start signal St93. The audio

10 buffer 2800 thus outputs the audio stream St87 to the audio
decoder 3200. The audio decoder 3200 decodes a length of the
audio stream St87 corresponding to the specified presentation
time based on the presentation time information contained in
the audio stream St87, and outputs the decoded audio stream

w 15 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
user-defined scenario. More specifically, each time the user
selects a different scenario, the authoring decoder DC is able

20 to reproduce the title content desired by the user in the
desired sequence by reproducing the multimedia bitstream MBS
corresponding to the selected scenario.

It is therefore possible by means of the authoring
system of the present invention to generate a multimedia

25 bitstream according to plural user-defined scenarios by



-23 - PCT/ JP96/ 02798 The

sub-picture streambuffer 600 is simlarly connected to the
sub- pi cture encoder 500 and to the encoding system control |l er
200. The sub-picture stream buffer 600 stores the encoded
sub-picture stream Stl7 output fromthe 5 sub- pi cture encoder 500,
and then outputs the stored encoded . Sub-picture stream St17 as
ti me-del ayed encoded sub-picture stream St 29 based on the tinmng
signal St23 supplied fromthe encodi ng system controller 200.
The audi o stream buffer 800 is simlarly zonnected 10 tRCT/IP964021198
encoder 700 and to the encodi ng system controller 200. The
audi o stream buffer 800 stores the encoded audio stream St 9

i nput fromthe audi o encoder 700, and then outputs t he encoded
audi o stream St19 as the tine-del ayed encoded audi o stream St 3
based on the timng signal St25 supplied 15 fromthe encodi ng system

control l er 200. d 9200 45t &£ ecChadnke
t he vi deo real- t%??é%ﬁ] }1eﬁﬁﬁyﬁgﬁgé%?gpﬁpggs?égan1buffer 600 "

audi o stream yhereby tl@é‘fétﬁisi_&%m@'& the SnaPIésE iy @enitsol( beénéaﬁ’,,

and is respectively supplied thereby with the tine-del ayed
encoded 20 whivhdeansbecaliGided inttee-plbhoyedsebsoresnsbegpreaséng the
stream

basic title content are arranged in a specific time-base
5 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 select a

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

ﬁ_/ 15 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

20 Japanese Patent Application filed September 27, 1996, and

entitled and assigned to the same assignee as the present
application.

DVD



St 29, tinme-del ayed encoded audio stream St3l, and the stream
encodi ng data St33. Note that the system encoder 900 is a
mul ti pl exer that multiplexes the tine-delayed streans St27,

St29, and St3l based on the stream encoding data St33 (timng 25
signal) to generate title editing unit (VOB) St35. The stream

-24 - PCT/ JP96/ 02798 encodi ng data St 33
contai ns the system encodi ng paraneters, i ncl udi ng the encodi ng
start and end timng. The video zone formatter 1300 is
connected to the syst em encodeyy, 900 and the encod

controller 200 from 5  which the ?*%Ie editing unit (V@ggﬁgg%g@%ﬁﬁ
title sequence control signal St39 (timng signal) are
respectively suppli ed. The title sequence control signal St39
contains the formatting start and end timng, and the formatting
paraneters used to generate (format) a nultinmedia bitstream MBS.

The video zone 10 LorgnLhgie1390a" 8255809°5: 4608 hiLke (B9DY! HEcHbhTy
(voB) St 35

one. recording surface (a single-sided DVD) is shown in Fig.

4.
The DVD recording medium RC1 in the preferred
5 embodiment of the invention comprises a data recording surface
RS1 to and from which data is written ana read by emitting
laser beam LS, and a protective layer PL1 covering the data
recording surface RS1. A backing layer BL1l is also provided
on the back of data'recording surface RS1. The side of the
10 disk on which protective layer PL1 is provided is.therefore
- referred to below as side.SA (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
— 15 RS1 on only one side such as this DVD recording medium RC1l is

commonly called a 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

20 coating as a data layer 4109 on a first trangparent layer 4108
having a particular thickness T1. This first transparent
layer 4108 also functions as the protective layer PLl. A
second transparent substrate 4111 of a thickness T2 functions

as the  backing layer BL1l, and is bonded to the first



In one video zone VZ in the scenari o sequence defined by the

user based on the title sequence control signal St39 to generate
the edited multimedia stream data St 43. The nul timedi a.
bitstream MBS St43 edited according 15 to the user-defined scenario is
then sent to the recorder 1200. The recorder 1200 processes the
edited nmul tinedi a streamdata St43 to the data stream St45
format of the recording mediumM and thus records the fornmatted
data stream ' ~St45 to the recording nediumM Note that the

mul ti nmedi a 20 bi t stream MBS recor, to the recording

contains the volune file strugﬁﬁre VFS, whi ch includes tr§@2798
physi cal address of the data on the recordi ng nedi um gener at ed
by the video zone formatter 1300. Not e t hat
t he encoded nul ti nedia bitstream MBS St 35 25 may be output directly

to the decoder to imedi ately reproduce
-25 - tranSPQQZEQP%gﬁéP@%EOS by means of 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
S necessary. The printing layer 4112 does not usually cover the
entire surface area of the second transparent substrate 4111
(backing 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
10 is not formed may be left exposed. Light reflected from the
data layer 4109 (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 loocks like a
/15 - silver-white over which the prihted text and graphics float
when the metallic 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
20 neéessary to provide the printing layer 4112 over the entire
surface of the backing layer BL1.
A detailed illustration of area C2 in Fig. 5 is
shown in Fig. 6. Pits and lands are molded to the common
contact surface between the first transparent layer 4108 and

25 the data layer 4109 on side SA from which data is read by



the edited title content. It wll be obvious that the out put

mul tinmedia bitstream MBS will not in this case contain the vol unme
file structure VFS. Aut hori ng decoder DC 5 A preferred
enbodi nent of the authoring decoder DC used to decode the nultinedia
bitstream MBS edited by the aut horing encoder EC of the present

I nvention, and thereby reproduce the content of each title unit
according to the user-defined scenario, is described next below with
reference 10 to Fig. 3. Note that in the preferred enbodi nent :
descri bed bel ow the nul tinedi a bi-tggtsr eam St 45 encoded pC1/N®6/02798
aut horing encoder EC is recorded to the recordi ng nmedium M

As shown in Fig. 3, the authoring decoder DC conprises a nultinedia
bit stream producer 2000, scenario 15 sel ector 2100, decodi ng system
controller 2300, stream buffer 2400, system decoder 2500, video

buf fer 2600, sub-picture buf fer 2700, audi o buffer 2800, -
synchroni zer 2991 c¥idg% laser BEARIN, 3800 astibinl £LUBEAACBYCYaE} Mg the

audi o decoder 3200, synt hesi zer 3500, video data oufput ter

3600, and audi 0O1erfths &t atBBt PHtd ML asd80 - (i.e., the lengthTRE the
bi t st ream producer 2000 conprises a recording media drive unit 2004

for driving theinespvdlagbsedesm dheapits). Meadi sigedebilc2009, f ther padi agd
the information recorded to the :
land configuration formed on the first transparent layer 4108

5 is transferred to the data layer 4109. The lengths of the
pits and lands is 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.

10 Side SA of the first transparent layer 4108 on 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
transparent'layer 4108 with both sides flat. ThicknesseslTl

W 15 and T2 are preferably equal and commonly approximately 0.6 mm,
but the invention shall 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 the light spot. Because the objective lens

20 aperture NA can be large and the wavelength 1 of the light
beam small in a digital video disk system, the diameter of the
light spot Ls used can be reduced to approximately 1/1.6 the
light spot needed to read a CD. Note that this means the

resolution of the laser beam LS in the DVD system is



recordi ng medi um M and producing the binary read signal St57; 25 a
signal processor 2008 for variously processing the read

-26 - PCT/ JP96/ 02798 signal St57 to generate
the reproduced bitstream St6l; and a reproduction controller

2002. The reproduction controller 2002 is connected to
t he decoding systemcontroller 2300 fromwhich the nultinedia

5 bit stream reproduction control signal St53 is supplied, and

in turn generates the reproduction control signals St55 and St 59

respectively controlling the recording ney§a drive unit PCT/IP46/0178)
2004 and signal processor 2008. - So that the

user-defined video, sub-picture, and 10 audi o portions of the
multimedia title edited by the authoring encoder EC are
reproduced, the authoring decoder DC conpri ses a scenario

sel ector 2100 for selecting and reproduci ng the correspondi ng

scenes (titles)appFBRinaeasyi @ . 8ehk8ale? t20Qesolution of a conventional CD
system,
The optical' system used to read data from the
digital video disk uses a short 650 nm wavelength red
5 semiconductor laser and an obj ectiﬁe lens with a 0.6 mm
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
10 (video) images having an extremely large per unit data size
to a digital video disk system disk without losing image
quality because the stofage cépacity' of a single-sided,
single-layer recording medium RC1 with one data recording
surface RS1 as thus described is nearly ten times the storage
{,/ 15 capécity of a.conventional CD. As a result, while the wvideo
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.
20 The digital video disk is therefore well-suited as
a recording medium for video images. |
A digital video disk recording medium with plural
recoxrding surfaces RS as described above is shown in Figs. 7
and 8. The DVD recording medium RC2 shown in Fig. 7 comprises

25 two recording surfaces, i.e., first recording surface RS1 and



t hen outputs the selected titles as scenario data to the 15 aut hori ng

decoder DC
conprises a

The scenari o selector 2100 preferably
keyboard, CPU, and nonitor. Using the keyboard, the

user then i nputs the desired scenario based on the content of
t he scenari o i nput by the authoring encoder EC. Based on the
20  keyboard input, the CPU generates the scenario selection data

St51 specifying the selected scenario. The scenario sel ector

2100 is connected by an infrared comuni cati ons device, for

exanmpl e, to the decodi ng system control lejg 2300, to which it PpPCT/IP96/02798
I nputs the scenario selection data St5I

-27 -

PCT/ JP96/ 02798 Based on the

scenario selection data St5l, the decodi ng system control |l er 2300
t hen generates the bitstream reproduction control signal St53
controlling the operation of t he bitstream producer 2000.

10

20

25

semi-transparent second recording 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 and LS2 for the first
recording surface RS1 and the second recording surface RS2.
It is also possible to read/write both recording surfaces RS1
and RS2 ﬁsing only one of the laser beams LS1 or LS2. Note
that recording media thus comprised are called "single-side,
dual-layer disks." '

It should also be noted that while two recording
surfaces RS1 and RS2 are provided in this example, it.is also
possible to produce digital video disk recording media having
more than two recording surfaces RS. Disks thus comprised are
known as "single-sided, multi-layer digks."

Though comprising two recording surfaces similarly
to the recording media shown in Fig. 7, the DVD recording
medium RC3 shown in Fig. 8 has the récording 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 obvious that while
only two recording surfaces are shown on one digital video
disk in this example, more than two recording surfaces may
also be formed on a double-sided digital video disk. As with
tﬁe recording medium shown in Fig. 7, it is also possible to

provide two separate laser beams LS1 and LS2 for recording



5 The stream buffer 2400. has a specific buffer

capacity used to tenporarily store the reproduced bitstream St6

i nput fromthe bitstream producer 2000, extract the addr ess
information and initial synchronization data SCR (system cl ock
reference) for each stream and generate 10 bi tstream control data
St63. The stream buffer 2400 is al so connected to the decodi ng
system control |l er 2300, to which it supplies the generated bitstream
control data St63. The synchroni zer 2900 is connected to

t he decodi ng system control | er 23097 trom which it receipes/pPhe02798
system clock 15 reference SCR contained in the synchroni zation contro
dat a St8l to set the internal system clock STC and supply the reset
systemclock St79 to the decoding systemcontroller 2300.

Based on this systemclock St79, the decoding system controller 2300
al so generates the streamread signal St65 at 20 a specific interva

R L e SRTCUORGN SRS, Lo reag/L OB il pursaces
outputs the repreducal m3§td§ﬁi’g$ﬁé1ﬁélé‘ laser beRACI f Netentahtaltnia thipe
system decoder 2500 as bitstream 25
of digital video ‘disk is called a "double-sided, dual-layer
disk." It will also be obvious that a double-sided digital
5 video disk can be comprised with two or. more recording
surfaces per side. This type of disk is called a
"dou51e~sided, multi-layer disk."
A plan view from the iaser beam LS irradiation siae
of the recording surface RS of the DVD recording mediumlRC is
10 shown in Fig. 9 and Fig. 10. Note that é.continuous spiral
data recording track TR 1is provided from the inside
circumference to the outéide circumference of the DVD. The
déta recording track TR is divided into plural sectors each
having the same known storage capacity. Note that f£for
~— 15 simplicity only the data recording track TR is shown in FigL-
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 DrA)
from the inside end point IA at the inside circumference of

20 disk RCAl to the outside end point 6A 'at the outside
circumference of the disk with the disk RCA rotating
counterclockwise RAA. This type of disk RCA is called a
clockwise disk, and the recording track formed thereon is

called a clockwise track TRA.



-28 - PCT/ JP96/ 02798 Based on the
scenari o selection data St5l, the decodi ng system control |l er 2300
generates the decodi ng signal St69 defining the streamlds for the
vi deo, sub-picture, and audi o bitstreans corresponding to the

sel ected scenario, and 5 outputs to the system decoder 2500.

Based on the instructions contained in the decodi ng signal St69, the
syst em decoder 2500 respectively outputs the vi deo, sub-picture, and
audi o bitstreans input fromthe stream buffer 2400 to the video

buf fer 2600, sub-picture buffer 2700, 138- and audi o buffer PEAUIPH2798
encoded vi deo stream St 71, encoded sub-picture stream St73, and
encoded audi o stream - St 75. The system decoder 2500
detects the .presentation time stanp PTS and decoding tine stanp DTS
of the smallest 15 control unit in each bitstream St67 to generate the
tinme I nformation signal St77. This tinme information signal St77

is supplied to the synchrgg%éﬁaiggogpéﬂqgkgg 8 RGQH, NBhe recordyffetrack
~controller 2300 as the synchronization control data

TRB may be formed clockwise from outside to inside

circumference (see arrow DrB in Fig. 10) from the ocutside end

~point OB at the outside circumference of disk RCB to the

5 | 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 the direction of

10 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 recorxding. and playback.

o 15 Direction of disk rotation RAA in which disk RCA turns is thus

opposite the direction.of track path DrA, and direction of

disk rotation RAB in which disk RCB tufns is thus opposite the
direction of track path DrB.

An exploded view of the single-sided, dual-layer

20 disk RC2 shown in Fig. 7 is shown as disk RC2o0 in Fig. 11.

Note that the recording tracks formed on the two recording

surfaces run in opposite directions. Specifically, a

clockwise recording track TRA as shown in Fig. 9 is fo;med in

clockwise direction DrA on the (lower) first data recording

25 surface RS1, and a counterclockwise recording track TRB formed



St8l. 20 Based on this synchronization control data St8l, the

synchroni zer 2900 determ nes the decoding start tim ng whereby each
of the bitstreams will be arranged in the correct sequence after
decodi ng, and then generates and inputs the vi deo stream decodi ng

start signal St89 to the video decoder 25 3800 based on this decoding
timng. The synchronizer 2900

-29 - PCT/ JP96/ 02798 al so generates and
supplies the sub-picture decoding start . signal St9l and audio
stream decodi ng start signal St93 to the.39. sub- pi ct ureCTOP96/62798
3100 and audi o decoder 3200, respectively. The vi deo
decoder 3800 .generates the video output 5 request signal St84 based
on the video stream decodi ng start signal St89, and outputs to
t he video buffer 2600. In response to the video output request
signal St84, the video buf fer 2600 outputs the video stream St 83

to the video deGedefounterclockwise direction DrB as shown in Fig. 10 is
provided on the (uppef) second data recording 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
5 relative to the center axis of the disk RC20. Note that track
paths DrA and DrB of tracks TR are also the data read/write
directions to disk RC. The first and second (top and bottomi)
recording tracks thus wind opposite each other with this disk
RC, i.e., the track paths DrA and DrB of the top and bottom
10 recording layers are opposite track paths. |

Opposite track path type, single-sided, dual-layer
disks RC20 rotate in direction RAA corresponding to the first
recording surface RS1 with the laser beam LS traveling along
track path DrA to trace tﬁe recording track on the first
N\ 15 recording surface RSl; When the laser beam LS reaches the
outside end point OA, the laser beam LS can be refocused to
end point OB on the second recording surface RS2 to continue
-tracing the recording track from the first to the second
recording surface uninterrupted. The physical distance
20 between the recording tracks TRA and TRB on the first and
second recording surfaces RS1 and RS2 can thus be
instantaneously eliminated by simply adjusting the focus of

the laser beam LS. '
It is therefore possible with an opposite track path

25 type, single-sided, dua1¥1ayer disk RC20 to easily process the



3800. The vi deo decoder 3800 thus detects the presentation 10 tinme

I nformation contained in the video stream St83, and di sabl es the
vi deo out put request signal St84 when the length of the received
video stream St83 is equivalent to the specified presentation
time. A video streamequal in |ength ' to the specified
presentation tinme is thus decoded by the 15 vi deo decoder 3800, which
out puts the reproduced video signal _ St104 to the synthesizer
3500. The sub-picture decoder 3100 simlarly generates
t he ' sub- pi cture out put request4esi gnal St86 based orp(gj'ygp%/ongg
sub- pi cture decoding start signal St9l, and outputs to the

sub- pi cture buffer 2700. In response to the sub-picture : output
request signal St86, the sub-picture buffer 2700 out puts the
sub-picture stream St85 to the sub-picture decoder 3100. Based
on the presentation tinme information contai ned in the

sub-picture streapbgiiag (tieadikd- BE%EB"sédde@&d P%]J.%lly dPscrefECAYES @nd
| ength of the sub- plcture stream St 85 correspo
-30 - - bot tomP@Hcb2My Y8rfaces as a single continuous recording
track. It is therefore also possible in an authoring system
as described above with reference to Fig. 1 to continuously
5 record the multimedia bitstream MBS that is the largest
multimedia data management unit to two discrete recording
surfaces RS1 and RS2 on a single recording medium RC2o0.
It shouid be noted that tne tracks on recording
surfaces RS1 and RS2 carn be wound in the directions opposite
10 - those described above, i.e., the counterclockwise track TRB
may be provided on the first recording surface RS1 and the
clockwise track TRA on the second recording surface RS2. 1In
this case the direction of. disk rotation is also changed to
a clockwise rotation RdB, thereby enabling the two recording
— 15 surfaces to be used as comprising a single continuous
recording track as described above. For simplification, a
further example of this type of disk is therefore neither
shown nor described below. | ‘
| It is therefore possible by thus constructing the
20 digital.video disk to record the multimedia bitstream MBS for
a feature-length title to a single opposite track path type,
single-sided, dual-layer disk RC2o0. Note that this type of
digital video disk medium is called a single—sided dual-layer

disk with opposite track paths.



to the specified presentation tinme to reproduce and supply to t he

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

synt hesi zer 3500 superinposes the video signal St1 04 and
sub-picture signal St99 to generate and output the 5 mul ti-picture
video signal St1 b to the video data output term nal 3600.

The audi o decoder 3200 generates and supplies to the audi o buffer
2800 the audi o out put request signal St88 based on the audio
stream decodi ng start signal St93. The audio 10 buffer 2800 thus
outputs the audio stream St87 to the audig . decoder q&@pjp§@@2793
audi o decoder 3200 decodes a |length of the audi o stream St 87
.corresponding to the specified presentation - ti me based on the
presentation time information contained in the audi o stream St 87,
and outputs the decoded audio strean1 15 - St101 to the audi o data out put
termnal 3700. IS thus p055|ble to reproduce a .
user - def i ned a e S rdi
user-defined scenario. I\/b%‘\t‘é1 gg’%?ﬁ ??é@?ﬁé gfﬂé\(ﬁ gl%é]’[ & tﬁiseerHa dasd q‘a%lt Bvd

e ecls 2 U1 Sssbebumm A R el S B o asgiZRcay 0
sequence by repgegucipg ties REdIrENP bkl 8#mdBSn both first and second
recording surfaceé RS1 and RS2 are clockwise tracks TRA as
5 shown in Fig. 9. In this case, the single-sided, dual-layer
disk Rczp rotates counterclockwise in the direction of arrow
RdA, and the direction of laser beam LS travel is the same as
the direction of the track spiral, i.e., the track paths of
the top and bottom recording surfaces are mutually parallel
10 (parallel track paths). The outside end points OA of both top
and bottom 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 RC20
shown in Fig. 11, the access point can be instantaneously
15 . shifted from outside end point OA of track TRA on the first
recording surface RS1 to the ocutside end point OA of track TRA
‘on the second recording surface RS2 by appropriately adjusting

the focus of the laser beam LS at outside end point OA.
However, for the laser beam LS to continuously
20 access the clockwise recording track TRA on the second
recording surface RS2, the recording medium RC2p must be
driven in the opposite direction. (clockwise, opposite
direction RdA). Depending on the radial position of the laser
beam LS, however, it is inefficient to change the rotational

25 direction of the recording medium. As shown by the diagonal



corresponding to the sel ected scenari o. | It is

t herefore possible by neans of the authoring system of the
present invention to generate a nmultinmedia 25 bi t stream accordi ng

to plural user-defined scenarios by

-31 - PCT/ JP96/ 02798 real -tinme or batch
encodi ng nul ti nedi a source data in a manner wher eby t he
substreans of the smallest editing units (scenes), whi ch can be
di vided into plural substreans, expressing the basic title
content are arranged in a specific tine_hgse 5 rel ati QgspMme/02798
The nmultinmedia bitstreamthus encoded can then be r epr oduced
according to the one scenario selected from anong pl ural possible
scenari os.. It is also possible to change scenari os while

pl ayback is in progress, i.e., to select a 10 different scenario and
dynam cal ly generate a new nul ti nedi a ~ bitstream according to the

most recently sglpged,SEeRarhG. 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 these physically discrete

5 recording tracks as one logically continuous recording track.

" Rather than uéing the recording tracks on top and

bottom ;ecording surfaces as one continuous recqrding track,

it is also possible to use.the recording tracks to record the

multimedia bitstreams MBS for different titles. This type of

10 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 on
the recording_surfaces RS1 and RS2 is opposite that described
above, i.e., counterclockwise recording tracks TRB are formed,

w15 disk operation remains the same as that described above except
for the direction of disk rotation, which is clockwise as

.shown by arrow RdB. |
Whether 'using clockwise or counterclockwise
recording tracks, the single-sided, dual-layer disk RC2p with
20 parallel track paths thus described is well-suited to storing
on a single disk encyclopedia and similar multimedia
bitstreams comprising multiple titles that are frequently and

randomly accessed.

An exploded view of the dual-sided single-layer DVD

25 recording medium RC3 comprising.one recording surface layer



It is also possible to dynam cally sel ect and reproduce any of

plural scenes while reproducing the title content according to a
desired scenario. 15 It is therefore possible by neans of the
aut hori ng system of the present invention to encode and not only
reproduce but to repeatedly reproduce a nultinedia bitstream MBS
in real-tine. A detail of the authoring systemis

di scl osed 20 Japanese Patent Application filed Septenber 27, 1996,
and entitled and assigned to the same assignee as the present
appl i cation. DVD .
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digital video disk (DvD) with only ~one recording surface (a

singl e-sided DVD) is shown in Fig. 4.

RSi and RS2 on each side as shown in Fig. 8 is shown as DVD
recording medium RC3s in Fig. 13. Clockwise recording track
TRA is provided on the one recording surface RS1, and a
counterclockwise recording track TRB is provided on the other

5 recoraing surface_Rsz. As in the preceding recording media,
the outside end points OA and OB of the recording tracks on
each recording surface are preferably positioned at the same
radial position relative to the center axis of the DVD
recording medium RC3s.

10 _ Note that while the recording tracks on these
recording surfaces RS1 and RS2 rotate in opposite difections,
the track paths are symmetrical. This type of recording
medium is therefore known as a double-sided dual layer disk
with symmetrical track paths. This double-sided dual layer

~ 15 disk with symmetrical track paths RC3s rotates in direction

RdA when reading/writing the first recording surface RS1. As
a result, the track path on the second recording surface RS2
on the opposite side is 6pposite the direction DrB in which
the track winds, i.e., direction DrA. Accessing both
20 recording surfaces RS1 and RS2 using a single laser beam LS
is therefore not realistic irrespective of whether access is
co_ntinuous or non-continuous. In addition, a multimedia
bitstream MBS is separately recorded to the recording surfaces

"on the first and second sides of the disk.



The DVD recording medium RCl in the preferred 5 enbodi nent of the
I nvention conprises a data recording surface RS1 to and from
which data.is witten and read by emtting | aser beam LS, and a
protective |ayer PL1 covering the data recording surface RS1. A
backi ng |l ayer BL1 is al so provided on the back of data recording
surface RS1. The side of the 10 di sk on which protective |ayer PL1
is provided is therefore referred to bel ow as side SA (comonly
"side A"), and the opposite side (on which the backing |ayer BL1

I's provided) is referred to as de SB ("side B"). :
digital video di sk recordi ng me% a having a single ﬁg’ r%@gp |8ng

surface 15 RS1 on only one side such as this DVD recordi ng medi um RC

S commonly cal l ed-a single-sided single | ayer disk.

A detailed illustration of area Cl1 in Fig. 4 is shown in Fig. 5.
Note that the data recording surface RSl is formed by applying a

tallic thin fil th .ef.l ect ta | _
4109 on a fEPst'tF‘aﬁépzreé{dﬁi%s?%a%«ample of the?fiw?age e e Taver
t hi ck T1. f 410 I t
asl'fhgef)fotectlvelﬁﬁﬁaﬁi@ffr:;S ﬁgﬁwsggrﬁgg 8 1SSS@8HE-€¥FH§ rgh %%bé#ggtggg%

4111 of a thickgg ?% FhaltV RO sk comprlsesaElEGEwgggkk@gokaiﬁb B-lex@"4ra
is bonded to the fir

as shown in Fig. 9 on both recording surfaces RS1 and RS2.
S 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 same radial position relative
to the center axis of the DVD recording medium RC3a. Unlike
the double-éided dual layér disk with symmetrical track paths
10 RC3s described above, -the tracks on these recording surfacés
RS1 and RS2 are asymmetrical. This type of disk is therefore
known as a double-sided dual layer disk with asymmetrical
track paths. This double-sided dual layer disk with
asymmetrical track paths RC3a rotates in direction R4A when
7 15 reading/writing the first recording surface RS1. As a result,
the track path on the second recofding surface RS2 on the
opposite 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
20 continuously from the inside circumference to the outside
circumference on the first recording surface RS1l, and then
from the outside circumference to the insidé circumference on
.the second recording surface RS2, both sides of the recording
medium RC3a can be read/written without turning the disk over

25 and without providing different laser beams for the two sides.
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by nmeans of an adhesive |ayer 4110 di sposed t her ebet ween.

A printing |ayer 4112 for printing a disk | abel may al so be

di sposed on the second transparent substrate 4111 as 5 necessary.
The printing |ayer 4112 does not usually cover the entire
surface area of the second transparent substrate 4111 (backi ng
| ayer BL1), but only the area needed to print the text and
graphics of the disk |abel. The area of second t ransparent
substrate 4111 to which the printing |ayej. 4112 10 S y
be I eft exposed. Light reflected fromthe -~ dat a Ia&gﬁnéﬁﬁéﬂﬁ%§ya
(netallic thin film formng the data recordi ng surface RS1 can
therefore be directly observed where the | abel is not printed
when the digital video disk is viewd fromside SB. As a
result, the background | ooks like a 15 silver-white over which the
printed text and graphics fl oat when the netallic thin filmis

an aluminumthin film fofhe track pathgafiprerecording surfaces RS1 gpgeRS2

hat it is only_n r rovi
that it is o Yare“s1sd Xhéosgmg‘wfghtgﬁis 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
5 ' prpviding separate laser beams for each side if the 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
10 recording track TRB 1is provided in place of clockwise
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 recording medium can be
easily'inéreased by using a multiple layer recordiné 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.
It is therefore possible to achieve one
20 '1ong-standing.desire of software (programming) providers,
specifica;ly, to provide programming content such as a
commercial movie on a single recording medium in plural
versions for different language and demographic groups while
retaining the image quality of the original.

25 Parental control



printing | ayer 4112 where needed for printing, and it is not 20
necessary to provide the printing |ayer 4112 over the entire

surface of the backing layer BLI. A detail ed
illustration of area C2 in Fig. 5is shown in Fig. 6. Pits and
| ands are nolded to the conmon contact surface between the first
transparent |ayer 4108 and 25 the data | ayer 4109 on side SA from
whi ch data is read by -34 -
PCT/ JP96/ 02798 _ emtting a |l aser beam LS, and data is recorded

by varying the | engths of the pigs and lands (i.e pq$7 of
t he I nterval s between the pi tsgu.é More specificall y eﬂt)ﬁ?%?

| and configuration forned on the first transparent |ayer 4108

transferred to the data | ayer 4109. The |engths of the pItS and
| ands is shorter, and the pitch of the data tracks formed by the
pit sequences is narrower, than with a conventional Conpact Disc

(CD). The surface recordlegnggﬁ%l%ﬁcwiders of movie and video titles have

conventionally had to produce, supply, and manage the
inventory of individual titles in multiple languages,
typically the language of each distribution market, and
5 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 quality is obviously important,
the programming content must also be consistently
10 reproducible.
The digital video disk recording medium is close to
solving these problems.
Multiple angles
One interactive operation widely sought in
~ 15 multimedia applications today is for the user to be able to
change the position froh which a scene is viewed during
reproduction of that scene. This capability is achieved by
means of the multiple angle function.
This multiple angle function makes possiblé
20 applications whereby, for example, a user can watch a baseball
game from different angles (or wvirtual positionms .in the
.stadium), and can freely switch between the views while
viewing is in progress. In this example of a baseball game,
the available angles may include a position behind the

25  backstop centered on the catcher, batter, and pitcher; one



Is therefore greatly inproved. 10 Side SA of the first
transparent |ayer 4108 on which data pits are not forned is a
flat surface. The second transparent substrate 4111 is for
reinforcenent, and is a transparent panel nmade fromthe sane
material as the first transparent |ayer 4108 with both sides .
flat. Thicknesses T1 15 and T2 are preferably equal and commonly
approximately 0.6 mm but the invention shall not be so |limted.
As with a CD, information-is read by irradiating the surface with

a | aser beam LS and detecting the changqi | the refbﬁgyhﬁkﬁ%ggk
C

the light spot. Because the objective |en 20 aperture

| arge and the wavel ength 1 of the |ight beamsmall in a digita
vi deo di sk system the dianeter of the | i ght spot Ls used can be
reduced to approximately 1/1.6 the i ght spot needed to read a
CD. Note that this neans the resolution of the |aser beam LS in

L2§/?¥867%;;Sg]£§bm behind the backstop centered on a fielder, tﬁgépitcher,

and the catcher; and one from center field showing the view
to the pitcher and catcher.

To heet these requirements, the digital video disk

5 system uses MPEG, the same basic standard format used with
Video-Cds to record the video, audio, graphics, and other
gsignal data. Because of the differences in storage capacity,
transfer rates, and signal processing performance within the
reproduction apparatus, DVD uses MPEG2, the compression method

10 and data format of which differ slightly from the MPEGl format
used with Video-Cds.

It should be noted that the content of and
differences between the MPEG1l and MPEG2 standards have no
direct relationship to the intent of the present invention,

~ 15 and further description is therefore omitted below (for more

information, see MPEG specifications IS80-11172 and ISO-13818).
| The data structure 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.
20 Multi-scene control
| A fully functional and practical parental lock
playback function and multi-angle scene playback function must
enable the user tb modify the system output in minor, subtle
ways while still presenting substgntially_the same video and

25 audio output. If these functions are achieved by preparing



approximately 1.6 times 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 5

sem conductor |aser and an objective lens with a 0.6 mm aperture
NA. By thus al so reducing the thickness T of the t ranspar ent
panels to 0.6 mm nore than 5 GB of data can be stored to one
side of a 120 nm di aneter optical disk. It is therefore
possi ble to store notion picture . 10 (video) inmages having an
extrenely |l arge per unit data size -48- to a digital videCTIIRS6/62798em
di sk wi thout | osing inmage qual ity because the storage capacity of
a singl e-sided, singl e-layer recording nediumRCL with one data
recordi ng _ surface RS1 as thus described is nearly ten tines the
storage 15 capacity of a conventional CD. As a result, while the video
presentation time of a conventional CD systemis approxi mately 74

T utes [ | Mg, SUBIY difg> Adbdd A £ D W 0ROk MiriPoeach of thd THAR

with a video presentation tinme g two hours can _ _
recorded to a Q¥Ekssible20parental lock!h@ndl Oinhalt MR &li skcéset hplaybaek

wel | -suited as -~a recording nmedium for video I nmages.
A digital videordiséstssotithgsnelatnanet Supstantially identical and differ
in only minor ways must be recorded to the recording medium.
5 This results in identical data being repeatedly recorded to
the larger part of the recording medium, ahd significantly
reduces the utilization efficiency of the available storage
capacity. More particularly, it is virtually impossible to
record discréte titles satisfying every possible request even
10 -using the méssive capacity of the digital video disk medium.
While it may be concluded that this problem can be easily
solved by increasing the capacity of the recording medium,
this is an obviously undesirable solution when the effective
use of available system reéources is considéred.

A 15 Using multi-scene control, the concept of which is
described in another 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

20 available system resources (recording medium). More
spécifically, titles that can be played back with numerous
variations are constructed from basic (common) scene periods
containing data common to each title, and:mulﬁi—scene periods
comprising groups of different scenes corresponding to the

25 various requests. During reproduction, the user is able to



recording surfaces RS as descri bed above is shown in Figs. 7 .and

8. The DVD recording nmedium RC2 shown in Fig. 7 conprises 25 t wo
recording surfaces, i.e., first recording surface RSl and

-36 - PCT/ JP96/ 02798 sem -transparent second
recordi ng surface RS2, on the sane side, i.e. side SA of the

di sk. Data can be sinultaneously recorded or reproduced from

t hese two recordi ng surfaces by using different | aser beans LS1
and LS2 for the first 5 recording surface RS1 and t he second
recordi ng surface RS2. _ S aI 0 possible to read/ '
recordi ng surfaces RSl ' and RS2 25|ng only one of thgthggam%Z%%B
LS1 or LS2. Note that recording nedia thus conprised are called
"single-side,- dual -1 ayer disks." 10 It should
al so be noted that while two recording : surfaces RS1 and RS2 are
provided in this exanple, it is also possible to produce digita

vi deo di sk recording medi.a havin : ,
freely and at ang time select particular scenes from the

multi-scene periods to dynamically construct a title
conforming to the desired content, e.g., a title omitting
certain scenes u31ng the parental lock control functlon
5 Note that multi-scene control enabling a parental
lock playback control function and multi-angle scene playback
is described in another section below with reference to Fig.
21.
Data_structure of the DVD system
10 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 recording medium
into three major recording areas, the lead-in area LI, the
volume spacé VS, and the lead-out area LO.
| The lead-in area LI is provided at the inside
circumference area of the optical disk. In the disks
described with reference to Figs. 9 and 10, the lead-in area
LI.is positioned at the inside end points IA and IB of each
20 track. Data for stabilizing the operation of the reprbducing
apparatus when reading starts is written to the lead-in area
LI. | o
The lead-out area LO is correspondingly located at
the outside circumference of the optical disk, i.e., at

25 outside end points OA and OB of each track in the disks



nore than two recording surfaces RS. Disks thus conprised are

known as "single-sided, nulti-layer disks." 15 Though
conprising two recording surfaces simlarly to the recording
medi a shown in Fig. 7, the DVD recording medi um RC3 shown in Fig.
8 has the recording surfaces on opposite sides of the disk, i.
e., has the first data recordi ng surface RS1 on side SA and the
second data recording 20 ° surface RS2 on side SB. It will also be
obvi ous that while only two recording surfaces are shown on one
digital video disk in this exanfl €, nore tHan two r RCT/APGE02798
surfaces may al so be forned on a doubl e-sided digital video disk
As with the recordi ng mediumshown in Fig. 7, it is also possible
to 25 provi de two separate |aser beans LSl and LS2 for recording

-37 - PCT/ JP96/ 02798 surfaces RS1 and RS2, or
to read/wite both recording surfaces RS1 and RS2 using a single

| aser beam Not gekbatibkli ®itlpeeference to Figs. 9 and 10. Data identifying
the end of the volume space VS is recorded in this lead-out
area LO. | |

The volume space VS is located between the lead-in

5 area LI. and lead-out area LO, and is recorded as a
one-dimensional array of n}l (where n is an integer greater
than or equal to zero) 2048-byte logic sectors LS. The logic
sectors LS are sequentially number #0, #1, #2, ... #n. The
volume space VS is also divided into a. volume and file

10 structure management area VFS and a file data structure area
FDS.

The volume and file structure management area VFS
comprises m+l logic sectors LS#0 to LS#m (where m is an
integer greater than or equal to zero and less than n. The

w 15 file data structure FDS comprises n-m logic sectors LS #m+l

to LS #n. |

Note that this file data structure area FDS
corresponds to the multimedia-bitstream MBS shown in Fig. 1
and described above.

20 : The volume file structﬁre‘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 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.

25 - Information for the files stored to the file data structure



of digital video disk is called a "doubl e-sided, dual-|ayer

disk.” It will also be obvious that a doubl e-sided digital .5 vi deo
di sk can be conprised with two or nore recording surfaces per
si de. This type of disk is called a "doubl e- si ded,

mul ti-layer disk." A plan view fromthe | aser beam LS
I rradi ation side of the recording surface RS of the DVD
recording mediumRC i s 10 shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording track TR is provided fromthe

I nsi de : circunference to the outHide circunference ofPATYEPIB/OR798he
data recording track TR is divided into plural sectors each '

havi ng the sane known storage capacity. Note that for 15 sinplicity
only the data recording track TRis shown in Fig. 9 with nore
than three sectors per revol ution. As shown in Fig. 9,
the data recording track TR is normal |y fornmed cl ockw se inside

to outside (seeageaOMDE A written to tﬁé%itﬂﬁ‘e | 191 @ @R R VFsAadborBeng
i nside circunference of 20 disk RCA to the outside end point

OA at the . outeideknown specificatishesapheasl 18be9gibdk owi Tiga-ha3diesk RCA
rotating countercl ockwi se RJA. This type of disk RCAis called
a cl ockwi se di The fihlletdata etaudicnget anel FRS reohprhisyespm-is Logic
called a clockw se track TRA.
© sectors LS#m - LS#n, each comprising a video manager VMG sized
5 to an integer multiple of the logic sector (2048 x I, where
I is a known integer), and k video title sets VTS #1 - VTS#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
10 a volumé menu used to set and change reproduction control of
the entire volume.

Any video title set VTS #k is also called a "video
file":representing a title comprising video, audio, and/or
still image data. |

o 15 The internal structure of each video title set VTS

shown in Fig. 22 is shown in Fig. 16. Each video title set

VTS comprises VTS information VTSI describing the management

information for the entire disk, and the VTS title wvideo

objects VOB (VTSTT _VOBS), i.e., the system stream of the

20 multimedia bitstream. The VTS information VTSI is described
first below, followed by the VTS title VOBS.

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

VTS_PGCIT.
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the application, the recording track TRB nmay be forned
clockwise from outside to inside circunference (see arrow DrB
in Fig. 10) fromthe outside end point OB at the outside
circunference of disk RCB to the 5 i nside end point 1B at the inside
circunference of the disk with the disk RCB rotating clockw se
RdB. Because t he recording track appears to w nd
count er cl ockwi se when vi ewed fromthe inside circunference to the
out si de circunference on di sks 58i-t h t he recordi ng t PEGKIPO6/02E98 i n
the direction of 10 arrow DrB, these disks are referred to as

count ercl ockw se di sk RCB with countercl ockwi se track TRB to

di stingui sh them fromdisk RCAin Fig. 9. Note that track
directions DrA and DrB are the track paths along which the | aser
beam travel s when scanning the tracks for recordi ng and pl ayback.

15 Direction of disk rehativersiRdAanBgehbal diskl KCATSI MAT Sstbies such
opposite the direction of track path Dr%, and direction of” di sk
rotati on RdB i nindbehatisck &£EBcherhstésnahustoppnsid eof hehe video title set
VTS, the number of selectable audio streams contained in the
video title set VTS, the number of 'sub—pictures, and the 'video
5 title set VTS location (storage address).
The VTSPGC information table VTS _PGCIT records i
(where i is a natural number) program chain (PGC) data blocks
VIS PGCI #1 - VTS_PGCI #i for controlling the playback
sequence. Each of the table entries VTS_PGCI #i is a data
10 entry expressing the program chain, and compi:'ises j (where j
is a natural number) cell playback information blocks C_PBI
#1 - C_PBI #j. Each cell playback information block C_PBI i
contains the playback sequence of the cell and playback
control information.

. 15 The program chain PGC is a conceptual structure
describing the story of the title content, and therefore
defines the structure of each title by describing the cell
playback sequence. Note that these cells are: described in
detail below.

20 ' If, lfor example, the video title set information.
| relates to the ménus, the vidéo_ tit]l.e' set information VTSI 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

25 device references the buffer to fetch the menu information and



direction of track path DrB. - An expl oded view of the

si ngl e-si ded, dual -I ayer 20 di sk RC2 shown in Fig. 7 is shown as
disk RC20 in Fig. 11. . Note that the recording tracks forned on
the two recording surfaces run in opposite directions.
Specifically, a - clockwi se recording track TRA as shown in Fig.
9 is fornmed in - clockwi se direction DrA on the (lower) first data
recordi ng 25 surface RS1, and a countercl ockw se recording track TRB
f or med -39 -

PCT/ JP96/ 02798 in countercloclegise direction Dr B aPCIHRH6/02798
Fig. 10 is provi ded on the (upper) second data recordi ng surface
RS2. As a result, the outside end points QA and OB of the first and
second (top and botton) tracks are at the sane radial position 5

relative to the center axis of the disk RC2o. Note that track pat hs
DrA and DrB of tracks TR are also the data read/wite directions to

di sk RC. The figskpeRg 886006p (h&RuaPH. POt Ofle menus are hierarchical, the

main menu stored as program chain information VTS_PGCI #1 may
be displayed, for example, by"pressing the MENU button,
VTS_PGCI #2 - #9 may correspond to submenus accessed using the
5 numeric keypad on the remote control, and VTS_PGCI #10 and
'higher may correspond to additional submenus further down the
hierarchy. Alternatively, 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 Dby pressing the
10 corresponding numeric key.

The menus themselves are expressed by the plural
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

w 15 containing voice guidance.

In the case of a movie, for example, the video title
set informaﬁion VTSI is stored to a buffer in the playback
device when playback starts, the playback deﬁice references
the cell playback sequence described by the program chain PGC,

20 and reproduces the systém stream.
| The “"cells" reférenced 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.



recording tracks thus w nd opposite each other with this disk RC,
I.e., the track paths DrA and DrB of the top and bottom 10 recordi ng

| ayers are opposite track paths. : Qpposite track path type,
si ngl e-si ded, dual -1 ayer di sks RC20 rotate in direction RdJA
corresponding to the first recording surface RS1 with the | aser beam
LS traveling al ong track path DrA to trace the recording track on
the first 15 recordi ng surface RS1. Wen the | aser beam LS reaches the
outside end point OA the |laser beam LS can be refocused to . end

poi nt OB on the second recordi ng surface-562 to continue PCTARE6/023798e
recording track fromthe first to the second recordi ng surface

uni nt errupt ed. The physical distance 20 bet ween the recording tracks
TRA and TRB on the first and second recording surfaces RS1 and.
RS2 can thus be i nstant aneously elimnated by sinply adjusting
the focus of the | aser beam LS. It is therefore

possi bl e with an opposit e Notae khpat BackSof th&pﬁGcslrrﬂdﬁnaaiﬂﬁd,extﬁﬁeé LY EBI "
di sk RC20 to easily process t he

#j- contain both cell playback processing information and a
cell information ;able. The cell playback processing
information comprises the processing information needed to
‘ 5 reproduce the éell, such as the presentation time and number-
~ of repétitions. More specifically, this information includes
the cell block mode CBM, cell block type CBT, seamless
playback flag SPF, interleaved allocation £flag IAF, STC
resettiﬁg flag STCDF, cell presentation time C_PBTM, seamless
10 angle' change flag SACF, first cell VOBU start address
C_FVOBU_SA, and the last cell VOBU start address C_LVOBU_SA.
Note that seamless playback refers to the
reproduction in a digitalivideo disk system of multimedia data
including video, audio, and sub-picture data without
S 15 intermittent breaks in the data or information. Seamless
playback is described in detail in another section below with

reference to Fig. 23 and Fig. 24.
The cell block mode CBM ihdicates whether plural
‘ cells constitute one functionai block. Thé cell playback
20 information of each cell in a functional block is arranged
.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

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



-40 - PCT/ JP96/ 02798 recording tracks di sposed to
physical ly discrete top and bottom recordi ng surfaces as a single
conti nuous recordi ng track. It is therefore also possible in an

aut horing system as described above with reference to Fig. 1 to
continuously 5 record the nultinedia bitstream MBS that is the |argest
mul timedi a data managenent unit to two discrete recording surfaces
RS1 and RS2 on a single recordi ng nedi um RC20. It should
be noted that the tracks on recording surfaces RS1 and RS2 can be
wound in the directions opposite 10 t§fose descri bed above,PCTAP96/0RZ98
count ercl ockwi se track TRB may be provided on the first recording
surface RSl and the cl ockwi se track TRA on the second recording
surface RS2. In this case the direction of disk rotation is also
changed to a clockw se rotation RdB, thereby enabling the two
recording 15 surfaces to be used as conprising a single

cont i nuous blockcor ttheg celldcklaskdmsdei beM afovach EellshmphyEdc beitteen
a - further exanple of this type of disk is therefore neither
shown nor descrtbeaebénawt and last cells cdntains hereibue podicbténgy that
t hus constructing the ~digital video disk to record the nultinedia
bitstream MBS f §he cell 1s a cell between these first and last cells in that
block.
5 The cell block type CBT identifies the type of 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 reprodﬁcible angles is programmed
as one of the functional blocks mentioned above, and the type

10 of these functional blocks is 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 corréspondiné cell is to be linked and played back
‘w 15 géamlessly with the cell or cell block reproduced 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 0.

20 The interleaved allocation flag IAF stores a 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 the

25 system time clock STC used for synchronization must be reset



a feature-length title to a single opposite track path type,
singl e-si ded, dual -layer disk RC20. Note that this type of digital
video disk mediumis called a single-sided dual-1ayer disk with

opposite track
PCT/ JP96/ 02798
dual -1 ayer DVD

pat hs. 41 -
Anot her exanpl e of the single-sided,
recordi ng medium RC2 shown in Fig. 7 is shown as

disk RC2p in Fig. 12. The recording tracks forned on both first
and second recording surfaces RS1 and RS2 are cl ockwi se tracks
TRA as 5 shown in Fig. 9. 1In thisg case, the single-sipEENIP96/02798
dual -l ayer di sk RC2p rotates counterclockw se in the direction of
arr ow RdA, 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 parallel .10

(parallel track paths). The outside end points OA of both top
and bottom trackBeAl ehadabn1pisf g1apbyl Bask!| QHEH ALsbtPEif§™Bhe system time

; 5
_
10
— 15
20
25

clock STC is necessary, the STC resetting flag STCDF is set .
to 1. |

The seamless angle change flag SACF stores a value
indicating whether a cell in a multi-angle 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 expreéses the cell
presentation time with video frame precision.
| The first cell VOBU start address C_FVOBU_SA is the
VOBU start address of the first gell in a block, and is also
expressed as the distance from the logic sector of the first
cell in the VTS title VOBS (VTSTT_VOBS) as measured 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 (VTSTT _VOBS)
as measured by the number of sectors.

The VTS title VOBS (VISTT VOBS), 4i.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 referred to as a

"video object" (VOB). Each video object VOB #1 - VOB #i



radial position relative to the center axis of the disk RC2p as

descri bed above. As al so descri bed above with di sk RC20 . shown in
Fig. 11, the access point can be instantaneously 15 shifted from outside
end point OA of track TRA on the first recording surface RS1 to
t he outside end point OA of track TRA on the second recording
surface RS2 by appropriately adjustlng the focus of the | aser
beam LS at outside end point OA However, for the

| aser beam LS to continuously 20 access the clockwi se recording
track TRA on the second recorsging surface RS2, theOTem®si2798
medi 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
rotational 25 direction of the recording nediun1 As shown by the

di agonal ' -42 -

PCT/ JP96/ 02798 comprises at 1855EWohB Figecldath®ilRSeriedMdardd with up
t herefore noved from

to a maximum eight audio data blocks and up to a maximum 32
sub-picture data blocks.
Each video object VOB comprises g (where q is a
5 natural number) cells C#l - Ci#gq. Each cell C comprises r
(where r is a natural number) video object units VOBU #1 -
VOBU #r.
Each video object unit VOBU comprises plural
groups_of_pictures GOP, and the audio and sub-pictures
10 - corresponding to the playback of ~ said plural
groups_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
contfol data for that VOBU.
\v) 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 the authoring encoder EC
20 described with reference to Fig. 25, _is described with
reference to Fig. 17. Note that the encoded video stream
St1l5 shown in Fig. 17 is the compressed one-dimensional video
data stream encoded by the wvideo encoder 300. The encoded
audio stream St19 is likewise the compressed one-dimensional

25 audio data stream multiplexing the right and left stereo audio



t he outside end point OA of the track on the first recording

surface RS1 to the inside end point 1A of the track on the second
recording surface RS2 to use these physically discrete 5 recordi ng
tracks as one logically continuous recording track.

Rat her than using the recording tracks on top and bot t om
recordi ng surfaces as one continuous recording track, it is also
possible to use the recording tracks to record the mul ti medi a
bitstreans MBS for different titles. This type of 10 digital video
di sk recording mediumis called a "singl&8si ded, duRCIVERP6/02dD8 k
with parallel track paths.™ Note that if the direction
of the tracks formed on | the recording surfaces RS1 and RS2 is
opposite that described above, i.e., counterclockw se recording
tracks TRB are forned, 15 - disk operation remains the sane as that
descri bed above except for the direction of disk rotation, which

i s clockwise aschannels eneba¥dld B aHOVWakEBo encoder 700. Note \imithethe
using clockw se or counterclockw se recordi ng tracks, the

singl e-si ded, dsadiibaybinal sshaRPmotd e 1imiR@d topar ateekot shghapat andthayg
described is well-suited to storing on a single disk encycl opedi a
and simlar nulalsedba a multichabnédt seanmsundnapousdngigniliple titles that
are frequently and randoml y accessed.

expl oded vi ew of the dual Thededstemgbereéameftvbe edibing uF%EdV%?hgségﬁi%ﬁ1
RC3 conprising one recordi ng surface | ayer . . .
. 5 a one dimensional array of packs with a byte size
et correspénding 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)
St35, i.e., at the beginning of the video object unit VOBU.
10 This stream control pack is called the "navigation pack NV",
and records the data arrangement in the system stream and
other control information.
The encoded video stream St15 and the encoded audio
stream St1l9 are packetized in byte units corresponding to the
w 15 gystem stream packs. These packets are shown in Fig. 17 as
packets V1, V2, V3, V4... and Al, A2, A3.... As shown in Fig.
17, thesé packets are interleaved in the appropriate sequence
as system stream St35, thus forming a packet stream, with
consideration given to the decoder buffer size and the time
20 . required by the decoder to expand the video and audio data
packets. In the example shown in Fig. 17, the packet stream
is interleaved in the sequence V1, V2, Al, V3, V4, A2....
Note that the sequence shown in Fig. 17 interleaves

one video data unit with one audio data unit. Significantly

25 increased recording/playback capacity, high speed
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PCT/ JP96/ 02798 RS1 and RS2 on each side as

shown in Fig. 8 is. shown as DVD " recording nediumRC3s in Fig. 13.
Cl ockwi se recordi ng track TRA is provided on the one recording
‘surface RS1, and a countercl ockwi se recording track TRB i s provided

on the other

5 recording surface RS2. As in the preceding recording

medi a, t he outside end points OA and OB of the recording tracks on
each recording surface are preferably positioned at the sane radi al
position relative to the center axis of the DvVD recordi |
RC3s. 10 Note that while th® Tecording tracks OngﬁéEﬁBé&?gs
recordi ng surfaces RS1 and RS2 rotate in opposite directions,: t he
track paths are symetri cal . This type of recording mediumi s

t herefore known as a doubl e-si ded dual |ayer disk with symretrical

track paths.

10

15

20

25

Thi s doubl e-si ded dual | ayer

recording/playback, and performance improvements in the signal
proéessing LSI enable the DVD system to record plural auaio
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 during playback. The
structure of the system stream used in this type of DVD system
is shown in Fig. 18 and described below.

Asgs in Fig.'17, the packetized encoded video stream
Stl5 is shown in Fig. 18 as V1, V2, V3, V4, ... In this
example, howéver, there is not just one encoded audio stream
St19, but three encoded audio streams St19A, St19B, and Stl19C
input as the: source data. There are also two encoded

sub-picture streams St17A and St17B input as the source data

-sub-picture streams. These six compressed data streams, St1S5,

St19A, Stl19B, St19C, St17A and Stl1l7B, are interleaved to a
single system stream St35.

The video data is encodéed according to the MPEG
specification with the group of pictures GOP being the unit
of compression. In general, each group_ of pictures GOP
contains 15 frames in the case of an NTSC signal, but the
specific numberlof frames compressed to one GOP is variable.
The stream management pack, which describes the management
data éqntaining, for example, the relationship between

interleaved data, is also interleaved at the GOP unit



15 disk wwth symmetrical track paths RC3s rotates in direction

RdA when reading/witing the first recording surface RS1. As a
result, the track path on the second recordi ng surface RS2 on the
opposite side is opposite the direction DrB in which the track
winds, i.e., direction DrA Accessing both 20 recordi ng surfaces
RS1 and RS2 using a single | aser beam LS is therefore not realistic
i rrespective of whether access is conti nuous or non-conti nuous. In
addition, a multinedia bitstream MBS is separately recorded to the
recordi ng surfaces on the first arf® second sides of thdEH/ERI6/02798
-44 - PCT/ JP96/ 02798 A di fferent
exanpl e of the doubl e-sided single |ayer di sk RC3 shown in Fig. 8 is
shown in Fig. 14 as di sk RC3a. Note that this disk conprises

cl ockwi se recording tracks TRA as shown in Fig. 9 on both recording
surfaces RSI and RS2. 5 As with the preceding recording nedia, the
out si de end poiihserval. 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 presentation time

5 on the digital video disk within a range from 0.4 sec. to 1.0
sec. referenced to the GOP unit. If the presentation time of
contiguous plural GOP units is legss than 1 sec., the
management data packs for the video data of the plural GOP
units is interleaved to a singlé stream.

10 These management data packs are referred to as
navigation packs NV in the digital video disk system. The

-data frém one navigation pack NV to the packet immediately
preceding the next navigation paék NV forﬁs one video object
unit VOBU. In general, one contiguous playback unit that can

w15 be defined as one scene is called a video object VOB, and each
video object VOB containé plural video object units VOBU.
Data sets of élural video objects VOB form a VOB set (VOBS).
Note that these data units were first used in the digital
video disk.

20 When plural of these data streams are interleaved,
the navigation packs NV defining the relatipnship between the
interleaved paéks must also be interleaved at aldefined unit
known as the pack number unit. Each group_of_pictures GOP is
normally a unit containing approximately 0.5 sec. of video

25 data, which is equivalent to the presentation time required



OA and OA of the recording tracks on each recordi ng surface are
preferably positioned at the sane radial position relative to the
center axis of the DVD recording nedi um RC3a. Unlike t he
doubl e- si ded dual |ayer disk with symetrical track paths 10 RC3s
descri bed above, the tracks on these recordi ng surfaces RS1 and RS2
are asymmetrical. This type of disk is therefore known as a
doubl e- si ded dual |ayer disk with asymretri cal track paths. Thi s
doubl e-sided dual Ilayer disk wth asymmetrical track paths RC3a
rotates in direction RJA when 15 readilhg/ witing the fi rstPGﬁ’éB?@fﬂzll?s
surface RS1. As a result, the track path on the second recording
surface RS2 on the opposite side is opposite the direction DrA in
whi ch the track winds, i.e., direction DrB. Thi s
means that if a |laser beamLS is driven 20 continuously fromthe inside
circunference to the outside circunference on the first recording
surface RS1, anfiorhagd - 15 frfamem,t lduirs devcigatidrerpack ¥ ibegenerddly
circunference on the second recording surface RS2, both sides of the
recordi ng inkeyleavrdlwithnthe numkrwaf datavpeshets meauigech&oai this

over 25 and without providing different | aser beans for the two sides.
presentatlion time.

The stream management information contained in the
5 interleaved video, audio, and sub-picture data packets
constituting the system stream is described. below with
reference to Fig. 19. As shown in Fig. 19, the data contained
in the system stream is recorded in a format packed or
packetized according to the MPEG2 standard. The packet
10 structure is essentially the same for wvideo, audio, and
| sub-picture data. One pack in the digital video disk system
has a 2048 byte capacity as described above, and contains a
pack header PKH and 6ne packet PES; each packet PES contains

a packet header PTH and data block.
15 . The pack header PKH records the time at-whiéh 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. The MPEG standard assumes that the system clock
20 reference SCR is the reference clock for the entire decoder
operation. With'such disk media as the digital video disk,
hbwever, time management specific td individual disk players
can be used, and a reference clock for the decoder system is

therefore separately provided.
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for recording surfaces RS1 and RS2 are also the sane with this
doubl e- si ded dual |ayer disk with asynmetrical track paths RC3a.

As a result, it is also possible to read/ wite both sides of the
disk without 5 provi di ng separate | aser beans for each side if the
recordi ng medi um RC3a i s turned over between sides, and the

read/ wite apparatus can therefore be constructed economcally..

It should be noted that this recording nedi um remai ns functionally

i dentical even if counterclockwi se 10 -62recording track TREPCH/$PI/R7A%8ed
in place of clockw se recording track TRA on both recording
surfaces RS1 and RS2. As described above, the true val ue
of a DVD system whereby the storage capacity of the recording nedi um
can be easily increased by using a nmultiple layer recording surface
15 "is realized in nmultinmedia applications whereby plural video

data units, plural audi o Thea paicket arhbgder al PgHapbiadleatly contaimgtsa
recorded to a single disk are reproduced through i nteractive

operation by thpregseptation time stamp PTS and a decoding time stamp DTS,
both of which are placed in the packet.before the access unit
(the decoding unit). The presentation time stamp PTS defines
5 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 decoded. Note that the
presentatidn time stamp PTS éffectively defines the display
10 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. |

The packet header PTH also contains an 8-bit field
k;/ 15 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.
Private packets under the MPEG2 standard are data
packets of which the content can be freely defined. Private
20 .packet 1 in this embodiment of the invention is used to carry
audio data other than the MPEG audio data, and sub-picture
data; private packet 2 carries the PCI packet and DSI packet.
Private packets 1 and 2 each comprise a packet
header, private data area, and data area. The private data

25 area contains an 8-bit sub-stream ID indicating whether the



It is therefore possible to achieve one 20 | ong- st andi ng

desire of software (programm ng) providers, specifically, to
provi de progranm ng content such as a comercial novie on a single
recording nmediumin plural versions for different |anguage and
denogr aphi c groups while retaining the image quality of the
original. 25 Parental control

-46 - PCT/ JP96/ 02798 Cont ent

provi ders of novie and video titles have conventionally had to
produce, supply, and manage the - 63inventory of indivi /TRI6/02598i n
mul tipl e | anguages, typically the | anguage of each distribution
mar ket, and 5 multi-rated title packages conform ng to the parental
control (censorship) regulations of individual countries in

Eur ope and North Anmerica. The tine and resources required for
this are significant. While high image quality is obviously

i mportant, 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 encoded data.

Sub-picture data may be defined as one of.up ﬁo 32 types #0-
5 - #31.

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

10 by runlength coding is written if sub-picture data is stored.

MPEG2-compressed 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
continuqusly to the wvideo buffer at a constant rate. This

s 15 contrasts with variable bit rate coding in which the video
stream is input intermittently to the video buffer, thereby
i making it possible to suppreés the generation of unnecessary
code. Both constant bit rate and variable bit rate coding can
be used in the digital video disk system.

20 . Because MPEG video data is compressed with variable
length coding, the data.quantity'in,each.group_of_picturés 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 optical disk, and the time-base

25 relationship between the video and audio data output from the



the progranmm ng content nmust also be consistently 10

r epr oduci bl e. The digital video disk recording nedium
is close to .solving these probl ens. Mul ti pl e angl es

One interactive operation wdely sought in 15 mul ti medi a
applications today is for the user to be able to change t he
position fromwhich a scene is viewed during reproducti on of that
scene. This capability is achieved by means of the nultiple angle
function. This multiple angle function makes possible
20 appl i cati ons whereby, for exanple- 64 -user can watch a b®CAVUM96/02798
gane fromdifferent angles (or virtual positions in the st adi um,
and can freely switch between the views while viewing is in
progress. In this exanple of a baseball gane, t he avail abl e

angl es-may include a position behind the 25 backstop centered on the

catcher, batter, and pitcher; one
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 rate coding.

5 The navigation pack NV structure is shown in Fig.
20. Each navigatioﬁ pack NV starts with a pack header PKH,
and contains a PCI packet and DSI packet.

As described above, the pack header PKH records the

time at which that pack is to be sent from stream buffer 2400

10 to system decoder 2500 (see Fig. 26 ), i.e., thé system clock

| reference SCR defining the reference time for synchronized
audio-visual data playback.

Each PCI packet contains PCI General Information

(PCI_GI) and Angle Information for Non-seamless playback

w15 (NMSL_AGLI) .

The PCI General Information (PCI_GI) declares the
display time of the first video frame (the Start PTM 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

20 object unit VOBU with system clock précision (90 Khz).

‘The Angle Information for Non-seamless playback
(NMSL_AGLI) states the read start address of the corresponding
video object unit VOBU when the angle is changed expressed as
the number of sectors from the beginning of the video object

235 VOB. Because there are nine or fewer angles in this example,
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centered on a fielder, the pitcher, and the catcher; and one from
center field showi ng the view to the pitcher and catcher.

To nmeet these requirenents, the digital video disk 5 system uses
MPEG the sane basic standard format used with Vi deo-Cds to
record the video, audio, graphics, and other signal data. Because
of the differences in storage capacity, . transfer rates, and
signal processing performance within the reproducti on appar at us,
DVD uses MPER, the conpression nmethod -6540 and data forrﬂﬁwﬁbml%
differ 'slightly fromthe MPEGL format used with Video-Cds.

It should be noted that the content of and di fferences between
the MPEGL and MPEQ2 st andards have no . direct relationship to the
intent of the present invention, 15 and further description is
therefore omtted below (for nore i nformati on, see MPEG
specifications tBexélare addel 8Mgle3ER)dress declaration celldheDedatanation
structure of the DVD system according to the present invention is
descri bed i n deRdfregsel owfini thngle Cell rdikrefior tdim-g@anﬂ@ssm playbégk

20, and 21. 20 Mul ti -scene contr ol fl
functional and §FMSLiAGL A BSTA) ¥edestination Address of Angle Cel #9 for

Non-seamless playback (NMSL__AGL_CQ_DSTA) .

5 ' Each DSI packet contains DSI General Information
(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, i. e.,

10 the End Address for VOB (VOBU__EA) , expressed as the number of

sectors from the beginning of the video object unit VOBU.
While seamless playback is described in detail
later, it should be noted that the continuously read data
units must be interleaved (multiplexed) at the system stream
s 15 level as an interleaved unit ILVU in order to seamlessly
reproduce split or combined titles. Plural system streams
interleaved with the interleaved unit ILVU as the smallest

unit are defined as an interleaved block.

The Seamless Playback Information (SML_PBI) is
20 declared to seamlessly reproduce the stream interleaved with
the interleaved unit ILVU as the smallest data unit, and
contains an Interleaved Unit Flag (ILVU flag) identifying
whether the corresponding video object unit VOBU is an

interleaved block. The ILVU flag indicates whether the video



pl ayback function and nmulti-angle scene playback function nust

enable the user to nodify the systemoutput in mnor, subtle way's
while still presenting substantially the same video and 25  audio
output. |If these functions are achi eved by preparing

-48 - PCT/ JP96/ 02798 and recordi ng separate
titles satisfying each of the many possi bl'e parental |ock and

mul ti-angl e scene pl ayback requests, titles that are substantially
identical and differ in only mnor ways nmust be recorded to the
recording nmedium 5 This results in-ientical data bei ng rREEIPH03798
recorded to the larger part of the recording nedium and
significantly reduces the utilization efficiency of the avail able
st orage capacity. Mre particularly, it is virtually inpossible to
record discrete titles satisfying every possible request even 10 usi ng
the massive capacity of the digital video di sk nmedium Wiile it may

be concl uded t habjebitsupiebieBucas ha aasih¥erleaved block, and is set to 1
when it is. Otherwise the ILVU flag is set to 0.

When a video object ﬁnit VOBU is in an interleaved
block, a Unit END flag is declared to indicate whether the

5 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 ié set to 1 if the
VOBU currently being read is the last VOBU in the interleaved
unit ILVU. Otherwise the Unit END flag is set to 0.

10 An Interleaved Unit End Address (ILVU_EA)
identifying the address ‘of the last pack in the ILVU to which
the VOBU belongs, and the sta:rting ;ddress of the next
interleaved unit ILVU, Next Interleaved Unit Start Address
(NT_ILVU SA), are also declared when a video object unit VOBU

(N 15 is in an interleaved block. Both the Interleaved Unit End

Address (ILVU_EA) and Next Interleaved Unit Start Address

(NT_ILVU_SA) are expressed as the number of sectors from the
navigation péck NV of that VOBU.

When two system streams are seamlessly connected but

20 the audio components of the two system streams are not

contiguous, particularly immediately before and aftgr the

seam, it is necessary to pause the audio output to synchronize

the audio and video components of the 5ystem stream following

the seam. Note tha_t non-contiguous audio may result from

25 different audio signals being recording with the corresponding



sol ved by increasing the capacity of the recording nmedi um this is

an obvi ously undesirable solution when the effective use of
avai |l abl e systemresources is considered. 15 Usi ng

mul ti-scene control, the concept of which is descri bed in anot her
section below, in a DVD system it is possi ble to dynam cally
construct titles for nunerous vari ations of the sane basic content
usi ng the snall est possi bl e amount of data, and thereby effectively

utilize the

Mor e

20 avai l able system resources (recording nediun.
specifically, titles that caé/ be played back wi t lPQUABPG02798

variations are constructed from basic (conmon) scene peri ods

cont ai ning data common to each title, and multi-scene periods
conprising groups of different scenes corresponding to the 25 vari ous

requests.
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video blocks. With an NTSC signal, for example, the video

frame cycle is approximately 33. 33 msec while the AC-3 audio
frame cycle is 32‘mséc.

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 (VOB_A STP_PTM2),
indicating the time at which the audio is to be paused; and
audio repioduction stopping periods 1 and 2, i.e., Audio Gap
Length 1 in VOB (VOB_A GAP_LEN1) and Audio Gép Length 2 in VOB
(VOB_A GAP_LEN2), indicating for how long the audio is to be
paused, are also declared in the DSI packet. Note that these
times are specified at the system clock precision (90 Khz).

The Angle Information for Seamless playback
(SML_AGLI) declares the read start address when the angle is
changed. Note that this field is wvalid when seamless,
multi-angle control is enabled. This address is also
expreséed 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: Destination
Address of Angle Cell #1 for Seamless playback .
(SML_AGL_Cl_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



freely and at any tinme select particular scenes fromthe

mul ti-scene periods to dynamcally construct a title. conform ng
to the desired content, e.g., atitle omtting certain scenes
using the parental |ock control function. 5 Not e t hat

mul ti-scene control enabling a parental | ock pl ayback contro
function and multi-angle scene playback is described in another
section below with reference to Fig. 21. Data structure
of the DVD system 10 The data structure used in the

aut hori ng system of a digital -\@8deo di sk syst em accBCAVIRY6{02708 e
present invention Is shown in Fig. 22. To record a nultinedia

bi t st ream MBS, this digital video disk systemdivides the
recordi ng nmedi um into three major recording areas, the lead-in
area LI, the 15 vol une space VS, and the | ead-out area LO

The lead-in area LI is provided at the inside circunference area

of the optical éjdf?‘lklng udftdh@ard $k¥erenced as 'ORSEE Peshathe entededceange
Figs. 9 and 10, the l®ead-in area LI is p03|t|oned at the inside

end points | A apel ¢ieO0fo@RE8 datal@s thérafikodihgtaniot stabilizing the
operation of the reproducing appar atus when reading starts is
witten to the pv¥ddencodera LI. The | ead- out

area LOis correspondlngly | ocat ed at - ‘the outsjde cjrcunference
of the optical disk, i.e.A gireferred embodiment of a digital video disk
5 system authoring encoder ECD in which the multimedia bitstream
authoring system according to the present invention is applied

to a digital video disk system is described below and shown

in Fig. 25. It will be obvious that the authoring encoder ECD
applied to the digital wvideo diék system, referred to below

10 as a DVD encoder, is substantially identical to the authoring
encoder EC shown in Fig. 2. The basic difference _between

these encoders is 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

W 15 be obvious that the bitstream encoded by this DVD encoder ECD
is recorded to a digital video disk medium M. The operation

of this DVD encoder ECD is therefore described below in

comparlson with the authoring encoder EC described above.

As in the above authoring encoder EC, the encoding

20 system controller 200 generates control signals St9, Stii,

| St13, Sst21, St23, S£25, St33, and St39 based on the scenario

data St7 describing the user-defined editing instructions
input from thelscenario editor 100, and controls the video

encoder 300, sub—picture.encode.r 500, and audio encbder 700

25 in the DVD encoder ECD. Note that the user-defined editing



25 outside end points OA and OB of each track in the disks

-50 - PCT/ JP96/ 02798 described with reference
to Figs. 9 and 10. Data identifying the end of the vol une space
VS is recorded in this |ead-out area LO The
vol une space VS is |ocated between the |ead-in 5 area LI and

| ead-out area LO and is recorded as a one- di nensi onal
array of n+l (where n is an integer greater than or equal to
zero) 2048-byte logic sectors LS. The logic sectors LS are
sequential |y nunber #0, #1, #2, ... #n. -Tofe- vol ume RCGEEPIF2798
also divided into a volune and file 10 -~ structure managenent area VFS
and a file data structure area FDS. The
volume and file structure managenent area VFS conprises mtl logic
sectors LS#O to LS#m (where mis an I nteger greater than or

equal to zero and less than n. The
instructions in the DVD encoder ECD are a superset of the

editing instructions of the authoring encoder EC described

above. |
Specifically, the user-defined editing instructions_
5 (scenario data St7) in the DVD encoder ECD similarly describe
what source data is selected from all or a subset of the
source data containing plural titles within a defined time
period,-and how the selected source data is reassemblea to
reproduce the scenario (sequence) intended by the user. The
10 scenario data St7 of the DVD encoder ECD, however, further
contains such information as: the number of streams contained
in the editing 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
W 15 contained in each stream, and the sub-picture display time and
period; whether the title is a multi-rated title enabling
parental lock control; whether the user content.is selected
from plural streams including, for example, multiple viewing
angles; and the method of connecting scenes when the angle is

20 switched among the multiple viewing angles.

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

25 there are multiple angles or parental control features. When



15 file data structure FDS conprises n-mlogic sectors LS #m+l

to LS #n. Note that this file data structure area FDS
corresponds to the nultinmedia bitstream MBS shown in Fig. 1 and
descri bed above. 20 The volune file structure VFS is the
file systemfor managi ng the data stored to the volune space VS
as files, and Is divided into logic sectors LS#0 - LS#Em where m
is the nunber of sectors required to store all data needed to
manage : the entire disk, and is a natural nunber |ess than n.

25 Information for the files stored t~o/khe file data structRCEIP6/02798
-51 - PCT/ JP96/ 02798 area FDS is witten to
the volune file structure VFS according to a known specification
such as 1 SO 9660 or | SO 13346. The file data structure
area FDS conprises n-mlogic sectors LS#m - LS#n, each conprising

a video manager VMG sized

multiple angle viewing 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 times

of each control, and whether a seamless connection should be
5 made between the preceding and following stréams.

The encoding system controller 200 extracts this
information from the scenario data St7, and generates the
encoding information table and encoding parameters required
for encoding control. The encoding information table and

10 encoding parameters are described.with reference to Figs. 27,
28, and 29 below.

The stream encoding data St33 contains the system
stream encoding parameters and system encoding start and end
timing values required by the DVD system to generate the VOBs.

15 These system stream encoding parameters include the conditions
for connecting one wvideo object VOB with those before and
after, the number of audio streams, the audio encoding
information and audio Ids, the number of sub-pictures and the
sub-picture Ids, the video playback starting time information

20 VPTS, and the audio playback starting time information APTS.

The title sequence control signal St39 supplies the
multimedia bitstream MBS formatting start and end timing
information and formatting parameters declaring the

reproduction control information and interleave information. .



5 to an integer multiple of the logic sector (2048 x |, where
| is a known integer), and k video title sets VIS #1 - VIS#k

(where k is a natural nunber |ess than 100). The vi deo
manager VMG stores the title managenent i nformation for the
entire disk, and information for building 10 a volunme nmenu used to
set and change reproduction control of the entire vol une.

Any video title set VIS #k is also called a "video file"
representing a title conprising video, audio, and/or still e
data. 15 The internal structflure of each V|deot¢R¢¥ﬂE%@@%W%

shown in Fig. 22 is shown in Fig. 16. Each video title set

conprises VIS information VTSI describing the managenent

information for the entire disk, and the VIS title video obj ect s
VOB (VTSTTVOBS), i.e., the systemstreamof the 20 mul ti nmedi a
bitstream The VIS information VTSI is described first bel ow,
followed by the VIS titl eRBdEB8 on the video encodingTpardhSternf andaencording

primarily includes the VTSI managenent table VTSI MAT and VTSPGC
i nformati on tabbtart/end timyfg BGENAElL St9, the video encoder 300 encodes a
specific part of the video stream Stl to generate an
elementary stream conforming to the MPEG2 Video standard
5 defined in ISO-13818. This'elementary stream is output to the
video stream buffer 400 as encoded video stream Stl5.

Note that while the videé encodexr 300 gene;ates an
elementary stream conforming to the MPEG2 Video standard
‘defined in IS0-13818, specific encoding parameters are input

10 via the video encoding parameter signai St9, including the
encoding' start and end timing, bit. rate, the encoding
conditions forlthe encoding start and end, the material type,
including whether the material is an NTSC or PAL video signal
or telecine converted material, and whether the encoding mode

s 15 is set for either open GOP or closed GOP encoding.

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

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

25 is called a group_of_pictures GOP.
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managenent table VTSI _MAT stores such I nformati on as the internal
structure of the video title set VTS, the nunmber of selectable
audi o streans contained in the ~video title set VTS, the nunber of
Sub-pictures, and the video 5 title set VIS |ocation (storage
addr ess). The VTSPGC i nformation table VISPGCIT records
[ (where i is a natural number) program chain (PGC) data bl ocks
VTSPCGCI #1 - VIS PGCl #i for controlling the playback sequence.
Each of the table entries VIS PGCl #i is-%data 10 ent rRCEXNPPEO2TIRY
the program chain, and conprises j (where | I's a natural nunber)
cell playback information bl ocks C _PBI #1 - C PBlI #j. Each cell
pl ayback i nformati-on bl ock C PBI # contai ns the playback
sequence of the cell and pl ayback control information. 15
The program chain PGC is a conceptual structure ~ describing the
story of the title contenta grtifh IdeSf@hfres GoP in WR{iEResoBRAgSHEUE IR
of each title by describing the cell pl ayback sequence. Note that
these cells arecdmpleitedy iwithin that GOP is known as a "closed GOP." A
group_of_pictures GOP containing a frame coded with reference
to a frame in a preceding or following (ISO-13818 DOES NOT
_ 5 LIMIT P- and B-picture CODING to referencing 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 preceding the open
10 GOoP.

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 special

N 15 reproduction modes. High speed reproduction can be achieved
in such cases by reproducing only the int.ra—frame coded frames
in a GOP or by reproducing only frames in GOP units.

Based on the sub-pictuie stream encoding parametex
signal Stl1ll, the sub-picture encoder 500 encodes a specific

20 part of the sub-picture stream St3 to generate a variable
length coded bitstream of bitmapped data. This wvariable
length coded bitstream data is output as the encoded
sub-picture stream St17 to the sub-picture stream buffer 600.

Based on the audio encoding parameter signal St13,

25 the audio encoder 700 encodes a specific part of the audio



detail bel ow
i nformati on

20 If, for exanple, the video title set
relates to the nenus, the video title set

i nformation VTSI is stored to a buffer in the playback device

when pl ayback

starts. If the user then presses a MENU button on

a renote control device, for exanple, during playback, the

pl ayback 25 device references the buffer to fetch the nenu

i nformati on and : -53 -

PCT/ JP96/ 02798 di splay the top nenu #1. If the nenus are
hierarchical, the mai n menu st-of¥ed as program chai n PCT/APYH02798

VTSPGCl #1 may
but t on,

be di spl ayed, for exanple, by pressing the MENU
VTS PGCl #2 - #9 may correspond to submenus accessed

usi ng the 5 nuneri c keypad on the renote control, and VIS PGCl #10

and h

I gher may correspond to additional subnenus further down the

hi erarchy. Alternatively, VISPGCI #1 may be the top nenu

di spl ayed by pr

strean She WENgeheirbes, thbi bAcYASBCELAES dada. This encoded
audio data may be data based on the MPEGl audio standard
defined in ISO-11172 and the MPEG2 audio standard defined in
IS0-~-13818, AC-3 audio data, or PCM (LPCM) data. Note that the
méthods_and means of encoding audio data according to these
standards are known and commonly available.

The video stream buffer 400 is connected to the

‘video encoder 300 and to the encoding system controller 200.

s
o
10
o 15
20
25

The video stfeam buffer 400 stores the encoded video stream
St1l5 input from the video encoder 300, and outputs the stored
encoded video stream Stl1l5 as the time-delayed 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 encoding
system controiler 200. The sub-picture stream buffer 600
stores the encoded sub-picture stream Stl7 input from the
sub-picture encoder 500, and then outputs the stored encoded
sub-picture stream St17 as time-delayed encoded sub-picture
stream St29 based on the timing signal St23 supplied from the
encoding system controller 200. |

The audio stream buffer 800 is similarly connected
to the audio encoder 700 and to the encoding system controller
200. The audio stream buffer 800 stores the encoded audio

stream St19 input from the audio encoder 700, and then outputs



hi gher may be voi ce gui dance reproduced by pressing the 10
correspondi ng nuneric key. The nmenus thensel ves are
expressed by the plural program chains defined in this table. As
a result, the nenus ~ may be freely constructed in various ways,
and shall not be limted to hierarchical or non-hierarchica

mMenus or nenus

15 cont ai ni ng voi ce gui dance. I n

the case of a novie, for exanple, the video title set
information VTSI is stored to a buffer in the playback devi ce
when pl ayback starts, the playback devi ce74ef erences PCTHR96/6R2798
pl ayback sequence descri bed by the program chain PGC, 20 and
reproduces the system stream The "cel |l s" referenced

here may be al

or part- of the system stream and are used as

access points during : ~playback. Cells can therefore be used, for

exanpl e, as the
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"chapters” into which a title may be divi ded.
the eR€ddd®96MIAOEtream St19 as the time-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 wvideo
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 encoded
video stream St27, time-delayed encoded sub-picture stream
St29, time-delayed encoded audio stream St31, and the system
stream encéding pafameter data St33. Note that the system
encoder 900 is a multiplexer that multiplexes the time—délayed
streéms St27, St29, and St31 based on the stream encoding data
St33 (timing signal) to generate title editing units (VOBs)
st35. |

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 title sequence control signal
St39 to generate one video zone VZ, and adds the volume file
structﬁre VFS to generate the edited multimedia stream data
St43. '

The multimedia bitstream 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 of the



Note that each of the PGC information entries CPBI #] contain both
cel l. playback processing information and a cell information table.
The cell playback processing i nformati on conprises the processing
i nformati on needed to 5 reproduce the cell, such as the presentation
ti e and nunber of repetitions. More specifically, this information
I ncl udes the cell block node CBM cell block type CBT, seanl ess

pl ayback flag SPF, interleaved allocation flag | AF, STC resetting
flag STCDF, cell presentation tine CPBTM seanless 10 angl e change
flag SACF, first cell VOBU start addisess C_FVOBUSARCHMRPE6/62798
| ast cell VOBU start address CLVOBUSA. Not e that

seanl ess playback refers to the reproduction in.a digital video
di sk system of nultinedia data i ncluding video, audio, and
sub-picture data wthout 15 intermttent breaks in the data or

I nformati on. Seanl ess pl ayback is described in detail in another

section bel ow WréBording mé@iehaMCarndthus. redopds tid fotthatted data stream
The cell bl ock node CBM i ndi cates whet her pl ur al cells constitute

one functional Steskto theereebldihaykagkum?2fi. information of each cell
in a functional block is arranged consecutively in the PGC
i nformati on. ThEVRedecbferk node CBM *of the first cell playback
information in this sequence contains the value of the first cell in
the bl ock, and the A preferred embodiment of a digital wvideo disk
5 system authoring decoder_DCD in which the multimedia bitstream
authbring 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 the digital wvideo
disk system, referred to below as a DVD decoder DCD, decodes
10 the multimedia bitstream MBS edited using the DVD encoder Ecb
of the present invention, and recreates the content of each
title according to the user-defined scenario. It will also
be obvious that the muitimedia bitstream St45 encoded by this
DVD encoder ECD is recorded to a digital video disk medium M.
s 15 | The basic configuration of the DVD decoder DCD |
according to this embodiment is the same as that of the
authoring decoder DC shoWn in Fig. 3. The differences are
that a different video decoder 3801 (shown as 3800 in Fig. 26)
is used in place of the video decoder 3800, and a reordering
20 buffer 3300 and selector 3400 are disposed between the video
decoder 3801 and synthesizer 3500. .
Note that the selector 3400 is conhected to the

synchronizer 2900, and is controlled by a switching signal

St103.



cell block node CBM of the |ast cell playback information in 25 this

sequence contains the value of the last cell in the

-55 - PCT/ JP96/ 02798 bl ock. The cell bl ock node
CBM of each cell arrayed between these first and last cells contains
a val ue indicating that the cell is a cell between these first and

| ast cells in that bl ock. 5 - The cell bl ock type CBT
identifies the type of the bl ock indicated by the cell block node
CBM For exanpl e, when a multiple angle function is enabled, the
cell information correspondi ng ta pgch of the reproduciptpIpoeIHE®s S
pr ogr ammed as one of the functional blocks nentioned above, and the
type 10 of these functional blocks is defined by a value identifying
"angle" in the cell block type CBT for each cell in that ' bl ock

The seamnl ess pl ayback flag SPF sinply indicates

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

As shown in Fig. 26, the DVD decoder DCD comprises

5 a multimedia bitstream producer 2000, scenario selector 2100,
decoding system controller 2300, stream buffer 2400, system
decoder 2500, video buffer 2606, sub-picture buffer 2700,
audio buffer 2800, synchronizér 2900, video decoder 3801,
reordering buffer 3300, sub-picture decoder 3100, audip

_10 decoder 3200, selector 3400, synthesizer 3500; video data
output terminal 3600, and audio data output terminal 3700.

The bitstream producer 2000 comprises a recording
media drive unit 2004 for driving the recording medium M; a
'reading head 2006 for reading the information recorded to the

w15 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 bitstream Sté1l; and a
reproduction controller 2002.

The reproduction controller 2002 is connected to the

20 decoding system controller 2300 from which the multimedia

bitstream reproduction control signal'St53 is supplied, and

in turn generates the reproduction control signals St55 and

St59 respectively éontrolling the recording media drive unit

(motor) 2004 and signal processor 2008.



whet her the corresponding cell is to be |linked and played back 15
seam essly with the cell or cell block reproduced i medi ately

t herebefore. To seanl essly reproduce a given cell with the pr ecedi ng
cell or cell block, the seanl ess playback flag SPF is set to 1 in
the cell playback information for that cell; otherw se SPF is set to
0. 20° The interleaved allocation flag | AF stores a val-ue

i dentifying whether the cell exists in a contiguous or i nterl eaved
block. If the cell is part of an interleaved : bl ock, the flag I AF is
set to 1; otherwise it is set to O. -77 - The STC PESZIRI6M2798ag

STCDF identifies whether the 25 systemtinme clock STC used for
synchroni zation nmust be reset

_56 - PCT/ JP96/ 02798 when the cell is played
back; when resetting the systemtine clock STC is necessary, the
STC resetting flag STCDF is set to |.

So that the user-defined wvideo, sub-picture,'and
audio portions of'the multimedia title edited by the authoring
encoder EC are reproduced, the authoring decoder DC comprises
a scenario selector 2100 for selecting and reproducing the

5 corresponding scenes (titles). The scenaf&o selector 2100
then outputs the selected titles as scenario data to the DVD
decoder DCD.

The scenario selector 2100 preferably comprises a
keyboard, CPU, and monitor. Using the keyboard, the user then

10 inputs the desired scenario based on the content of the
scénario input by the DVD encoder ECD. Based on the keyboard
input, the CPU generates the scenario selection data St51
specifying the selected scenario. The scenario selector 2100
is connected to the decoding system controller 2300 by an

N ] infraréd communiéations device, for example, and inputs the
generated scenario selection data St51 to the decoding system
controller 2300.

The stream buffer 2400 has a specific buffer
capacity used to temporarily store the reproduced'bitstream

20 St61 input from the bitstream producer 2000, extract the
volume file structure VFS, the initial synchronization data
SCR (system clock reference) in each pack, and the VOBU
control information (DSI) in the navigation pack NV, to
generate the bitstream control data St63. The stream buffer

25 2400 is also connected to the decoding system controller 2300,



The seamnl ess angl e change flag SACF stores a val ue 5 I ndi cating

whet her a cell in a multi-angle period should be connect ed

seanl essly at an angle change. If the angle change i s seanl ess,

t he seanl ess angl e change flag SACF is set to 1; otherwise it . is
set to O. The cell presentation tinme C_PBTM expresses
t he cell 10 presentation tinme with video franme precision.

The first cell VOBU start address C FVOBU SA is the VCBU start
address of the first-cell in a block, and is al so ressed as
the distance fromthe |ogic sector of the7§trst eII CB/IPAe/0Y798
title VOBS (VISTTVOBS) as neasured by the 15 nunber of sectors.

The last cell VOBU start address C_ LVOBUSA is the 'VOBU start
address of the last cell in the block. The val ue of this address
I s expressed as the distance fromthe logic sector of the first
cell in the VIStitle VOBS (VTISTTVOBS) 20 as neasured by the nunber
of sectors. to which it suppliles #tHS genetlratedORS tgBFAeEH VEBBEroli data
t he mul ti medi a system stream data, is described next. The system
stream data VTS®¥UBRS conprises i (where i is a natural nunber)
system streans SS, each of which is referred to as a 25 "vi de

obj ect" (VOB). Each vi &35} & thepsgenarjopsgilection data St51 Supplled _

by the scenario selector 2100, the decoding system controller
5 2300 then generates the bitstream reproduction control signal
St53 controlling the operation of the 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
10 information table required for decoding control. This
decoding information table is describéd further below with
reference to Figs. 45 and 46. 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
N 15 bitstream control data St63 to generate the title information
signal St200. Note that the extracted title information
includes the video manager VMG, VTS information VTSI, the PGC
information entries C_PBI #j, and the cell presentation time

C_PBTM.

20 - Note that the bitstream control data Sté3 is
generated in pack units as shown iﬁ Fig. 19, and is supplied
from the stream buffer 2400 to the decoding system controller
2300, to ﬁhich the stream buffer 2400 is connected.

The synchronizer 2900 is connected to the decoding’

25  system controller 2300 from which it receives the system clock
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vi deo data block interleaved with up
data bl ocks and up to a maxi num 32 .

PCT/ JP96/ 02798 conprises at |east one
to a maxi mum ei ght audio
sub- pi cture data bl ocks.

Each vi deo object VOB conprises q (where q is a 5 nat ural nunber)
cells C#l - CHq. Each cell C conprises r (where r is a natura
nunber) video object units VOBU #1 - VOBU #r .

Each vi deo object unit VOBU conprises plural groups of pi ctures
GOP, and the audi o and sub-pictures 10 correspondi ng to t he

pl ayback of said pl ur al groupsof pi ctures GOP. POTAPO6GOR79%e
gr oupof pi ctures 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. 15 The
structure of the navigation packs NV is described with

reference to Fig. 18.
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reference SCR contained in the synchronization control data
St8l 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 decodihg system
controller 2300 also generates the stream read signal Sté5 at
a specific interval and outputs the read signal Sté5 to the
stream buffer 2400. Note that the read unit in this case is
the pack.

The method of generating the stream read signal Sté65
is described next. |

The decoding system controller 2300 cdmpares the
system clock reference SCR contained in the stream control
data extracted from the stream buffer 2400 with the system
clock St79 supplied from the synchronizef 2900, andlgenerates
the read request signal St65 when the system clock St79 is
greater than the system clock reference SCR of the bitstream
control data St63. Pack transfers are controlled by executing
this control process on a pack unit.

Based on the scenario selection data St51, the
decoding system controller 2300 generates the decoding éignal
St69 defining the stream Ids for the video, sub-picture, and
audio bitstreams corresponding to the selected scenario, and
outputs to the system decoder 2500.

When a title contains plural audio tracks, e.qg.,

audio tracks in Japanese, English, French, and/or other



Before descri bi

ng the navigation pack NV, the .nternal structure
of the video zone VZ (see Fig. 22), i.e., the system stream St 35
encoded by the authoring encoder EC 20 described with reference to
Fig. 25, 1is described with reference to Fig. 17. Not e t hat
t he encoded vi deo stream StI5 shown in Fig. 17 is the conpressed
one- di nensi onal vi deo data stream encoded by the video encoder
300. The encoded audio stream St19 is |likew se the conpressed
one- di nensi onal 25 audi o data streammnmultiplexing the right and |eft
stereo audi o - 80 - - 58 PCT/IP96/02798

PCT/ JP96/ 02798
Note that the

channel s encoded by the audi o encoder 700.
audi o signal shall not be limted to a stereo

signal, and may ' al so be a nultichannel surround-sound signal
The system stream (title editing unit VOB) St35is - 5 a one
di nensional array of packs wth a byte size correspondi ng

to the logic SeEéﬁQﬁaéSs#ndﬁ&”ﬁﬂuﬁa?oéﬁmhﬁﬁ%ture tracks for subtitles in
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Japanese, English, French, and/or other languages, for
example, a discrete ID is assigned to each of the language
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, .1inear PCM data, and navigation pack NV
information. While the user need never be aware of these ID
numbers, the user can select the language of the audio and/or
subtitles using the scenario selector 2100. 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 St51. The decoding
system controller 2300 then adds this ID to thefdecéding
signal St69 output to the system decoder 2500.

Based on the instructions contained in the decoding
signal Sté69, the system decoder.2500 respectively 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
St75. Thus, when the stream ID input from the scenario
selector 2100 and the pack ID input from the stream buffer

2400 match, the system decoder 2500 outputs the corresponding



capacity as described using Fig. 21. A streamcontrol pack S

placed at the beginning of the title editing unit (VOB) St 35,
i.e., at the beginning of the video obj ect unit VOBU. 10 This stream
control pack is called the "navigation pack NV, and records the
data arrangenent in the system stream and ot her contro

I nformati on. ~ The encoded video stream St15 and the
encoded audi o stream St19 are packetized in byte units
corresponding to the 15 system stream packs. These packets are shown
in Fig. 17 as packets V1, V2,.8Y3, V4... and A, A2PCAZIP96/02398
shown -in Fig. 17, these packets are interleaved in the
appropri ate sequence - as systemstream St35, thus formng a
packet stream wth consideration given to the decoder buffer
size and the tine 20 required by the decoder to expand the video and
audi o data : packets. In the exanple shown in Fig. 17, the packet
stream packs tOlHd b BuTeesanqe ¥1, VYie $ de¥3bu¥erA2600,
Not e that the sequence shown in Fig. 17 i nterl eaves one vi deo
data unit wth gue-pudtardabariart 2760gnahdcaudiy buffé@b 2800hcreased

recor di ng/ pl ayback capacity, hi gh speed

The system decoder 2500 detects the presentation
time stamp PTS and decoding time stamp DTS of the smallest

5 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
system controller 2300 as the synchronization control data
St8l.

10 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 correct
sequence after decoding, and then generates and inputs the

video stream decoding start signal St89 to the video decoder

. 15 3801 based oﬁ this decoding timing. The synchronizer 2900

also generates and supplies the sub-picture decoding start .
signal St91 and audio stream decoding start signal St93 to the
sub-picture decoder 3100 and audio decoder 3200, respectively.
The video decoder 3801 generates the video output
20 request signal St84 based on the video stream decoding start
signal St89, and outputs to the video buffer 2600. In
response to the wvideo 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

25 time information contained in the video stream St83, and



-59 - PCT/ JP96/ 02798 recor di ng/ pl ayback, and
performance i nprovenents in the signal processi ng LSI enable the DVD
systemto record plural audio data and plural sub-picture data
(graphics data) to one video data unit in a single interleaved MPEG
system stream and 5 t hereby enable the user to select the specific
audi o data and sub-picture data to be reproduced during playback.
The structure of the systemstreamused in this type of DVD system
is showmn in Fig. 18 and descri bed bel ow As in Fig. 17,

t he packetized encoded video stream 10-82-St15 is shown in HH?THEQQQQNE
V2, V3, V4, In this exanpl e, however, there is not just one
encoded audi o stream St19, but three encoded audi o streans St 19A,
St19B, and St19C i nput as the source data. There are also two
encoded sub-picture streans Stl7A and St17B i nput as the source data
15 sub-pi cture streans. These six conpressed data streans, Stl5,

St 19A, St19B, S§i88b18k17Re anikd&d IARput erddiiewyt edepdll Std4 when then@éagth
system stream St 35. The video data is encoded according to
t he MPEG ofperhd i amidedived t ridee gstorgawf SEiBSt uies NP tmleRt t ke uishe
20 of conpression. In general, each group _of pictures GOP
specified presentation time. A video stream equal in length
to the specified presehtation time is thus decoded by_the
5 viaeo decoder 3801, which outputs the reproduced video signal
St95 to the rebrderiﬁg buffer 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 necessafily match on a frame unit basis.
10 The-video cannot, therefore, be displayed in the decoded
| order. The decoded frames are therefore temporarily stored
to the reordering buffer 3300. The synchronizer 2900
therefore controls the switching signal St103 so that the
reproduced video signal St95 output from the video decoder
15 3800 and the reordering buffer output St97 are appropriately
selected and output in the display order to the synthesizer
3500. | |
The sub-picture decoder 3100 sifnilarly generates the
sub-picture output request signal St86 based on the
20 éub-picture decoding start signal St91, and outputs to the
sub-picture buffer 2700. In response to the sub-picture
output request signai 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

25 in the sub-picture stream St85, the sub-picture decoder 3100



contains 15 franes in the case of an NTSC signal, but the specific
nunber of franes conpressed to one GOP is variable. The stream
managenent pack, which describes the nmanagenent data containing, for
exanpl e, the rel ationship between 25 interl eaved data, is also
interleaved at the GOP unit '

- PCT/ JP96/ 02798 I nterval . Because the
group_of pictures GOP unit is based on the video data, changing the
nunber of video franmes per GOP unit changes the interval of the
stream nmanagenent packs. This inte8dal is expressed i n REFABI@02798
presentation time 5 on the digital video disk within a range fromO0.4
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
managenent data packs for the video data of the plural GOP units is
interleaved to a single stream 10 These managenent data
packs are referdedotiesaa length of the sub-picture stream St85 corresponding

- 60

to the specified presentation time to reproduce and supply to
the synthesizer 3500 the.sub—picture signal St99.
The synthesizer 3500 superimposes the selector 3400
5 output with the sub-picture signal S£99 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 St88 based
on the audio stream decoding start signal St93. The audio
10 - buffer 2800 thus oﬁtputs the audio stream St87 to the audio
decoder 3200. The audio decoder 3200 decodes a length of the
audio stream St87 corresponding to the specified presentation
time based on the presentation time information contained in
the audio stream St87, and outputs the decoded audio stream
. 15 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
user-defined scenario. More specifically, each time the user
selects a different scenario, the DVD decoder DCD is able to
20 reproduce the title content desired.by the user in the desired
sequence ' by reproducing the. multimedia Dbitstream MBS
corrésponding to the selected scenario.
It should be noted that the decoding system
controllexr 2300 may supply the title information signal St200

25 to the scenario selector 2100 by means of the infrared



navi gation packs NV in the digital video disk system The" data from
one navi gation pack NV to the packet immediately precedi ng the next
navi gati on pack NV forns one video object unit VOBU. In general, one
contiguous playback unit that can 15 be defined as one scene is called
a video object VOB, and each vi deo obj ect VOB contains plural video
obj ect units VOBU. Data sets of plural video objects VOB forma VOB
set (VOBS). Note that these data units were first used in the

di gi tal vi deo disk. 20 When plural of these data
streans are interleaved, t he navi-g8& + on packs NV def i niRQGrAPR6/02798
rel ati onshi p between the I nterl eaved packs nust al so be interl eaved
at a defined unit known as the pack nunber uni't. Each groupof
pictures GOP is normal [y a unit containing approximately 0.5 sec. of
video 25 data, which is equivalent to the presentation tinme required
-61 - PCT/ JP96/ 02798

communications device mentioned above or another means.
Interactive scenario selection controlled by the user can also |
be made possible by the scenario selector 2100 extracting the
title information recorded to the optical disk M from the file
_ 5 data structure area FDS of the bitstream control data Sté63
- contained in the title information signal St200, and
displaying this title information on a display for user
selection. .
Note, further; that the stream buffer 2400, video
10 buffer 2600, sub-picture buffer 2700, audio buffer 2800, and
reordering buffer 3300 are expressed above and in the figures .
as separate entities because they are functionally different.
It will be obvious, however, ﬁhat a single buffer memory can
be controlled to provide the same discrete functionality by
— 15 time-share controiled use of a buffer memory with an operating
épeed plural times faster than the read and write rates of
these séparate buffers.
Multi-scene control
The concépt of multiple angle scene control
20 according to the present invention is described below with
refereﬁce to Fig. 21. As described above, titles that can be
played back with numerous variations are constructed from
basic scene periods containing dafa common to each title, and
multi—séene periods comprising groups of different scenes

25 corresponding to the various scenario requests. In Fig. 21,



for 12 - 15 franes, and one navigation pack NV is generally

interl eaved with the nunber of data packets required for this _
presentation tinmne. The stream managenent infornation
contained in the 5 i nterl eaved video, audio, and sub-picture data
packet s constituting the systemstreamis described below with
reference to Fig. 19. As shown in Fig. 19, the data contai ned in the
system streamis recorded in a format packed or packeti zed accordi ng
to the MPEQ st andard. The packet 10 structure is essentially the
sane for video, audio, and sub-q8%xture data. One packPCTVIP96/02798
digital video disk system has a 2048 byte capacity as descri bed
above, and contains a pack header PKH and one packet PES; each
packet PES contai ns a packet header PTH and data bl ock. 15

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

i.e., the systepgtehegk1r,efsgr e 8SE@Fe the colfiddi send® 6£f €he€NBasitMBckole
synchroni zed audi o-vi sual data pl ayback. The MPEG st andard assunes

t hat the systenpelriolds.20The weleieanglSCGRéned hparnglies ance ,clamek 3) obethveen
entire decoder operation. Wth such disk nedia as the digital video

di sk, howeenes i mmdménagedethesperehialt dockddvisdenksdi(skepesy ér and

can be used, -and a reference clock for the decoder systemis
7) between scenes 5 and 8, are the multi-scene periods.

5 Scenes taken from different ahgles, i.e.,.angles 1,
2, and 3 in this example, can be dynamically selected and
reprodﬁced during playback in the multi-angle scene period.
In the parental locked scene period, however, only one of the
available scenes, scenes 6 and 7, having different content can

10 be selected, and must be gelected statically before playback
begins.

Which of these scenes from the multi-scene periods
is to be selected and reproduced is defined by the user
operating the scenario selector 2100 and thereby generating

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

the user can freely select any of the multi-angle scenes, and
scene 6 has been éreselected for output in the parental locked
scene period. Simiiarly in scenario 2, the user can freely
select any of the multi-angle scenes, and scene 7 has been
20 preselected for output in the parental locked scene period.

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 shown with respect to a VTSI data construction.

25 The scenario 1 and scenario 2 shown in Fig. 21 are described



t herefore separ

ately provided. -
PCT/ JP96/ 02798 The packet
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header PTH simlarly contains a presentation time stanp PTS and
a decoding tine stanp DTS, bot h of which are placed in the packet
before the access unit (the decoding unit). The presentation tine

stanp PTS defines 5 the time at which the video data or audi o data

contained in
after being
time at
presentation ti

t he packet shoul d be output as the playback output
decoded, and the decoding tinme stanp DTS defines the
whi ch the video stream sho8d be decoded. Not BCTHRP6/402298

me stanp PTS effectively defines the display 10 start

timng of the access unit, and the decoding tinme stanp DTS
effectively defines the decoding start timng of the access unit. If
the PTS and DTS are the sane tinme, the DTS s omtted.

The packet head

\ 5
10
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er PTH al so contains an 8-bit field S
as program chain information VTS_PGC#1 and VTS_PGCH#2.

VTS_PGC#l describing the scenario 1 consists of cell playback
information C_PBI#l1 corresponding to 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, C_PBI#6 corresponding to scene 6,
and C_PBI#7 corresponding to scene 8.

VTS _PGCI#2 describing the scenario 2 consists of
cell playback information C_PBI#l1 corresponding to scene 1,
C_PBI#2, C_PBI#3, and C_PBI#4 within a multi-angle cell block
corresponding to a multi-angle scene, C;PBI#S corresponding
to scene 5, C_PBI#6 corresponding to scene 7, and C:PBI#7
corresponding to scene 8. According to the digital wvideo
system data structure, a scene which is a-éontrol 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 data
construction VTSTT VOBS. As specifically shown in Fig. 31,
the twé scenarios 1 and 2 use the same VOB data in common.
With respect to a single scené .commonly owned by each
scenarié, VOB#1 corresponding to scene 1, VOB#5 corresponding
to scene 5, and VOB#8 corresponding to scene 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



15 called the streamID identifying the packet type, i.e.

whet her the packet is a video packet containing a video data stream
a private packet, or an MPEG audi o packet. Private packets
under the MPE& standard are data packets of which the content can
be freely defined. Private 20 packet 1 in this enbodi nent of the

I nvention is used to carry audi o data ot her than the MPEG audi o
data, 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, 83nd data area. The PCOIVE96/02308
25 area contains an 8-bit sub-stream |ID indicating whether the

-63 - _ PCT/ JP96/ 02798 recorded data is audio data
or sub-picture data. The audio data defined by private packet 2 may
be defined as any of ei ght types #0 - #7 of |linear PCMor AC 3
encoded data. - Sub-picture data may be defined as one of up to 32

types #0 a single VOB. Specifically speaking, angle 1 is constructed
by VOB#2, and angle 2 is constructed by VOB#3, angle 3 is
constructed by VOB#4. Thus constructed multi-angle data is
formed as the interleaved block for the sake of switching
5 .between each angle and seamless reproduction of each angle
| data. Scenes 6 and 7 peculiar to scenarios 1 and 2,
respectively, are formed as the interleaved block for the sake
of seamless reproduction between common scenes before and
behind thereof as well as seamless reproduction between each

10 scene.

As described in the above, the usef's requesting
scenario shown in Fig. 21 can be realized by utilizing the
video title playback eontrol information shown in Fig. 30 and
the title playback VOB data structure shown in Fig. 31.

w 13 Seamless plavback |
The seamless playback capability briefly 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
20 multimedia data including video, audio, and sub-picture data
without intermittent breaks in 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

25 playback of this data and title content include decoder



5 - #31. The data area is the field to which data

conpr essed according to the MPEQ specification is witten if the
stored , data is video data; linear PCM AC- 3, or MPEG encoded data is
witten if audio data is stored; or graphics data conpressed 10 by

runl ength coding is witten if sub-picture data is stored.

MPER2- conpressed vi deo data may be conpressed by constant bit rate
(CBR) or variable bit rate (VBR) coding. Wth constant bit rate
coding, the video streamis input continuously to the video buffer
at a constant rate. This 15 contrast88 with variable bit rRCEIPGI02798 n
whi ch the video : streamis input intermttently to the video buffer,

t her eby making it possible to suppress the generation of unnecessary
code. Both constant bit rate and variable bit rate coding can be
used in the digital video disk system 20 Because MPEG vi deo
data is conpressed with variable | ength coding, the data quantity in

each groupof pighaeeg16 i.e., anS iM¥alGoRd Bhtween NENY i S8@ré8ddatdi @nput
decoding tinmes al so differ, .and the tine-base relationship between

the video and speed andi ehdatiactdadgt speedn ofpthealingutk soartel data.
ti me-base 25 rel ati onshi p between the video and audi o data out put from
t he Other factors relate to the properties of the
playback data. When the playback data is data that must be
5 continuouély reproduced for a constant time unit in ordex for
the user to ﬁnderstand.the content 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 continuity is assured is
10 referred to as "contiguous information reproduction," or
"seamless information reproduction." Reproduction of this
information when the'fequired continuity cannot be assured is
referred to as "non-continuous information reproduction," or
"non-seamless information reproduction." It is obvious that
W 15 continuous information reproduction and non-continuous
information reproduction are, respectively, éeamless and
noﬁ-seamless reproduction.
Note that seamless reproduction can be further
categorized as seamless data reproduction and seamless
20 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 information
reproduction is defined as preventing apparent interruptions

25 in the information when perceived by the user (intermittent



-64 - PCT/ J96/ 02798 “decoder, do not match. The
nmet hod of ti ne-base synchroni zi ng the video and audio data is

t herefore described in detail ~belowwith reference to Fig. 26, but
is described briefly bel ow based on constant bit rate coding. 5
The navi gation pack NV structure is shown in Fig. 20. Each

navi gation 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 the
buf fer 2400 10

time at which that pack is to be sent from stream
to system decoder 250089see Fig. 26 ), i.e. PCTARI6/02788n

cl ock reference SCR defining the reference tine for synchroni zed
audi o-vi sual data pl ayback. Each PCl packet contai ns PC
General |Information (PCQd) and Angle Information for Non-sean ess

pl ayback 15

(NVBL AGLI). : The PCl General |nfornmation

(PClAd) declares the display tinme of the first video frane (the
Start PTM of VORitesentat (o )BUSRT Mecogmickiirre ioifopdnant itonmef mdm tthe |plstyback

vi deo frane

-data where there are no-actual.physical breaks in the data

e
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reproduction.
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

The DVD data system streams described above afe
recorded using an appropriatg authoring encoder EC as a movie
or other multimedia title on a DVD recording medium. Note
that the following description refers to a movié as the
multimedia title being processed, but it will be obvious that
the invention shall not be so limited.

Supplying a éingle movie in a format enabling the
movie to be used in plural different cultural regions or
coﬁntries requires the script to be recorded in the various
languages used in those regions or countries. It may even

necessitate editing the content to conform to the mores and

moral expectations of different cultures. Even using such a

large-capacity storage system as 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 single
common source title are recorded to a single disk. This

problem can be solved by recording the common parts of plural



(End PTM of VOBU (VOBU E PTM), in the corresponding video 20 obj ect

unit VOBU with system cl ock precision (90 Khz). The Angl e
I nformation for Non-seamn ess pl ayback (NVMSLAGLI) -states the read
start address of the corresponding vi deo object unit VOBU when the
angl e i s changed expressed as t he nunber of sectors fromthe

begi nni ng of the video object 25 VOB. Because there are nine or fewer
angles in this exanple, ' . -65 -
PCT/ JP96/ 02798 ' there are nine angl e address decl aration
cells: Destination Address of -t e Cell #1 for Non-REBHIPUIE2798
pl ayback (NVBLAGL_C _DSTA) to Destination Address of Angle Cel
#9 for Non- seam ess pl ayback (NVSLAG._C9 DSTA). 5

Each DSI packet contains DSI General |nformation (bsld),

Seam ess Pl ayback Information (SMLPBI), and Angle I nf or mati on
for Seaml ess playback (SM.AGLI). The DSI -Gener al

| nf or mati on (DStEtledeﬁhBye@nééwfand.recording the segments different in each

U
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title for each aifferent title ‘only. This method makes it
possible to record plural titles fof different countries or
cultures to a single optical disk without 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 séene periods of scenes common to
all scenarios, and multi-scene periods containing scenes
specific to certain scenarios, to provide parental 1lock
control and multi;angle scene control functions.

In the case of the parental lock control function,
titles containing sex sceneé, violent scenes, or other scenes
deemed unsuitable for children, i.e., so-called "adult
gcenes," 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 basic scene periods.

Multi-angle control can be achieved in a
conventional single-angle title by recording plural multimedia
scenes obtained by recofding the subjects ffom the dgsired
plural camera angles to the multi-scene periods arrayed
between the common basic scene periods. Note, however, that
while these plural 'scenes are described here as scenes

recorded from different camera angles (positions), it will be

~obvious that the scenes may be recorded from the same camera



address of the last pack in the video object unit VOBU, i. e., 10

the End Address for VOB (VOBUEA), expressed as the nunber of

sectors fromthe begi nning of the video object unit VOBU.

Wi | e seamn ess pl ayback is described in detail | ater, it should
be noted that the continuously read data units nust be

interl eaved (nmultiplexed) at the systemstream 15 | evel as an
interleaved unit ILVU in order to seanlessly reproduce split or
conbined titles. Plural system streans - interleaved with the
interleaved unit ILVU as the smallest _g9gf.- uni t are def ipgerIPS6/60798
I nterl eaved bl ock. The Seamnl ess Pl ayback I nformation

( SMLPBI)

is

20 decl ared to seam essly reproduce the stream

interl eaved with the interleaved unit ILVU as the snuall est data

unit,

an
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contains an Interleaved Unit Flag (ILVU fl ag)
whet her the correspondi ng video object unit VOBU is

i ahgilaegﬂcg%gggﬁéﬁf?%%&eeﬂd-wmlﬁg | i £aLeRe MAELAC oy NEctbEsr
graphics, or other video data.

When data is shared between different scenarios of 
a single title, it is obviously neceésary 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 pickup to
a different position on the DVD recording medium RCl1l. The
problem heré 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 be theoretically
solved by providing a track buffer (stream buffer 2400) to
delay data output an amount equivalent to the worsﬁ 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 stored data is
subsequently decoded and reproduced as video or audio data.
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 because
the data units aséociated with individual scenes are
contiguously'recorded.to the recording tracks of the recording

medium. If data is then read'in the recorded sequence,



object unit VOBU is in an interleaved block, and is set to 1 when it
Is. OGherwse the ILVU flag is set to O. When a vi deo
object unit VOBU is in an interl eaved bl ock, a Unit END flag is
declared to indicate whether the 5 vi deo object unit VOBU is the | ast
VOBU in the interl eaved unit ILVU. Because the interleaved unit |LVU
Is the data unit for continuous reading, the Unit END flag is set to
1if the VOBU currently being read is the last VOBU in the

i nterl eaved unit ILVU Oherwise the Unit END flag is set to 0. 10
An Interl eaved Unit End Address lgVU_EA) I dent iFGT/MRP6/02798
address of the last pack in the ILVU to which t he VOBU bel ongs, and
the starting address- of the next interleaved unit ILVU, Next

Interl eaved Unit Start Address (NTILVUSA), are al so declared when a
vi deo object unit VOBU 15 Is in an interleaved block. Both the

Interl eaved Unit End Address (I LVU EA) and Next Interl eaved Unit

Start Address pon- seﬁ.%*:la&%néréaé‘égﬁ@é@% addadumRebref a&@éb%fi%gf BAH
t he navi gation pack NV of that VOB Whe

system streans geeo8gaf e Ys&Damesd egcéﬂé ddta, drle @etﬁhbemnbonﬁet:slohs
the two system streans are not contiguous, particularly imediately

before and aftewithethe selext®d sderes inecchiffiqultn. palise ¢keedlendb vangom

to synchroni ze :

access characteristics of the digital video disk system,

5 however, make seamless connections with the selected scenes
possible.

In other words, by splitting scene-specific data
into plural units of a specified dafa size, and interleaving
plural split data units for different scenes in a predefined

10 sequence  that is recorded to disk within the jumping range
whereby an data underflow state does not occur, it is possibIE
to reproduce the selected scenes without data interruptions
by intermittently accessing and decoding the data specific to
the selected séenes using these split data units. Seamless

w15 data reproduction is thereby assured.
Interleaved block and Interleave unit '

The interleaving method enabling seamless data
reproduction aécording to the present invention is described
below with reference to Fig. 24 and Fig. 57. Shown in Fig.

20 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 blocks recorded to a data recording track TR on disk is

25 shown in Fig. 57.



the audi o and vi deo conponents of the system stream fol | owi ng t he

seam Note that non-contiguous audio may result from 25 di fferent
audi o signals being recording with the correspondi ng

-67 - - PCT/ JP96/ 02798 vi deo bl ocks. Wth an
NTSC signal, for exanple, the video frame cycle is approximately
33. 33 nmsec while the AC-3 audio frame cycle is 32 nsec.

To enabl e this resynchronization, audio reproduction 5 st oppi ng
times 1 and 2, i.e., Audio Stop PTM1 in VOB (VOB_A STPPTML) ,
and Audio Stop PTM2 in VOB (VOBASTP_PTM2)93 - I ndi cat iPQI/IPes/02793
at which the audio is to be paused; and audi o reproduction
stopping periods 1 and 2, i.e., Audio Gap Length 1 in VOB
(VOB_A GAPLEN1) and Audio Gap Length 2 in VOB 10 (VOB_A GAPLEN2),

i ndi cating for how long the audio is to be paused, are al so
declared in the DSI packet. Note that these times are specified

at the systemclock preci gbeBrt98gKHo -Fig. 57, VOB-A and VOB-E are video

objects with independent playback start and end times, and are

in prihciple arrayed to contiguous.block regions. As shown

in Fig. 24, the playback start and end times of VOB-B, VOB-C,

5 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 sequence. Plural

10 video objects VOB, i.e., interleaved video objects VOBS,
arrayed to the data recording track TR are shown in Fig. 57.
Referring to Fig. 57, data regions to which data is

continuously arrayed are called "blocks," of which there are

two types: "contiguoué block regions" in which VOB with

15 discrete starting and end points are contiguously arrayed, and
"interleavea block regions" in which plural VOB with aligned
starting and end points are interleaved. The respective.
blocks are arrayed as shown in Fig. 58 in the playback
sequence, i.e., block 1, block 2, block 3, . . . Dblock 7.

20 As shown in Fig. 58, the VTS title VOBS (VTSTT_VOBS)
consist of blocks 1 - 7, inclusive. Block 1 contains VOB 1
alone., Blocks 2, 3, 5, and 7 similarly discretely contain

VOBS 2, 3, 6, and 10. Blocks 2, 3, 5, and 7 are thus

contiguous block regions.



The Angle Information for Seanl ess playback' (SMLAGLI) decl ar es
the read start address when the angle is 15 changed. Note that this

field is valid when seanl ess, mul ti-angle control is enabled.
This address is also expressed as the nunber of sectors from
t he navi gati on pack NV of that VOBU. Because there are nine or

fewer angl es,
Desti nati on
pl ayback

#9 for

there are nine angl e address decl aration cells:
20 Addr ess of Angl e Cel | #1 for Seam ess
(SMLAG._C1_DSTA) to Destination Address of Angle Cell

Seam ess playback (SM.AGL.. C9_DSTA). PCT/IP96/02798

Note al so that each title is edited in video object (VOB) units.
Interl eaved video objects (interleaved title

-68 -

PCT/ JP96/ 02798 editing units) are

referenced as "VOBS"; and the encoded range of the source data is
the encoding unit. DVD encoder

10

20

25

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
interleaved block regions.

The internal data structure of the contiguous block
regions is shown in Fig. 59 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 contiguous
block regions ére further logically divided into cells as the
playback unit. Both VOB-i and VOB-j in this figﬁre are shown
comprising three cells CELL #1, CELL #2, and CELL #3.

Each cell comprises one or more video object unit
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 wvideo disk
system) . More specifically, this posiﬁion information is the
address of the first and last VOBU in the cell. As also shown

in Fig. 59, 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 therefore no problem.

The internal data structure of the interleaved block
regions.is shown in Fig. 60. In.the interleaved block regions

each video object VOB is divided into interleaved units ILVU,



A preferred enbodi nent of a digital video disk 5 syst em aut hori ng
encoder ECD in which the nmultinedia bitstream aut hori ng system
according to the present invention is applied to a digital video

di sk systemis described bel ow and shown in Fig. 25. It wll be
obvi ous that the authoring encoder ECD applied to the digital video
di sk system referred to below 10 as a DVD encoder, is substantially
identical to the authoring encoder EC shown in Flg 2. The basic
di fference between t hese encoders is the replacenent in the DVD
encoder ECD of the video zone formgtter 1300 of the autpger/iru/02798
encoder EC . above with a VOB buffer 1000 and formatter 1100. It wll
also 15 be obvious that the bitstream encoded by this DVD encoder ECD
is recorded to a digital video disk medium M The operation of this
DVD encoder ECD is therefore described below in conparison with the
aut hori ng encoder EC descri bed above. As in the above

aut horing encodgig EGhe t hRc8RERLEA zf()%‘ e
control signals St9, eSt uﬁgts %’E?%@lg:%é %éi%goe ande%é% are
based on the scaenaérmtely atadyed / descidehiing bBenwaes=ael i ned edaéfﬂﬂed
I nstructions - I nput fromthe scenario editor 100, and controls the

vi deo entndependént Syboffii ther e rereriteivédOuntpd FLVU0 ermmdeexifPle,
25 in the DVD encoder ECD. Note that the user-defined editing
VOB-k is divided into four interleaved units ILVUk1l, ILVUk2,
5 ILVUk3, and ILVUk4, and are confined by a single cell CELLik.
VOB-k is likewise divided into four interleaved units ILVUm1,
ILVUm2, iLVUm3, and ILVUm4, and is confined by a sincle cell
CELLi#im. Note that instead of a single cell CELL#k or CELL#m,
each of VOB-k and VOB-m can be divided into more than two
10 cells. The interleaved units ILVU thus contains both audio
and video data.
In the example shown in Fig. 60, the interleaved
‘'units ILVUk1l, ILVUk2, ILVUk3, and ILVUk4, and ILVUml, ILVUm2,
ILVUm3, and ILVUm4, from two different video objects VOB-k and
w 15 VOB-m are alternately arrayed within a single interleaved
block. By interleaving the interléaved units ILVU of two
video objects VOB in this sequence, it is possible to achieve
seamless reproduction branching frpm one scene to one of
plural scenes, and from one of plural scenes to one scene.
20 Multi—scene control |
The multi-scene period'is described together with
the concept of multi-scene control according to the present
invention using by way of exémple a title comprising scenes

recorded from different angles.



-69 - PCT/ JP96/ 02798 instructions in the DVD

encoder ECD are a superset of the editing instructions of the

aut horing encoder EC descri bed : above.

Specifically, the user-defined editing instructions 5 (scenario

data St7) in the DVD encoder ECD simlarly describe what source

data is selected fromall or a subset of the source data

containing plural titles within a defined tine period, and how

t he sel ected source data is reassenbled to o reproduce the scenario

(sequence) intended by the user. The _g4Q scenari o data Prt/mposlongodVD

encoder ECD, however, further contains such information as: the

nunber of streans contai ned in the editing units, which are

obtained by splitting a multi-title source streaminto bl ocks at

a constant tine I nterval ; the nunber of audio and sub-picture

data cells 15 contained in each stream and the sub-picture display

time and peri odg Xﬁeég&ﬁet{&? rﬁdfé P-gcerte ’%Aﬁéféftf‘é’ $dddfded £rom

enabl i ng parentd? ock control; Whet her t he user content 1s

sel ected the same angle, but 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 periods.

5 Parental control

v . . o
The concept of recording plural titles comprising
alternative scenes for such functions as parental lock control
and recording director’s cuts is described below using Fig.
15.

10 An example of a multi-rated title stream providing
for parental lock control is shown in Fig. 15. When so-called
vadult scenes" containing sex, violence, or other scenes
deemed unsuitable for children are contained in a title
implementing parental lock control, the title stream is

s 15 recorded with a combination of common system streams SSa, SSb,
and Sse, an adult-oriented system stream SSc containing the
adult scenes, and a child-oriented system stream SSd
containing only the scenes suitable for children. Title
streams such as this are recorded as a multi-scene system

20 - gstream containing the adult-oriented system stream Ssc and the

child-oriented system stream Ssd arrayed to the multi-scene
period between common system streams Ssb and Sse.

‘The relationship between each éf the component
titles and the systeh stream recorded to the program chain PGC

25 of a title stream thus comprised is described below.



fromplural streams including, for exanple, multiple view ng

angl es; and the nethod of connecting scenes when the angle S 20

swi tched anong the nultiple view ng angl es. The
scenario data St7 of the DVD encoder ECD al so contains contro

i nformati on on a video object VOB unit basis. This information
Is required to encode the nedia source stream and specifically
i ncl udes such information as whet her 25 there are nultiple angles or
parental control features. Wen _

-70 - PCT/ JP96/ 02798 .97 - mul ti pl e angl eCIVIPS6/027D8
enabl ed, the scenario data St7 al so contains the encoding bit rate
of each stream considering data i nterleaving and the disk capacity,
the start and end tines of each control, and whether a seanl ess
connection should be 5 made between the preceding and foll ow ng
streans. The encodi ng systemcontroller 200 extracts this

information fromthe scenpgrbo daidtSbiiefbdadenanaless ph8gram chain PGCL

comprises in sequence the common system streams Ssa and Ssb,

the adult-oriented system stream Ssc, and the common system

stream Sse. The child-oriented title program chain PGC2

5 comprises in sequence the common system streams Ssa and Ssb,

the child-oriented system stream Ssd, and the common system
gtream Sse.

By thus arraying the adult-oriented system stream

Ssc and child-oriented system stream Ssd to a multi-scene

10 period, the decoding method previously described can reproduce

the title containing adult-oriented content by reproducing the

common system streamg Ssa and Ssb, then selecting and

reproducing the adult-oriented system stream Ssc, and then

reproducing the common system stream Sse as instructed by thg

15 adult-oriented title program chain PGCl. By alternatively

following the child-oriented title program 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.

20 This methéd of providing in the title stream a

multi-scene period containing plural alternative scenes,

selecting which of the scenesuin the multi-scene period are

to be reproduced before playback:begins, and generating plural

titles containing essentially the same title content but

25 different scenes in part, is called parental lock control.



encodi ng information table and encodihg paraneters required for
encodi ng control . The encoding information table and 10 encodi ng
paranmeters are described with reference to Figs. 27, 28, and 29

bel ow. The stream encodi ng data St33 contains the system
stream encodi ng paraneters and system encodi ng start and end timng
val ues required by the DVD systemto generate the VOBs. 15 These system
stream encodi ng paraneters include the conditions for connecting one
vi deo object VOB with those before and after, the nunber of audio

streans, the audi o encoding I nf or ggti on and audi o | ds, PCTAP96/02798 of
sub-pi ctures and the sub-picture Ids, the video playback starting
time information 20 VPTS, and the audi o playback starting tinme

i nformati on APTS. The title sequence control signal St39
supplies the mul ti media bitstream MBS formatting start and end
timng -information and formatting paraneters decl aring t he

E?Er ?dUCt lon control IDQ:II'% 96;1:8{257%‘23{%1‘&&%{1' q¢& LBherBRt i 8Nso 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 for statically

5 generating different title streams by means of the user

pre-selecting specific scenes from a multi-scene period.

Note, further, that this contrasts with multi-angle scene

control, whicﬁ is a technology for dynamically changing the

content of a single title by means of the user selecting

10 scenes from the multi-scene period freely and in real-time
during title playbaék.

This parental lock control technology can also be

"used to enable title stream editing such as when making the

director’s cut. The director’s cut refers to the process of

. 15 | 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 may mnot be

20 acceptable. The movie director thus determines which scenes

may be cut to shorten 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 transition from one

25 system stream to another system stream in such applications,



Based on the video encodi ng paranmeter and encodi ng start/end timng
signal St9, the video encoder 300 encodes a specific part of the
video stream Stl to generate an el enentary stream-conformng to the
MPER2 Vi deo standard 5 defined in ISC>13818 This el enentary streamis
out put. to the vi deo stream buffer 400 as encoded video stream St 15.
Note that while the video encoder 300 generates an el ementary stream
conformng to the MPEQ Vi deo standard defined in |1 SO 13818,

specific encoding paraneters are input 10 via the video eng
paranmeter signal St9, including the '99'encod|ng start andk éﬁ@&§§hﬁ2%§8

bit rate, the encoding . conditions for the encoding start and end,

the material type, i ncl uding whether the material is an NTSC or PAL
vi deo signal or telecine converted material, and whether the
encodi ng node 15 Is set for either open GOP or closed GOP encodi ng.

The MPE&2 coding nethod is basically an interfranme codi ng net hod

usi ng the correpareohabelockrcontymk mMust baxalnlmto malntﬁlghémc’@&#pPééybéﬁk
i.e., the frame being coded (the target . ane)_is cqded Z

referenci ng fraiB3gBePBEPUERI/ ¥PTaS ﬁ@?cmecaébyr S?a‘iﬂb%?sfiiaﬁé reppRayerion

{Rérgoﬁ?gﬁ? L;agﬁgrggyg@tda€; unézrflow séﬁ éé%(ﬁgeﬂ%éggﬁdlgoLﬁe aualo,

video, or other buffers, and seamless information reproduction
5 whereby no unnatural interruptions are audibly or visibly
~ perceived in the audio and video playback, are necessary.
Multi-angle control
| The concept of multi-angle scene control in the
present invention is described next with reference to Fig. 33.
10 In general, multimedia titles are obtained by recording both
the audio and video information (collectively "recording"
_below) of thé subject over time T. The angled scene blocks
#sC1, #sSMi, #SM2, #SM3, and #SC3 represent ﬁhe multimedia
scenes obtained at recording unit times T1, T2, and T3 by
15 recording the subject at respective camera angles. Scenes
#SM1, #sSM2, and #SM3 are recorded at mutually different
(first, second, and third) camera angles during recording unit
time T2, and are referenced below as the first, second, and
third angled scenes.
20 _ Note that the multi-scene periods referenced herein
| are basically assumed to comprise scenes recorded from
different angles. The scenes may, however, be recorded from
the same angle but at different times, or they may be computer
graphics data. The multi-angle scene periods are thus the

25 multi-scene periods from which plural scenes can be selected



frame, are also inserted to avoid error propagation and enabl e
accessibility frommd-stream (random access). The codi ng uni t
containing at |east one intra-coded frame ("intra-frame") 25 is called
a group_of pictures GOP. -72 -

PCT/ JP96/ 02798 A group_of _pictures GOP in which coding
I's closed conpletely within that GOP is known as a "closed GOP. " A
group_of pictures GOP containing a frane coded with reference - to a
frame in a preceding or follow ng (IS0-13818 DOES NOT 5 LIMT P- and
B-pi cture CODING to referencing PAST frarf@y gr oup_of . gietIPK/02398
s an "open GOP." It is therefore possi ble to playback a cl osed
GOP using only that GOP. Reproduci ng an open GOP, however, al so
requires the presence of the referenced GOP, generally the GOP
precedi ng the open 10 GOP. The GOP is often used as

t he access unit. For _
for presentation in the same time period, whether or not the
scenes are actually recorded at different camera angles.
Scenes #SC1 and #SC3 are scenes recorded at the same
 common camera angle during recording unit times T1 and T3,
5 i.e.; before and after the.multi-angle scenes. These scenes
% are therefore called "common angle scenes." Note that one of
the multiple camera angles used in the multi-angle scenes is
ﬁspally the same as the common camera angle.
To understand the relationship between these various
10 angled scenes, multi-angle scene control is 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 th:ough the pitcher, batter, and
15 catcher.
| The £irst angled scene #SM1 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 second
20 ‘multi-camera angle, i.e., the view from center field on the
axis throﬁgh the pitcher, battéf, and catcher. Note that the
second angled scene #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 angle scene #SC2

25 recorded during recording unit time T2. The third angled



exanple, the GOP may be used as the playback start point for
reproducing a title fromthe mddle, as a transition point in a
novie, or for fast-forward play and other special 15 reproduction
nodes. Hi gh speed reproduction can be achi eved i n such cases by
reproducing only the intra-frame coded franes in a GOP or by
reproducing only franmes in GOP units. Based on the
sub- pi cture stream encodi ng paraneter signal St1ll, the sub-picture
encoder 500 encodes a specific 20  part _of the sub-picture aérean18t3 to
generate a vari able | engt h coded "3 st r eam of bitmappedP [EAVB96/02798 <
vari abl e | ength coded bitstreamdata is output as the encoded
sub-picture stream Stl7 to the sub-picture stream buffer 600.
Based on the audi o encodi ng paranmeter signal Stt3, 25 the audi o encoder,
700 encodes a specific part of the audio
-73 - PCT/ JP96/ 02798 stream St5 to generate the
encoded audi o dscgneThSM3echgoregorded at the third multi-camera angle, i.e.,
the camera angle from the backstop focusing on the infield.
The presentation times of the multiple angle scenes
#SM1, #SM2, and #SM3 overlap in recording unit time T2; this
5 period is called the "multi-angle scene period." By freely
N selecting one of the multiple angle scenes #SM1, #SM2, and
#SM3 in this multi-angle scene period, the viewer is able to
change his or her virtual viewing position to enjoy a
different view of the game as though the actual camera angle
10 is changed. Note that while there appears to be a time gap
between common angle scenes #SCl and #SC3 and the multiple
angle scenes #SM1, #SM2, and #SM3 in Fig. 33, this is simply
to facilitate the use of arrows in the figure for easier
description of the data reproduction paths reproduced by
15 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 reference to
Fig. 23 from the perspective of connecting data blocks. The
20 multimedia data corresponding to'common angle scene #SC is
referenced as common angle déta BA, and the cémmon angle data
BA in recording unit times Tl and T3 are referenced as BAl and
BA3, respectively. The multimedia data corresponding to the

multiple angle scenes #SM1, #SM2, and #SM3 are referenced as

25 first, second, and third angle scene data MAl, MA2, and MA3.



audi o data may be data based on the MPEGL audi o standard defined in
| SO 11172 and the MPE&R audi o standard defined in | SO 13818, AC- 3
audi o data, or PCM (LPCM data. Note that the 5 met hods and neans of
encodi ng audi o data according to these standards are known and
commonl y avai |l abl e. The video stream buffer 400 is
connected to-the . video encoder 300 and to the encoding system
control | er 200. The video stream buffer 400 stores the encoded vi deo
stream 10 'St15 input fromthe video encoder 300, and out puté Slpe st or ed
encoded video stream Stl5 as the time- dell%ed encoded video FPCTAPG/0Z798,
St 27 based on the timng signal St2l supplied fromthe encodi ng
system control | er 200. The sub-picture stream buffer 600
is simlarly 15 connected to the sub-picture encoder 500 and to the
encodi ng system control | er 200. The sub-picture stream buffer 600
stores the encoded sub-picture stream Stl7 input fromthe

sub- pi ct ure encBaerreviousahy dererieedwish reference eacdird 33, scenes from
sub-picture stream Stl7 as_ti rrsiggl ayed encoded sub-picture 20 stream

St29 based on thBet dRIFd gABILEE 2§ FudRR | ¥derpOmipheselectingnon myf the
system cont 1ol | gtag81e ansig e, s Miviitos 58 WY | Chuded 15 anee
SIem om0l 168 cimg, gad ecy bl U o F AN Bl AL HERAS Bpa,
outputs 5 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
between the reproduced common and multiple anglé data units
depending upon the coﬁtent of the data at the connection

10 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
scene ;period or the common angle data BA3 following the angle
selected in the multi-angle scene period). The result in this

15 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 information reproduction results.

The multi-angle selection process whereby one of
plural scenes is selectively reproduced from the multi-angle
_.20 scene period with seamless information presentation to the_
scenes before and affer is described below with application

in a digital video disk system using Fig. 23.
| Changiﬁg the scene angle, i.e., selecting one of the
multiple angle data units MAl, MA2, and MA3, must be completed

25 before reproduction of the preceding common angle data BAl is



-74 - PCT/ JP96/ 02798 t he encoded audi o stream

St19 as the tinme-del ayed encoded audi o stream St 3l based on the
timng signal St25 supplied fromthe encoding systemcontroller
200.: The system encoder 900 is connected to the video
5 stream buffer 400, sub-picture stream buffer 600, audio stream

buffer 800, and the encodi ng systemcontroller 200, and is

respectively supplied thereby with the time-del ayed encoded

vi deo stream St 27, tine-del ayed encoded -picture stream 9,
ti me-del ayed encoded audi o strean1St3I,'jﬁg‘the system 10:PCT@??%@é§§%

encodi ng paraneter data St33. Note that the system encoder 900
is a multiplexer that nultiplexes the tine-del ayed streans St 27,
St 29, and St 3l based on the stream encodi ng data St33 (timng
signal) to generate title editing units (VOBS) St35. 15

The VOB buffer 1000 tenporarily stores the vjdeo
- completed. It is extremely difficult, for example, to change

to a different angle data unit MA2 during reproduction of

common angle data BAl; This is because the multimedia data

has a variable length coded MPEG data structure, which makes

5 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 MPEG standard contains at least one refresh frame,

10 and clbsed 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 reaches the multi-angle

scene period, and at the latest by the time reproduction of

15 the preceding common angle data BAl is completed, the angle

data seiected from within the multi-angle scene period can be

seamlessly reproduced. However, it is extremely difficult

while reproducing one angle to seiect and seamlessly reproduce

another angle within the samé multi-angle scene period. It

20 is therefore difficult when in a multi-angle scene period to

:dynamically select a different éngle unit presenting, for

example, a view from a different camera angle.

Flow chart: encoder




obj ects VOBs produced by the system encoder 900. The

formatter 1100 reads the del ayed video objects VOB fromthe VOB
buf fer 1000 based on the title sequence control signal St39 to
generate one video zone VZ, and adds the volune file 20 structure
VFS to generate the edited multinedia stream data St 43.

The multinmedia bitstream MBS St43 edited accordi ng _ to the
user-defined scenario is then sent to the recorder 1200. The
recorder 1200 processes the edited multinedi a 25 streamdata St43 to
the data stream St45 format of the - 104 - PCT/IP96/02798
- 75 - PCT/ JP96/ 02798 : recordi ng nediumM and
thus records the formatted data stream St45 to the recordi ng nmedi um
M DVD decoder A preferred enbodi rent of a digital

video disk 5  system authoring decoder DCD in which the nultinedia

bitstream _

The encoding information table generated by the

| encoding system controller 200 from information extracted from

the scenario data St7 is described below referring to Fig. 27.

The encoding information table contains VOB set data

5 streames containing plural VOB corresponding to the scene

~— periods beginning and ending at the scene branching and
connecting points, and VOB data streams correspbnding to each
scene. These VOB set data streams shown in Fig. 27 are the
encoding infofmation tables generated at step #100 in Fig. 34

10 by the encoding system controller 200 for creating the DVD

multimedia stream based on the user-defined title content.
The user-defined scenario contains branching points

from cémmon scenes to plural scenes, or connection points to

other common scenes. The VOB corresponding to the scene

15 period delimited by these branching and connecting points is
a VOB set, and the data generated to encode a VOB set is the
VOB set data stream. The title number specified by the VOB
set data stream is the fitle number TITLE NO of the VOB set
data stream.

20 . ' The VOB Set data structure in Fig. 27 shows the data
con_tent for enéoding one VOB set in the VOB'set data stream,
and comprises: the VOB set number VOBS_NO', the VOB number
VOB_NO in the VOB set, the preceding VOB seamless connectioh
flag VOB _Fsb, the following VOB seamless connection flag

25 VOB_Fsf, the multi-scene flag VOB_Fp, the interleave flag



aut horing systemof the present invention is applied to a digital

vi deo di sk systemis described bel ow and shown in Fig. - 26. The

aut horing decoder DCD applied to the digital video di sk system

referred to below as a DVD decoder DCD, decodes 10 the multimedi a

bi t strream MBS edited using the DVD encoder ECD of the present

I nvention, and recreates the content of each title according to the

user-defined scenario. It will also be obvious that the nultinedia

bi t stream St 45 encoded by this DVD.encoder ECD i s recor

digital video disk mediumM 15 (1 The basi c config&?&t‘ffgﬂs%?”

t he DVD decoder DCD . according to this enbodinent is the sane as that

of the aut horing decoder DC shown in Fig. 3. The differences are

that a different video decoder 3801 (shown as 3800 in Fig. 26) S

used in place of the video decoder 3800, and a reordering 20 =~ buffer

3300 and sel ector 3400 are di sposed between the video . decoder 3801

and synt hesi zer V@BQFi, the multi-angle Nag MQRFmhEhsempdtdrazgde sgamless

connected to the | ; syn%hronizer 2900, and is control]l ed b¥ 2 smﬁ%chin%

si gnal sepgsching * flag VOB_FsV, the maximum bit ate o th
interleaved VOB ILv;BR, the number of interleaved VOB
divisions ILV_DIV, and the minimum . interleaved unit

5 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 the
reproduction sequence of the title scenario.

The VOB number VOB NO is a sequential number

10 identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The preceding VOB seamless connection flag VOB_Fsb
indicates whether a seamless connection with the preceding VOB
is required for scenario reproduction.

. 15 The following VOB seamless connection flag VOB_Fsf
indicates whether there is a seamless connection with the
following VOB during scenario reproduction.

The multi-scene flag VOB_Fp identifies whether the
VOB set comprises plural video objects VOB.

20

The interleave flag VOB_Fi identifies whether the
VOB in the VOB set are interleaved.
The multi-angle flag VOB_Fm identifies whether the

VOB set is a multi-angle set.



-76 - PCT/ JP96/ 02798 The operation

of -this DVD decoder DCD is therefore descri bed below in
conparison with the authoring decoder DC descri bed above.

As shown in Fig. 26, the DVD decoder DCD conpri ses 5 a multinmedi a
bi t st ream producer 2000, scenario selector 2100, decodi ng system
controll er 2300, stream buffer 2400, system decoder 2500, video
buffer 2600, sub-picture buffer 2700, audi o buffer 2800, _
synchroni zer 2900, video decoder 3801, reordering b

sub- pi cture decoder 3100, audio 10 - 10&ecoder 3200, selec#%hﬁéﬁggﬁggs
synt hesi zer 3500, video data out put term nal 3600, and audi o data
out put term nal 3700. The bitstream producer 2000
conprises a recording media drive unit 2004 for driving the
recording nediumM a readi ng head 2006 for reading the
information recorded to the 15 recordi ng medi um M and produci ng the

bi nary read signal St57; The multi-gnglmabepmdesssopwibolingr Slad o¥SByFsV
processing the read , | signal St57 to generate the reRroduceq

bi t stream St 6 ; idpgtifies whethey gnghs Ghagigeomitdiime Fhgopy t1-angle scene

The reproduction controller 2002 is conn
period are seamless or no

ggted to the
The maximum bit rate of the interleaved VOB ILV_BR
5 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
VdB.
The minimum interleave unit presentation time
10 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 interleayed block
reprodﬁction. |
15 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 supplied to
the video encoder 300, audio gncoder 700, énd system encoder
20 900 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. 34
by the éncoding system controller 200 for creating the DVP

25 multimedia stream based on the user-defined title content.



20 decodi ng

system controll er 2300 from which the nmultinedia

bi t stream reproduction control signal St53 is supplied, and I n
turn generates the reproduction control signals St55 and St 59
respectively controlling the recording nedia drive unit (ot or)

2004 and si gnal

processor 2008.

-77- PCT/ JP96/ 02798 So that the
user-defined video, sub-picture, and audi o portions of the
multimedia title edited by the authoring encoder EC are
reproduced, the authoring decoder DC compf¥ses a scefafiIB96/02798
sel ector 2100 for selecting and reproduci ng the 5 correspondi ng
scenes (titles). The scenario selector 2100 t hen out puts the
selected titles as scenario data to the DVD decoder DCD.

The scenario selector 2100 preferably conprises a keyboard, CPU
and nonitor. Using the keyboard, the user then 10 | nputs the desired

scenari o based on the contthe emicodiag unit is the video object VOB, and the

5
N

10
W 15
N

20

25

data generated to encode each video object VOB is the VOB data
stream. For example, a VOB set comprising three angle scenes
comprises 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 containé the video 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 method
VOB_A KIND, and the audio encoding bit rate A_BR.

The video material start time VOB_VST is the video
encoding start time corresponding to ﬁhe time of the.video
signal.. |

The video material end time VOB_VEND is the wvideo
encoding end time corresponding 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, of is phoﬁographic matérial (a movie, for example)
converted to a television broadcast format (so-called telecine
conversion) .

The video encoding bit rate V_BR is the bit rate at

which the video signal is encoded.



scenari o i nput by the DVD encoder ECD. Based on the keyboard
I nput, the CPU generates the scenario selection data Stb5l

speci fying the sel ected scenario. The scenario selector 2100 S
connected to the decodi ng systemcontroller 2300 by an 15 i nfrared
communi cati ons device, for exanple, and inputs the gener at ed
scenari o selection data St51 to'the decodi ng system controller
2300. The stream buffer 2400 has a specific buffer
capacity used to tenporarily store the reproduced bitstream 20 St 6

I nput fromthe bitstream producer 2000, ~d¥Bract the RT/IRR6/P2798
structure VFS, the initial synchronization data SCR (system cl ock
reference) in each pack, and the VOBU control information (DSI)
in the navigation pack NV, to generate the bitstreamcontrol data
St63. The stream buffer 25 2400 is al so connected to the decoding
system control |l er 2300, - -78 -
PCT/ JP96/ 02798 The audio material start time VOB_AST is the audio .

encoding start time corresponding to the time of thé audio
signal. |
The audio material end time VOB_AEND is the audio
_ 5 encoaing end time corresponding to the time of the.audio
~ - signal.

The audio coding method VOB _A KIND identifies the
audio encoding_ method as AC-3, MPEG, or linear PCM, for
example.

10 The audio encoding bit rate A BR is the bit rate at
which the audio signal is encoded.

The encoding parémeters used by the video encoder
300, sub—picture encoder 500, and audio encoder 700, and
system encoder 200 for VOB encoding are shown in Fig. 29. The

15 enéoding parameters include: the VOB number VOB _NO, wvideo
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 biﬁ rate V_MRATE, the GOP structure
fixing flag GOP_Fxflag, the video encode GOP structure GOPST,

20 the initial video encode data V_INTST, the last video encode
data V_EﬁDST, the audio encode start time A;STTM, the audio
encode end time A_ENDTM, the audio 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

25 .the following VOB number F_VOB_NO.



to which it supplies the generated bitstreamcontrol data St 63.

Based on the scenario selection data St51 supplied by the
scenari o sel ector 2100, the decodi ng systemcontroller . 5 2300 t hen
generates the bitstream reproduction control signal : St 53
controlling the operation of the bitstream producer 2000. The
decodi ng systemcontroller 2300 al so extracts the user - defi ned
pl ayback instruction data fromthe bitstream reproduction
control signal St53, and generates the decodi ng 10 i nf Qrimation
table required for decoding control. - 10%n; s decdﬂ?ﬂ@P9@®2798
i nformation table is described further below with reference to
Figs. 45 and 46. The decodi ng system controller 2300 al so
extracts the title information recorded to the optical disk M
fromthe file data structure area FDS of the 15 bi tstream control data
St63 to generate the title information si gnal St 200. Not e t hat

the extracted title infor#Bei oHOB number VOR|NRleds he vPaaventiader number
VTS information, VTSI, _the G€1 information entries CPBl #j, and
the cell presenideprbif¥ipg the VOB a@iPB’hﬂ posippon of the VORpiin the
that the bitstream .copntro data St enerated in pack

units as shown FRPEPGUC éonaﬁSngnEGpBE E&e title Scen?Fgﬁlthe stream
buffer 2400 to the deCOd'@ﬁes¥%&S%péﬁggé et time V_ TﬁBQQ 1&9swg&%h55@§

stream buffer 2400 is connecte e sync roni Zer
I's connec§ed toyEhg; §860/HLRErial encoding.

N~ 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
10 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.
The maximum video encode bit rate V_MRATE is the
U 15 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 process. This
is a useful parameter for declaring-whether seamless switch

20 is enabled in a multi-angle scene period.

The - video éncode GOP structure GOPST is the GOP
structure data from encoding.

The initial video encode data V;INTST sets the
initial value of the VBV buffer (decoder buffer) at the start

25 of video encoding, and is referenced during video decoding to



25 systen1contro||er 2300 fromwhich it receives the system cl ock

-79 - PCT/ JP96/ 02798 reference SCR contained in
t he synchronlzatlon control data St8l to set the internal system
cl ock STC and supply the reset systemclock St79 to the decoding
system control |l er 2300. Based on this systemclock St79,
t he decoding system 5 controller 2300 al so generates the stream read
signal St65 at a specific interval and outputs the read signal St65
to the stream buffer 2400. Note th the read unit in #&h@ '3
t he pack. The method of ! Nerating the strea Q@EE%Z?I
Ste5 10 I s described next. The decodi ng system
controller 2300 conpares the "system cl ock reference SCR contained in
t he stream control data extracted fromthe stream buffer 2400 with
the system clock St79 supplied fromthe synchroni zer 2900, and
gener at es o
initialize the decoding buffer. This is a useful parameter
' for declaring seamless reproduction with the preceding encoded
video stream.
The last video encode data V_ENDST sets the end
5 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 for
‘declaring seamless reproduction with the preceding encoded
video stream.
10 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
of audio material encoding.
The audio encode bit rate A RATE is the bit rate
\w;' 15 used for audio encoding.
The audio encode method A._ENCMD identifies the audio
encoding method as AC-3, MPEG, or linear PCM, for example.
The audio start gap A STGAP is the time offset
between the start of the audio and video presentation at the
20 beginning of a VOB. This is a useful parameter for declaring

seamless reproduction with the preceding encoded system
stream.
The audio end gap A_ENDGAP is the time offset

between the end of the audio and video presentation at the end



15 .the read request signal St65 when the systemclock St79 is

greater than the systemclock reference SCR of the bitstream control
data St63. Pack transfers are controlled by executing this control
process on a pack unit. Based on the scenario sel ection
data St51, the 20. decodi ng system control |l er 2300 generates the
decodi ng si gnal St69 defining the streamlds for the video,
sub-picture, and audi o bit streams corresponding to the sel ected
scenari o, -~ and outputs to the system decoder 2500.

When a title contains plural audio trackdlle.g., 25 audi o RGHERAS/03798
Japanese, English, French, and/or other ' : :

-80 - - PCT/ JP96/ 02798 | anguages, and pl ural
sub-picture tracks for subtitles in Japanese, English, French,

and/ or ot her |anguages, for exanple, a discrete IDis assigned to
each of the | anguage tracks. As described above with reference to
Fig. 19, a of a VOB. This is a useful parameter for declaring seamless

reproduction with the preceding encoded system stream.

The preceding VOB number B_VOB NO is the VOB_NO of
the preceding VOB when there is a seamlessly connected

5 preceding VOB.

The following VOB number F_VOB_NO is the VOB_NO of
the following VOB when there is a seamlessly connected
following VOB.

The operation of a DVD encdder ECD according to the

10 present invention is described below with reference to the
flow chart in.Fig..34.' Note that the steps shown with a
double line are subroutines. It should be obvious that while
the operation. described below relates specifically in this
case to fhe DVD encoder ECD of the present invention, the

15 opération described also applies to an authoring encoder EC.

At step #100, the user inputs the editing commands
according to the user-defined scenario while confirming the
content of the multimedia source data streams Stl, St2, and
st3.

20 . At step #200, the scenario editor 100 generates the
scenarioc data St7 containing the above. edit command
information according to the user’s editing instructions.

When genérating the scenario data St7 in step #200,

" the user editing commands related to multi-angle and parental



5 streamID is assigned to the video data and MPEG audi o dat a,

and a substream|ID is assigned to the sub-picture data, AC 3 audi o
data, linear PCM data, and navigation pack NV i nformati on.
Wil e the user need never be aware of these ID nunbers, the user can
sel ect- the | anguage of the audio and/or 10 subtitles using the scenario
sel ector 2100. I f English ' | anguage audio is selected, for exanple,
the I D correspondi ng to the English audio track is sent to the
decodi ng system controller 2300 as scenario selection data St5|. The
decodi ng system control  er 2300 tHdR& -adds this 1D to t RRCHARRIPATPS
15 signal St69 output to the system decoder 2500. _ Based
on the instructions contained in the decoding signal St69, the
syst em decoder 2500 respectively outputs the vi deo, sub-picture, and
audi o bitstreans input fromthe stream buffer 2400 to the video

buf fer 2600, sub-picture buffer 2700, 20 and audi o buffer 2800 as the
encoded vi deo sfloekmmitlti-scene periodedinubdgdiah uinterleavi®y73s pngsumed
encoded audi o stream St75. Thus, when the stream ID input fromthe
scenari o musite beo Anpugo ten datisfyadihe Faldmwing aandid Qn®am buf f er

2400 match, the system decqder 2500 out%uts t he cor[esponding
First, the VOB maximum bit rate must be set to

assure sufficient image quality, and the track buffer
5 capacity, jump performance, jump time, and jump distance of
the DVD decoder DCD used as the reproduction apparatus of the
DVD encoded data must be determined. Based on these values,
the reproduction tiﬁe of the shortest interleaved unit is
obtained from equations 3 and 4. Based on the reproduction
10 tiﬁe of each scene in the multi-scene period, 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
ediﬁ commands until equations 5 and 6 are gsatisfied by, for
example, connécting part of the following scene to each scene

15 in the multi-scene period. . |
When multi-angle edit commands are used, equation
7 must be satisfied for seamléss switching, and edit commands
matching the audio reproduction time with the reproduction
time of each scene in each angle must be entered. If
.20 non—seamless-switching is used, the user must enter commands

to satiéfy equatioh 8.

At step #300, the encoding system controller 200
first determines whether the target scene is to be seamlessly
connected to the preceding scene based on the scenario data

- 25 St7.



-81 - PCT/ JP96/ 02798 packs to the respective
buffers (i.e., the video buffer 2600, sub-pi cture buffer 2700, and
audi o buffer 2800). The system decoder 2500 detects the

presentation
smal l est 5

time stanp PTS and decoding tine stanp DTS of the
control unit in each bitstream St67 to generate the tine

information signal St77. This tine information signal St77 S
supplied to the synchroni zer 2900 through the decodi ng system
controller 2300 as the synchroni zati on control data St8l. 10
Based on this synchronization control datld3st8l, the syRehIB9/02798
2900 determ nes the decoding start tim ng whereby each of the

bitstreans will

be arranged in the correct sequence after decodi ng,

and then generates and inputs the vi deo stream decodi ng start signal
St89 to the video decoder 15 3801 based on this decoding timng. The
synchroni zer 2900 al so generates and supplies the sub-picture

decodi ng start
St93 to the
respectively.

si gmaiteSt hatandhendi thet praveddngdi sgese aperdioghais a
sub- pi cture decoder 3100 and audi o decoder 3200,
multi-scene period comprising plural scenes but the presently
selected target scene is a common scene (not in a multi-scene
period), a seamless connection refers to seamlessly connecting

the target scene with any one of the scenes contained in the

- preceding multi-scene period. When the target scene is a

multi-scene period, a seamless connection still refers to

seémlessly_connecting the target scene with any one of the

scenes from the same multi-scene period.

5
"

10
o 13

20
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If step #300 returns NO, i.e., é non-seamless
connection is valid, the procedure moves to step #400.

At step #400, the encoding system controller 200
resets the preceding VOB seamless connection flag VOB_Fsb
indicating whether there is é gseamless. connection between the
target and preceding scenes. The procedure then moves to step
#600.

On the other hand, if step #300 returns YES, i.e.,
there is a seamless connection to the preceding scene, the
procedure moves to step #500.

At step #500 the encoding system controller 200 sets
.the preceding VOB séamless connection flag VOB_Fsb. | The
procedure then moves to step #600.

At step #600 the encoding system controller 200
determines whether fhere is a seamless connection between the

target and -following scenes based on scenario data St7. If



The video decoder 3801 generates the video output 20 request signal

St 84 based on the video stream decodi ng start signal St89, and
outputs to the video buffer 2600. In response to the video out put
request signal St84, the video buffer 2600 outputs the video stream
St 83 to the video decoder 3801. The video decoder 3801 thus detects
the presentation 25 time information contained in the video stream
St83, and -82 -

PCT/ JP96/ 02798 di sabl es the.video out put request signal_St84

when the |ength of the received vildéo stream St83 is edﬁing%ﬂ©2?Q¥

t he specified presentation tinme. A video streamequal in |length

to the specified presentation tine is thus decoded by the 5 vi deo

decoder 3801, which outputs the reproduced video signal St95 to the

reordering buffer 3300 and sel ector 3400. Because t he
encoded video streamis coded using the interframe correl ations

bet ween pi ctur estephel#€dledetudms A, i.e., a non-seamless connection is

‘valid, the procedure moves to step #700.
' At step #700, the encoding system controller 200
resets the following VOB seamless connection flag VOB_Fsf
| 5. indicating whether there is a seamless connection with the
~ i following scene. The procedure then moves to step #900.
However, if sﬁep #600 returns YES, i.e., there is
a seamless connection to the following scene, the procedure
moves to step #800.

10 At step #800 the encoding system controller 200 sets
the following VOB seamless connectioh flag VOB Fsf. The
procedure then-moves to step #900.

At step #900 the encoding system controller 200
determines whether there is more than connecti_on target scene,

15 i.e., whether a multi-scene period is selected, based on the
scenario data St7. Aé previously described, there are two
possible control-methods in multi-scene periods: parental lock
control whereby only one of plural possible reproduction.paths
that can be constructed from the scenes in the multi-scene

20 period is reproduced, and multi-angle control whereby the

. reproduction path can be switched within the multi-scene
period to present diffe;ent viewing angles.

If step #900 returns NO, i.e., .there are not

multiple scenes, the procedure moves to step #1000.-



di spl ay order do not neceSsarin match on a frane unit basis. 10 The

vi deo cannot, t

decoded franes are therefore tenporarily stored to the reordering
buffer 3300. The synchroni zer 2900 therefore controls the
switching signal St1 33 so that the : reproduced video signal St95
output fromthe video decoder 15 3800 and the reordering buffer output
St97 are appropriately sel ected and output in the display order to
t he synt hesi zer 3500. The sub-pi cture decoder 3100
simlarly generates the ~ sub- pi ct urld5cut put request si gnBCTAP86/02708:d
on the 20 sub- pi cture decoding start signal St9l, and outputs to the
sub-picture buffer 2700. In response to the sub-picture out put
request signal St86, the sub-picture buffer 2700 out puts the
sub-picture stream St85 to the sub-picture decoder 3100. Based on
the presentation tinme information contained 25 I n the sub-picture
stream St 85, the sub-pictwte deceger #30d® .the multi-scene flag VOB Fp
-83 - PCT/ JP96/ 02798
' identifying whether the VOB set comprises plural video objects
VOB (a multi-scene period is selected) is reset, and' the
procedure moves to step #1800 for encode parameter production.
. 5 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.
At step #1100, the multi-scene flag VOB_Fp is set,
10 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 is
made between plural scenes in the multi-scene period, i.e.,
‘whether a multi-angle scene period is selected. If step #1200
W, .15 returns NO, i.e., no scene change is allowed in the
multi-scene period as parental lock control reproducing only
one reproduction path has been selected, the procedure moves
to step #1300.
At step #1300 the multi-angle flag VOB_Fm
20 identifying whether the target  connection scene is a
multi-angle scene is reset, and the procedure moves to step
#1302.
At step #1302 it is determined whether either the
preceding VOB seamless connection flag VOB_Fsb or following
25 VOB seamless connection flag VOB_Fsf is set. If step #1302

herefore, be displayed in the decoded order. The



decodes a |l ength of the sub-picture stream St85 correspondi ng to the

specified presentation tine to reproduce and supply to t he

synt hesi zer ‘3500 t he sub-picture signal St99. The

synt hesi zer 3500 superinposes the selector 3400 5 output with the
sub-pi-cture signal St99 to generate and out put t he vi deo signal
St105 to the video data output term nal 3600. The audi o
decoder 3200 generates and supplies to the audi o buffer 2800 the
audi o out put request signal St88 based on the audi o stream decodi ng
start signal St93. The audio 10 buf 186 - 2800 t hus out put s POTEIRAGM2798
stream St87 to the audio decoder 3200. The audi o decoder 3200
decodes a length of the audi o stream St87 corresponding to the
specified presentation time based on the presentation tine

I nformati on contained in the audi o stream St87, and outputs the

decoded audi o stream 15 St101 to the audi o data output term nal 3700.

It is thus possiéterh® NVEF,0dlce. o ther -tiafgdtedeconnectiotl idowmd aséamessmm
MBS in real -tinme according to a user-defined .scenario. Mre

specifically, ecacimécte tthe uder precedissdectthea doflflewdnty,scemarbotht hthe
DVD decoder DCD is able to 20 reproduce the title content desired by

the user in thepresedéng and foddgwange sippnespr ddeciprpasthing NV bo step

bi t stream MBS #1304 corresponding to the sel ected scenari o.

5 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 step #1800.
| However, if step #1302 returns NO, i.e., the target
connection scene does not seamlessly connect to the preceding
10 or following scene, the procedure moves to step #1306.
At step #1306 the interleave flag VOB_Fi is reset,
and the procedure moves to step #1800.
If step #1200 returns YES, however,-i.le., there is
a multi-angle connection, the procedure moves to step #1400,
15 o At. step #1400, the multi-angle £flag VOB_Fm and
inﬁerleave'flag VOB_Fi are set, and the procedure moves to
step #1500. | -
At step #1500 the encoding gsystem controller 200
determines whether the audio and video can be seamlessly
20 switched in a multi-angle scené period, i.e., at a
répréduction unit sméller‘than'the VOB, based on the scenario
data St7. If step #1500.returns NO, i.e., non-seamless
switching occurs, the procedure moves to step #1600.
At step #1600 the multi-angle seamless switching

25 flag VOB_FsV indicating whether angle changes within the



It should be noted that the decoding system controller 2300 may

supply the title information signal St200 25 to the scenario selector
2100 by neans of the infrared -84

PCT/ JP96/ 02798 conmuni cati ons devi ce nentioned
above or anot her neans. Interactive scenario selection controlled by
the user can al so be made possible by the scenario selector 2100
extracting the title information recorded to the optical disk Mfrom
the file 5 data structure area FDS of the bitstreamcontrol data St63
contained in the title information signalll®+200, and diREI/ABAGIR T8I s
title information on a display for user sel ecti on.

Note, further, that the stream buffer 2400, video 10 buf f er 2600,
sub-picture buffer 2700, audio buffer 2800, and reordering buffer
3300 are expressed above and in the figures as separate entities
because they are functionally different. -

multi-angle scene period are seamless or not is ‘reset, and the
procedure moves to step #1800.
However, if step #1500 returns YES, i.e., geamless
switching occurs, the procedure moves to step #;700.
5 At step #1700 the multi-angle seamless switching
'flég VOB;FSV is set, and the procedure moves to step $#1800.
Therefore, as shown by the flow chart in Fig. 34,
ehcode parameter production (step #1800) is only begun after
the editing information is detected from the above flag
10 settings in the scenario data St7 reflecting the user—def;ned
editing instructions.
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 tabies.
g;/ 15 for the VOB Set. units and VOB units as shown in Figs. 27 and
28 to encode_the source streams, and the encoding.parameters
of the VOB data units shown in Fig. 29 are prdduced, in step
#1800. The procedure then moves to step #1900 for audio and
video encoding. ‘
20 ' The éncode parameter production steps (step #1800)
are described in Qreater detail bélow referring to Figs. 35,
36, 37 and 38. |
Based on the encode parameters produced'in step
#1800, the video data and audio data are encoded in step

25 #1900, and the procedure moves to step #2000.



It wll be obvious, however, that a single buffer nenory can be
controlled to provide the sane discrete functionality by 15 ti me-share
controlled use of a buffer nenory with an operating speed pl ural.
times faster than the read and wite rates of t hese separate

buf f er-s.

Mul ti-scene control The concept of

mul ti pl e angl e scene control 20 according to the present invention is
descri bed below with reference to Fig. 21. As described above,
titles that can be pl ayed back with nunmerous variations are
constructed from basi ¢ scene peridd8 -contai ni ng data c@CEDUPG0O2Z28h

title, .and

mul ti-scene -periods conprising groups of different scenes

25 corresponding to the various scenario requests. In Fig. 21,°

-85 -

PCT/ JP96/ 02798 scenes 1, 5, and 8 are the

common scenes of the basic scene periods. The nulti-angle scenes

(angles 1, 2,

5
R
10
o 15
20
25

and 3) between
‘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 unlike

" audio and video data having an extended time-base, sub-picture.

data is usually static, and is not normally presented
continuously. Because the present invention relates
specifically to seamless and non-seamless contiguous
reproductipn as described above, description of sub-picture
data encoding is omitted herein for simplicity.

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 cbntain the 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 completes the VOB Set data

stream and VOB data stream needed for system stream encoding.

. The procedure 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 setting the number

of titles TITLE NO defining the number of scenario



scenes 1 and 5, and the parental |ocked scenes (scenes 6 and 7)

bet ween scenes 5 and 8, are the nmulti-scene periods. 5

Scenes taken fromdifferent angles, i.e., angles 1, 2, and 3 in this
exanpl e, can be dynam cally sel ected and reproduced during pl ayback
in the nulti-angle scene period. In the parental |ocked scene

peri od, however, only one of the avai |l abl e scenes, scenes 6 and 7,
having different content can 10 be sel ected, and nust be sel ected
statically before playback begi ns. Wi ch of these
scenes fromthe nulti-scene periods - 119i-s to be sel ected aPATHRBG/ORATRSed
I s defined by the user operating the scenario selector 2100 and

t hereby generating 15 the scenario selection data St5/. In scenario 1
in Fig. 21 - the user can freely select any of the multi-angle scenes,
and scene 6 has been preselected for output in the parental |ocked
scene period. Simlarly in scenario 2, the user can freely sel ect
any of the mult repigidnctder patdiml It etise 7sbasabbendatd St7pr e Fhlee girpbedure
output in the parental |ocked scene period. Wth reference
to 'Figs. 30 andthen fmovieseromretep H2200. contents of the program chain

I nformati on VISPGCl is described. In Fig. 30, the case that a .
scenari o requested by System sikeeansesfoding BFadiad e VOB (VRR#L)

construction. 25 The scenario 1 and scenario,2 shown in Fi?p' 21 afse) .
descri bed data in the VTS title VOBS (VTSTT_VOBS) ig. is

5 accomplished in step #2200 based on the encoded video stream
- and encoded audio stream output £from step #1900, and the
encode parameters in Fig. 29. The procedure then moves to
step #2300.
At step #2300 the VTS information VTSI, VTSI
10 .ma_nagement table VISI_MAT, VISPGC information table VTS_PGCIT,
and the px;ogram chain information VTS_PGCI#i controlling the
VOB data reproduction sequénce shown in Fig. 16 are produced,
and formatting to, for example, interleave the VOB contained
in the multi-scene periods, is accomplished.
15 The specific. steps executed in this formatting
operation are described below with reference to Figs. 40, 41,
42, 43, and 44.
The encode parameter production subroutine shown as
step #1800 in Fig. 34B is described next using Figs. 35, 36,
20 and 37 using by way of example the operatiop generating the
encode pax;ameter-s for. multi—'angle control.
Starting from Fig. 35, the process for generating
the encode parameters of a'non-seamless switching stream with
multi-angle control is described first. This stream is

25 generated when step #1500 in Fig. 34 returns NO and the
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information  VISPGC#L1 and VTSPGCH2. VTSPGC#1 descri bing the

scenario 1 consists of cell playback : i nformati on CPBI#1

corresponding to scene 1, CPBI#2, CPBI #3, and C PBI#4 within a

mul ti-angle cell block, CPBI#5 5 corresponding to scene 5, C _PBI#6

correspondi ng to scene 6, - and C_PBI#7 corresponding to scene 8.

VTSPCCI #2 descri bing the scenario 2 consists of cel | playback

i nformati on C_PBI#1 corresponding to scene 1, C PBI#2, C PBI#3, and

C_PBI#4 within a multi-angle cell block12a6 cor r espondi ng RGI/3P96/02798

mul ti-angl e scene, CPBI#5 correspondi ng to scene 5, C _PBI#6

corresponding to scene 7, and C_ PBI #7 correspondi ng to scene 8.

According to the digital video system data structure, a scene which

Is a control unit of a scenario is described as a cell whichis a

unit thereunder, 15 thus a scenario requested by a user can be

obt ai ned. 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 = 0. The
following operation produces the encoding information tables
shown in Fig. 27 and Fig. 28, and the encode parameters shown

5 in Fig. 29.

~ At step #1812, 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 #1814 the maximum bit rate ILV_BR of the
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).

" 15 At step #1816, the minimum interleaved unit
presentation time ILVU MT is extracted from the scenario data
8t7.

At step #1818, the video encode GOP structure GOPST
values N = 15 and M = 3 are set, and the GOP structure fixing

20 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.

36. This common VOB data setting routine produces the



In Fig. 31, the case that a scenario requested by t he user shown in
Fig. 21 is showmm with respect to a VOB data construction VTISTTVOBS.
As specifically shown in Fig. 31, . the two scenarios 1 and 2 use the
same VOB data in common. 20 Wth respect to a single scene comonly
owned by each scenari o, VOB#1 corresponding to scene 1, VOB#5
correspondi ng to scene 5; and VOB#8 corresponding to scene 8 are
“arranged in non-interleaved bl ock which is the conti guous bl ock
Wth respect to the nmulti-angle data conmmonly owned 25 by scenarios 1
and 2, ‘one angle scene data is constructag]by PCT/IP96/02798
-87 - PCT/ JP96/ 02798 a single VOB. Specifically
speaking, angle 1 is constructed : by VOB#2, and angle 2 is
constructed by VOB#3, angle 3 is constructed by VOB#4. Thus
constructed nulti-angle data is formed as the interleaved bl ock for
t he sake of switching 5 bet ween each angl e and seanl ess reproduction of

each angle 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
5 VOB, and the video encode start time V_STTM and video encode
" end time V_ENDTM are used as video encoding parameters.

At step #1824 the audio material start time VOB_AST
df each VOB is extracted from the séenario data St7, and’the
audio encode start time A STTM is set as an audio encoding

10 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. This time extracted

at an audio access unit (AAU) is set as the audio encode end

15 time A_ENDTM which is an audio encoding parameter. Note that
the audio access unit AAU is determined by the audio encoding
method.

At step #1828 the audioc start gap A_STGAP obtained

from the difference between the video encode start time V_STTM

20 2: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 the video encode end time V_ENDTM

and the audio encode end time A _ENDTM is defined as a system

25 encode parameter.



dat a. Scenes 6 and 7 peculiar to scenarios 1 and 2, respectively,.

are formed as the interleaved bl ock for the sake of seanl ess
reproducti on between common scenes before and behi nd t hereof as well
as seamnl ess reproducti on between each 10 scene. As
descri-bed in the above, the user's requesting scenario shown in Fig.
21 can be realized by utilizing the - video title playback contro

i nformati on showmn in Fig. 30 and the title playback VOB data
structure shown in Fig. 31. 15 Seam ess pl ayback The
seamn ess pl ayback capability briefly nmeatpned above WRCT/TRS0217980
the digital video disk system data structure is described bel ow
Not e that seanl ess pl ayback refers to the reproduction in a digita
vi deo di sk systemof 20 mul ti medi a data including video, audio, and
sub- pi cture data W thout intermttent breaks in the data or

I nformati on bet ween basi ¢ scene periods, between basic scene periods
and . nmulti-scene pepiodeepaRd gast WoRN vilddd -ERBi P bDESrate V BR is
Har dware factors contributing to intermttent 25 pl ayback of this data

and title contegktiraetedefd66otled scenario data St7, and the video encode bit
rate V_RATE, which is the average bit rate of video encoding,
is set as a video encoding parameter.
5 At step #1834 the audio encoding bit rate A BR is
" extracted from the scenario data St7, and the audio encode bit
rate A RATE is set as an audio encoding parameter.
At step #1836 the video material type VOB_V_KIND is
extracted from the scenario data St7. If the material is a
10 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.
At step #1838 the audio coding method VOB_A_KIND is
o 15 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 V_INTST
sets the initial value of the VBV buffer to a value less than’
20 ‘the VBV buffer end value set by the last video encode data
V_ENDST, and defined as a video encoding pérameter.
At step #1842 the VOB number VOB_NO of the preceding
connection is set to the preceding VOB number B_VOB_NO based
on the setting (= 1) of the preceding VOB seamless connection

25 flag VOB_Fsb, and set as a system encode parameter.



-88 - PCT/ JP96/ 02798 underflow, i.e., an

I mbal ance between the source data input speed and the decodi ng speed
of the input source data. QO her factors relate to the
properties of the pl ayback data. Wen the playback data is data that
must be 5 continuously reproduced for a constant time unit in order for
the user to understand the content or information, e.g., audio dat a,
data continuity is lost when the required continuous presentation
time cannot be assured. Reproduction of such i nf or mati on wher eby
the required continuity is assured is 2023- referred to as " RGTABYW02798

I nformati on reproduction,” or "seanl ess information reproduction.”
Reproduction of this i nformati on when the required continuity cannot
be assured is referred to as "non-continuous information
reproduction," or "non-seam ess information reproduction.” It is
obvious that 15 continuous information reproduction and

non- conti nuous (i nf atmetepni 1844 athes VOB namBer VOB MOtoS alhe following
seanl ess and non- seam ess reproducti on. : Not e t hat

seanl ess reprodechnectdan he fett her the folloatiagoNOBedumbese&#niVOBs Ndabased
reproducti on and seanl ess
' on the setting (= 1) of the following VOB seamless connection
flag VOB_Fsf, and set as a system encode parameter.
5 ' The encoding information table and encode parameters
" are thus generated for a multi-angle VOB Set 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
10 deécribed below with reference to Fig. 37. This stream is
generafed when step #1500 in Fig. 34 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 = i, and VOB_FsV = 1. The
féllowing operation produces the encoding infqrmation tables
15 shown in Fig. 27 and Fig. 28, and the encode 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.
20 , At step #1850, the scenario reproduction sequence
(path) contained in tﬁe scenario.data St7 is extracted, the
VOB Set number VOBS_NO is set; and the VOB number VOB_NO is
get for one or more VOB in the VOB Set.
At step #1852 the maximum bit rate ILV_BR of the

25 interleaved VOB is extracted from the scenario data St7, and



20 i nformati on reproducti on. Seam ess-data reproduction is

defined as preventing physical blanks or interruptions in the dat a
pl ayback (intermttent reproduction) as a result of a buf f er
underfl ow state, for exanple. Seam ess information ~ reproduction is
defined as preventing apparent interruptions 25 in the information when
perceived by the user (intermttent

-89 - PCT/ JP96/ 02798 : present ati on) when

recogni zing information fromthe playback data where there are no
actual physical breaks in the data - 124 epr oducti on. PCHARY6/62798
Seanl ess pl ayback 5 The specific nmethod enabling seani ess
reproduction as thus described is described |ater below.with
reference to ~  Figs. 23 and 24. I nterl eaving

The DVD data system streans descri bed above are

the maximum video encode bit rate V_MRATE from the encode
parameters is set based on the interleave flag VOB_Fi setting
(= 1).

At step #1854, the minimum interleaved unit

5 presentation time ILVU;MT is extracted from the scenario data

- St7.

At step #1856, the video encode GOP structure GOPST
Qalues N = 15 and M = 3 are set, and the GOP structure fixing
flag GOP_Fxflag is set (= 1), based on the multi-scene flag

10 VOB_Fp setting (= 1).

At step #1858, the video encode GOP GOPST is set
to "closed GOP" based on the multi—éngle seamless switching
flag VOB_FsV setting (= 1), and the video ehcoding'parameters
are thus defined. '

15 : Step #1860 is .the common VOB data setting routine,
which is as described referring to the flow chart in Fig. 35.
Further description thereof is thus omitted here.

The encode parameters of a seamless switching stream
with'multi—angle control are thus defined for a VOB Set With

20 multi-angle contfo; as déscribed above.

The process for generating the encode parameters for
a system stream in which parental lock control is implemented
is described below with reference to Fig. 38. This stream is
generated when step #1200 in Fig. 34 returns NO and step #1304

25 returns YES, i.e., the following flags are set as shown:



10 recorded using an appropriate authoring encoder EC as a novie

or other multinedia title on a DVD recordi ng nedium Note that the
foll owi ng description refers to a novie as the multinmedia title
bei ng processed, but it will be obvious that the invention shall not
be so limted. 15 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 nmay even

necessitate editing the content to confer@bt-o the nores and RCT/IP9GO2798
expectations of different cultures. Even using such a

| ar ge-capacity storage systemas the DVD system however, it i's
necessary to reduce the bit rate, and therefore the inmge quality,

If plural full-length titles edited froma single conmon source
title are recorded to a single disk. This 25 probl em can be sol ved by

recordi ng the cvgBDEspakts ofr yoBr&sf = 1, VOB Fp = 1, VOB_Fi = 1, VOB_Fm =
-90 - : PCT/ JP96/ 02798
: ' 0. The following operation produces 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 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.
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 VLMRATE from the encode
parameters is set based on the interleave flag VOB_Fi setting
(= 1). |
At step #1872 the number of interleaved VOB
15 divigions ILV_DIV is extracted from the scenario data St7.
Step #1876 is the common VOB data setting routine,
which is as described referring to the flow chart in Fig. 35.
Further describtion thereof is thus omitted here.
The encode parameters of a system stream in which
20 parental lock control is impiemented are thus defined for a
| VOB Set with multi-scene éelection control enabled as
described above.
The process for generating the encode parameters for
a system stream containing a single scene is described ‘below

25 with reference to Fig. 39. This stream is generated when step



titles only once, and recording the segnents different in each title
for each different title only. This nmethod nakes it possible to
record plural titles for different countries or cultures to a single
optical disk wi thout reducing the bit 5 rate, and, therefore, retaining
hi gh image quality. As shown in Fig. 21, the titles
recorded to a single . ~optical disk contain basic scene periods of
scenes .common to all scenarios, and nulti-scene periods containing
scenes specific to certain scenarios, to provide parental | ock 10
control and nulti-angle scene control fuard@i-ons. PCT/IPR6/PRE98
case of the parental |ock control function, titles containing sex
scenes, violent scenes, or other scenes deened unsuitable for
children, i.e., so-called "adult scenes,"” are recorded with a

conbi nati on of common scenes, 15 adult scenes, and children's scenes.
These title streans are achi eved by arraying the adult and children
S scenes to #900nuini -Bi®ne 3der retdurhet vii@n tihe .conwbenba¥PB_Epefe The
peri ods. Multi-angle control <can be achieved, K in a

conventional si Agldoatigge operas iop presugery thieueacofing Ap§ogmagdon tables
S B R YR LT T TR A P
basi ¢ scene perg%p%&guN%kﬁ, however, that -
5 | At step #1880, the scenario reproduction sequence
(path) contained in the scenario data St7 is exﬁracted, 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 #1882 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 encode
parameters is set based on the interleave flag VOB_Fi setting
(= 1).
Step #1884 is the common VOB data setting routine,
. 15 whiéh-is as described referring to the flow chart in Fig. 35.
| Further description thereof is thus omitted here.

These flow charts for defining. the encoding
information table and encode parameters thus generate the
parameters for DVD video, audio, and system stream encoding

20 . by the DVD formatter. |
Formatter flow charts

The operation of the subroutine executed by the DVD
formattér shown as step #2300 in Fig. 34B is described next
with reference to Figs. 40, 41, 42, 43, and 44. This

25 formatter subroutine generates the DVD multimedia bitstream.



whil e these plural scenes are described here as scenes recorded from

different canera angles (positions), it wll be 25 obvi ous that the
scenes nmay be recorded fromthe sane canera

-91 - PCT/ JP96/ 02798 angl e but at different
tinmes,. data generated by conputer graphics, or other video data.
When data is shared between different scenarios of a single
title, it is obviously necessary to nove the |aser 5 beam LS from
t he common scene data to the non-comobn scene data during
reproduction, i.e., to nove the optical -gRgkup to a PCTAP96/02798
position on the DVD recordi ng nedium RC1. The probl em here is
that the tinme required to nove the opti cal pi ckup nakes it
difficult to continue reproduction w thout 10 creating breaks in the
audio or video, 1i.e.,.to sustain seanl ess reproduction. This
probl em can be theoretically sol ved by providing a track buffer

(stream buffer 2400) to The operation of the DVD encoder ECD 1100 according
| to the present invention is described with reference to the
flow chart in Fig. 40. ©Note that those steps shown in Fig.
40 with a double line are subroutines. |
5 At step #2310 the program chain iﬁformation VTS_PGCI
is set to the VTSI management table VTSI_MAT for the number
of titles TITLE _NUM based on the number of titles TITLE_NUM
in the VOB Set data streaﬁ.
At step #2312 it is determined whether multi-scene

10 " selection control is enabled based'oﬁ the multi-scene flag
VOB_Fp in the VOB Set data stream. If step #2312 returns NO,
i.e.,_mu;ti—écene control.is not enabled, the procedure moves
to step #2114.

At step #2314 the operation for coding a single

15 scene (VOB) executed by the formatter 1100 of the authoring
encoder EC shown in Fig. 25 is accbmplished. This routine is
described later. -

If step #2312 returns YES, i.e., multi-scene control
is enabled, the procedure moves fo step #2116.

20 : ' Aﬁ- step #2316 it is determined whether the
information is to be interleaved or not based on the
interleave flag VOB_Fi staﬁe in the VOB Set data stream. If
step #2316 returns NO, i.e., the information is not to be

interleaved, the procedure moves to step #2314. If step #2316



del ay data output an anmount equivalent to the worst access tinme.

In general, data recorded to an optical disk is read 15 by the
optical pickup, appropriately processed, and tenporarily
stored to the track buffer. The stored data is subsequent |y
decoded and reproduced as video or audi o data. Definition. of

I nterl eavi ng To thus enable the user to selectively
exci se scenes 20 and choose from anong plural scenes, a state
wherein non-sel ected scene data is recorded inserted between
conmon ' scene data and sel ectiy28 scene dat a necessarRCK/IRAGOR7O8
because the data units associated with individual scenes are
contiguously recorded to the recording tracks of the recording 25

medi um If data is then read in the recorded sequence,

-92 - PCT/ JP96/ 02798 non--sel ect ed scene data nust
be accessed before accessing and decodi ng the sel ected scene data,

and seam ess copgeGrh8N¥ES, i.e., the information is to be interleaved, the
procedure moves to step #2318.
At step #2318 it is determined whether'multi-angle
control is to be implemented based on the multi-angle flag
5 VOB_Fm in the VOB Set data stream. If step #2318 returns NO,
" the parental lock control routine in step #2320 is executed.
If step #2318 returns YES, the procedure moves to step #2322.
| At step #2320 the opefation for formatting the VOB
Set for parental lock control is executed. This subroutine
10 is shown in Fig. 43 and described below.

At step #2322 it is determined whether multi—angle
seamless switching is required based on the multi-angle
'seamleés switching flag VOB_FsV. -If‘multi—angle switching is
accomplished without seamless switching, i.e., with

\/J 15 non-seamless switching and step #2322 returns Nd, the
procedure moves to step #2326;

The multi-angle non-seamless switching control
routine executed in step #2326 by the formatter 1100 of the
authoring encoder EC in Fig. 25 is described.later with -

20 reference to Fig. 41.
| If ﬁulti—angle switching is accomplished with
seamless switching control, i.e., step #2322 returns YES, the
procedure moves to step #2324.
The multi-angle seamless switching control routine

25 executed in step #2324 by the formatter 1100 of the authoring



with the selected scene is difficult. The excellent random access
characteristics of the digital video disk system 5 however, nake

seanl ess connections with the sel ected scenes possi bl e.

In other words, by splitting scene-specific data into plural units
of a specified data size, and interl eaving plural split data units
for different scenes in a predefined 10 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 without
data interruptions by internitteni29-accessing and decdﬂﬁﬁ@?ﬁ@@ﬂlﬁﬁ61
specific to the sel ected scenes using these split data units.

Seam ess 15 data reproducti.on is thereby assured. I nterl eaved

bl ock and Interleave unit : The interl eaving nethod enabling
seanl ess data reproduction according to the present invention is
descri bed below with reference to Fig. 24 and Fig. 57. Shown in Fig.
20, 24 is a cafeofieemmehiih riy ce2scenadeesribedbdater weikbh i reference to
branchi.ng from one video object VOB-A to one of plural video : obj ect s
VOB- B, VOB-C, ariigvOB2D, and then nergi ng back again to a single

vi deo object VOB-E. The actual arrangenent of t hese bl ocks recorded
to a data recording trackThR omediskelaybask infiesmatisn JPCS7. information

entries C_PBI) -of the VTS information VTSI set as previously"
5 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. If NO, control loops back to-step #2312,
and the process runs again. If YES, all sets have been
10 formatted, the procedure terminates.
Referring to Fig. 41, the multi-angle non—seaﬁless
switching control routine executed in step #2326 when step
#2322, Fig. 40, returns NO is described._ This routine defines
the interleaved arrangement of the multimedia bitstream MBS,
15 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 #2340 based on the multi-angle flag VOB_Fm
20 sefting (= 1) declaring'whether'multi-anglg control is applied
in the multi—scene period, the cell block mode CBM (Fig. 16).
of the cell playback information blocks C_PBI #i cqntaining
the VOB control information for each scene is declared
according to the position of the angle data. For example, the

25 cell block mode CBM of the MAl cell (Fig. 23) is declared as
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Fig. 57, VOB-A and VOB-E are video obj ects with i ndependent

pl ayback start and end tines, and are in principle arrayed to
contiguous bl ock regions. As shown in Fig. 24, the playback start
and end tinmes of VOB-B, VOB-C, 5 and VOB-D are aligned during
interleaving. The interleaved data bl ocks are then recorded to
disk to a contiguous i nterleaved bl ock region. The conti guous

bl ock regi ons and interl eaved bl ock regions are then witten to
disk in the track path Dr dired8®en in the pl ayback PSCK{IRI6/@2798
Pl ur al 10 vi deo objects VOB, i.e., interleaved video objects VOBS,
arrayed to the data recording track TR are shown in Fig. 57.

Referring to Fig. 57, data regions to which data is conti nuously
arrayed are called "blocks,"” of which there are two types:
"contiguous block regions" in which VOB with 15 di screte starting and
end points are oobt tgudnsliyater ajed beafithning of the "¢celkrbbovled theckBM of -

regions” in.which plural VOB with aligned
‘ 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 block.
5 At step #2342 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 #i containing
the VOB control information for each scene is declared as 01b
10 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 each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
W 15 which is set ﬁo 1 to indicate a seamless connection.
At step #2346 the STC resetting flag STCDF is set
to ‘1 in the cell pléyback information blocks C_PBI #i
containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
20 which is.set to 1 to indicate a seamless connection.
At step #2348 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the éell playback information blocks
C_PBI #i containing the VOB control information for each scene
based on the multi-angle seamless switching flag VOB _FsV

25 state, which is set to 1 to indicate interleaving is required.



starting and end points are interleaved. The respective bl ocks

are arrayed as shown in Fig. 58 in the playback sequence, i.e.

bl ock 1, block 2, block 3, . . . block 7. 20 ' As shown in
Fig. 58, the VIS title VOBS (VTSTTVOBS) consi st of blocks 1 - 7,

I nclusive. Block 1 contains VOB 1 al one. .Blocks 2, 3, 5, and 7
simlarly discretely contain ' VOGBS 2, 3, 6, and 10. Bl ocks 2, 3,
5, and 7 are thus’ contiguous bl ock regions. .

-94 - ' PCT/ JP96/ 02798 Bl ock 4, however,
contains VOB 4 and VOB 5 i nterl eaddd -t oget her, while bIRCKIBI6/02798
contains VOB 7, VOB 8, and VOB 9 interleaved together. Bl ocks 4
and 6 are thus i nterleaved bl ock regions. 5 . The

i nternal data structure of the contiguous bl ock regions is shown in
Fig. 59 with VOB-i and VOB-j arrayed as the contiguous blocks in

the VOBs. As described with
' At step #2350 the location of the navigation pack

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
5 detected based on the minimum interleaved unit presentation
" time ILVU MT information (a formatter parameter obtained in
step #1816, Fig. 34), the location of the VOBU expressed as’
the number of sectors from the VOE beginning, for example, is
thus obtained, and the title editing unit VOB is divided into

10 interleave units using VOBU units.
| For example, if in this example the minimum
interleaved unit presentation time ILVU MT is 2 sec and the
presentation time'éf one VOBU is.0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that this
s 13 allocation operation is applied to the VOB constituting each

multi;scene data unit.

At step #2352 the interleave units of each VOB
obtained from step #2350 are arranged in the cell block mode
CBM sequence (cell block beginning, middle, and end cells)
20 written as the VOB qpntrol inforﬁation for each scene in step
#2340 to form the interleaved blocks as shown in Fig. 57 or
58. 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 MAl, MA2, and MA3 (Fig. 23)

25 are arranged in that sequence.



reference to Fig. 16, VOB-i and VOB-j inside the contiguous " bl ock

regions are further logically divided into cells as the 10 - playback
unit. Both VOB-i and VOB-j in this figure are shown conpri sing
three cells CELL #1, CELL #2, and CELL #3. ' Each cel
conpri-ses one or nore video object unit VOBU with the video object
unit VOBU defining the boundaries of the cell. Each cell also
contains information identifying 15 the position of the cell in the
program chain PGC (the pl ayback control information of the digital
vi deo di sk system). More specifiedB2y, this position i FCHRIA/IVI8S
t he address of the first and last VOBU in the cell. As also shown
in Fig. 59, these VOB and the cells defined therein are also 20
recorded to 'a contiguous bl ock region so that contiguous bl ocks are
contiguously reproduced. Reproduci ng these conti guous bl ocks is
therefore no problem The internal data structure of the
interleaved bl ock Akegiteps #x3sahaMe ireRivéd sedttot heunbéer Feamedhe -
bl ock regions 25 . each video object VOB is divided into interleaved
uni'ts | LVUY, 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 obtained in step #2350.
- 5 At step #2356 the first cell VOBU start address
N> : '
" 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
10 cell based on the VTS title VOBS (VTSTT_VOBS) data obtained
in step #2352.
The angle #i VOBU start address NSML_AGL Cl1_DSTA -
NSML_AGL C9 DSTA of the non-seamless angle information
NSML_AGLI (Fig. 20) in the navigation pack NV of each VOBU is
W I35 written at step #2358. This address is expressed as the
relative sector number inside the data of the interleaved
blocks formed in step #2352, and declares the address
informatidn (Fig. 20) of the navigation pack NV contained in
the VOBU of all angle scenes néar the presentation start time |
20 of the VOBU being processed.
At step #2360 "7FFFFFFFh" is Written to the angle
#i VOBU start address NSML_AGL Cl1_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
25 is the last VOBU of each scene in the multi-scene period.
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| LVU associated with each VOB are alternately arrayed. Cel |
boundaries are defi ned i ndependently of the interleaved units

| LVU. For exanpl e, VOB-k-is divided into four interleaved units

I LVUKI ., 1LVWk2, 5 | LVUk3, and |ILVUk4, and are confined by a single cel
CELL#kK. VOB-k is |likew se divided into four interleaved units

I LvUmM , I LVUn2, 1LVUB, and ILVUM, and is confined by a sincle cel
CELL#m .Note that instead of a single cell CELL#k or CELL#m each of
VOB-k and VOB-m can be divided into nore1B8Ban two 10 cel | sSPCT/TR26/02798

i nterl eaved units |ILVU thus contains both audio and vi deo data.

In the exanple shown in Fig. 60, the interleaved units | LVUK1,

| LVUk2, |1LVWk3, and |LVUk4, and |LVUM, |LVU, | LVUn8, and | LVUM,
fromtwo different video objects VOB-k and 15 VOB-m are alternately
arrayed within a single interl eaved bl ock. By interleaving the
interleaved units | LVU of M@ routineVtlie® fAItniss tMeBintethesaved @lansies fior
I s possible to achi eve seanl ess reproduction branching from one

scene to one of multi-angle abnseeamdesandwitomingecafitpdlirial theemed tiic soene
scene. 20 Mul ti -scene control

10

20

25

period, and formats the cell control information as the
reproduction control information for those multiple scenes.

Referring to Fig. 42, the multi-angle seamless
switching cont#ol routine executed in step #2324 when step
#2322, Fig. 40, returns YES is described. This routine
defines the interleaved arrangement of the 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.
multimedia bitstream MBS.

At step #2370 based on the multi-angle f£lag VOB_Fm
setting (= 1) declaring*whether'muiti-angle control is applied
in the multi-scene period, the cell block mode CBM (Fig. 16)
of the cell playback information blocks C_PBI #i containing
the VOB control information f;r each scene is declared
according to the positioﬁ of the angle data. For éxample, the
cell block mode CBM of the MAl cell (Fig. 23) is declared as
01b to indicate the beginning of the cell bloék, 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 block.

At step #2372 based on the multi-angle flag VOB_Fm

gsetting (= 1) declaring whether multi-angle control is applied



The nmulti-scene period is described together with t he concept of

mul ti-scene control according to the present I nvention using by way
of exanple a title conprising scenes recorded fromdifferent angles.
-96 - PCT/ JP96/ 02798 ~ Each scene in

mul ti--scene control is recorded from the sane angle, but may be
recorded at different tines or may even be conputer graphics data.
The nmul ti-angl e scene periods may therefore also be called

mul ti-scene periods. 5 Parental contraol The concept of
recording plural titles conprising - 134kt ernati ve scenes fRET/IRRAG/02798
functions as parental |ock control and recording director's cuts is
descri bed bel ow using Fig. 15. 10 : An exanple of a
mul'ti-rated title stream providing for parental |ock control is

shown in Fig. 15. Wen so-called

in the multi-scene period, the cell block type CBT (Fig. 1s6)
of the cell playback information blocks C_PBI #i containing
the VOB control information for each scene is declared as 01b
to indicate an "angle."

5 - At step #2374 the seamless playback flag SPF (Fig.

~16) is set to 1 in the cell playback information blocks C_PBI
#1 containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1 to indicate a seamless connection.

10 . At step #2376 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
on the precedinj VOB seamless connection flag VOB_Fsb state,
which is set to 1 to.indicate a seamless connection.

15 At step #2378 the interleaved allocation flag IAF
(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 multi-angle seamless switching £flag VOB_FsV
state, which is set to 1 to indicate interleaving is required.
20 At step #2380 the location of:the navigation pack
NV (relative sectbr 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

25 time ILVU MT information (a formatter parameter obtained in



"adult scenes" containing sex, violence, or other scenes deened

unsui table for children are contained in atitle I npl enenti.ng
parental |ock control, the title streamis 15 recorded with a

conbi nati on of comon system streans SSa, SSb, and Sse, an

adul t--oriented system stream SSc containing the adult scenes, and a
child-oriented system stream SSd containing only the scenes suitable
for children. Title streans such as this are recorded as a

mul ti-scene system 20 stream containing the adult-oriented system
stream Ssc and the chi | d-oriented3 gysten1strean1Ssd arliGl/ERP6/R2 TR
mul ti-scene peri od between common system streans Ssb and Sse.

The rel ati onshi p between each of the conponent titles and the
system streamrecorded to the programchain PGC 25 of atitle stream
thus conprised is described bel ow

-97 - PCT/ JP96/ 02798 The adult-oriented

title program cbaep BG854, Fig. 36), 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.
5 o 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 constituting each
10 multi-scene data unit.
At step #2382 the interleave unité of each VOB
obtained from step #2380 are arranged in the cell block mode
CBM sequence (cell block beginning, middle, and end cells)
written as the VOB control information for each scene in step
15 #2360 to form the interleaved blocks as shown in Fig. 57 or
58. 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 MAl, MA2, and MA3 (Fig. 23)
are arranged in that sequence.
_20 At step #2384 the relative sector humber from the
| VOBU start is writﬁen'to the VOB end pack address VOBU_EA
(Fig. 20j 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

25 C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA



conprises in sequence the comon system streans Ssa and Ssb, - the
adul t-oriented system stream Ssc, and the common system stream Sse.
The child-oriented title programchain PGC2 5 conprises in sequence the
comon system streans Ssa and Ssb, the child-oriented system stream
Ssd, and the commobn system stream Sse. By thus
arraying the adult-oriented system stream Ssc and child-oriented
system stream Ssd to a nulti-scene 10 peri od, the decodi ng net hod

previ ously described can reproduce the title containin
adult-oriented content by reproduci-ng thd36- conmon syste%ﬂgﬂﬂBﬁﬂﬂ2E%%[
and Ssb, then selecting and reproduci ng the adult-oriented system
stream Ssc, and then’ reproduci ng the comopn system stream Sse as

i nstructed by the 15 adult-oriented title programchain PGClL. By
alternatively following the child-oriented title program chain PGC2
and selecting the child-oriented systemstream Ssd in the

mul ti-scene periespreaseld be- theenuabetr bifesbraorehifebmt hbe beginning of the
adult-oriented scenes have been expurgated can be reproduced. 20 '

Thi's net hod of WFASvitditdg iVORSe(VTSTR VOBYamre writtemnasitbheeaddpesseg of
containing plural alternative scenes, sel ecting which of the scenes

in the nultl-scéh@|ﬁ§ﬁk2?Q%Q? packs ¥ f tbpr fdwesd a3t okastp| ¥YBYcRn each
begi ns, and generatlng plura titles contalnln t
title content b@el z?aSGQMQReﬁhﬁnV%%é%k%l¢n %%?t(VT§ V@ﬁﬁ.paﬁﬁﬁtgg%%iﬂ?

control .
N 5 in step #2382.
~ At step #2388 the relative sector number from the

VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigatioﬁ pack NV of each VOBU based on the
interleave unit data obtained in steé #2370.
10 The angle #i VOBU start address SML_AGL_Cl1_DSTA -
SML _AGL C9_DSTA of the seamless angle information SML AGLI
(Fig. 20) in the navigation pack NV of each VOBU is written
at step #2390. This address is expressed as the relatiye
sector number inside the data of the interleaved blocks formed
15 in step #2382, and declares the address informétion (Fig. 20)
of the navigation pack NV contained in the VOBU of all angle
scenes with a start time contiguous to the reproduction end
time of the VOBU being processed.
At step #2392 "7FFFFFFFh" is written to the angle
20 #1 VOBU start address SML_AGL_Cl_DSTA - SML_AGL_C9_DSTA of the
seamless angle information SML_AGLI (Fig. 20) in the
navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit érranged in step #2382 is the last -

interleave unit of each scene in the multi-scene period.
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| ock control

_ PCT/ JP96/ 02798 Not e t hat paréntal
IS so nanmed 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
for statically 5 generating different title streans by neans of the

user

pre-sel ecting specific scenes froma nulti-scene peri od.

Note, further, that this contrasts with nulti-angl'e scene contro
which is a technology for dynam cally chﬁgging t he content of

single title by nmeans of the user sel ecti

- 10 scenes fr orﬁ@'ﬁ/dp95/02793

multi-scene period freely and in real-tinme during title playback.
This parental |ock control technology can al so be used to enabl e
title streamediting such as when nmaking the director's cut. The
director's cut refers to the process of 15 editing certain scenes from

‘a novie to,

| 5
'\\/'

10
. 15
g

20

for exanple, shorten
This routine thus formats the interleaved blocks for

multi-angle seamless switching control in the multi-scene
period, and formats the cell control information as the
reproduction control information fof those multible scenes.

The parental lock subroutine (step #2320, Fig. 40)

- executed when step #2318 in Fig. 40 returns NO, i.e., when it
is-determined that parental lock control is implemented and
not multi-angle control, is described next with reference to
Fig. 43.

The parental lock subroutine described below writes
the interleave unit arrangement of the multimedia bitstream,
the content of the PGC information entries C _PBI #i (cell
,pléyback information) shown in'Fig. 16, and the navigation
péck NV information shown in Fig. 20, to the generated DVD
multimedia bitstream.

" At step #2402 a value "00b" is written to the cell
block mode CBM (Fig. 16) of the cell playback information
blocks C_PBI #i containing the VOB control information.for'
each scene based on the multi-angle flag VOB_Fm state, which
'is set to 0 to indicate that -multi-angle control is not
enabled in the multi-scene period.

At step #2404 the seamless playback flag SPF (Fig.
16) is set to 1 in the cell playback informaﬁion blocks C_PBI

#i containing the VOB control information for each scene based



the total presentation tine. This may be necessary, for exanpl e,
to edit a feature-length novie for view ng on an ai rpl ane where the
presentation time is too | ong for view ng within the flight tinme or
certain content nmay not be 20 acceptable. The novie director thus.
determ nes which scenes - may be cut to shorten the novie. The title
can then be recorded with both a full-length, unedited system stream
and an edited systemstreamin which the edited scenes are

recorded to nmulti-scene periods. At the transition fromone 25 system
streamto another system streamin such'é%%rications, PCT“P9@MZi%8
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be able to nmaintain snooth playback i mage output. Mre specifically,
seanl ess data reproduction whereby a data underfl ow state does not
occur in the audio, _ vi deo, or other buffers, and seanl ess
i nformation reproduction 5 whereby no unnatural interruptions are
audi bl'y or visibhythe preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1 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
5 containing the VOB control information for 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 #2408 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information blocks
10 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 #2410 the navigation pack NV position
information (the rela.tive sector number from the VOB start)
15 is detected from the title editing unit (VOB) obtained from
the system encoder 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 #1874 in Fig.
38, to obtain the VOBU position information (number of sectors
20 from the VOB start), and divide each VOB into the specified
nﬁmber of interlea\.re units in VOBU unité. |
At step #2412 the interleave units obtained in step
#2410 are then interléaved. For example, the interleave units

are arranged in ascending VOB number sequence to create the

25 interleaved blocks as shown in Fig. 57 or 58, and the-



perceived in the audio and video pl ayback, are necessary.

Mul ti-angle control The concept of multi-angle scene
control in the present invention is described next with reference to
Fig. 33. 10 In general, multinedia titles are obtained by recording
both - t he audi-o .and video information (collectively "recordi ng"

bel ow) of the subject over time T. The angl ed scene bl ocks #SC1,
#SML, #SM2, #SMB, and #SC3 represent the nultinedi a scenes obt ai ned
at recording unit times T1, T2, and T3 by 15 recording th | e t
respective canera angles. Scenes -13%wm, #Swe, and #SNBﬁﬂfﬁgé%@ﬁzﬁ%b
at nutually different (first, second, and third) canera angl es
during recording unit time T2, and are referenced bel ow as the
first, second, and third angl ed scenes. 20 Not e t hat
the multi-scene periods referenced herein are basically assuned to
conprise scenes recorded from . different angles. The scenes n%y,
however, be recontetlepnved blocks heawaneaddgie bot dthedi fYES entitifes VOBS
t hey may be conputer - graphics data. The multi-angle scene periods

aré thus the 23VTSTRuNOBSdcene periods from which plural scenes can be

sel ected o
At step #2414 the relative sector number from the

VOBU start is written to the VOB end pack address VOBU_EA
5 (Fig. 20) in the navigatioﬁ pack NV of each VOBU based on the
' VOBU position information obtained in step #2186.
At step #2416 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 the
10 'VTé 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) data obtained
in step #2412.
At step #2418 the relative sector number to the last
15 interleave unit pack is written to the ILVU end pack address
ILVU EA in the navigation pack NV of the VOBU forming the
interleaved units based on the interleaved unit data obtained
from step #2412.
At step #2420, the relative sector number in-the
20 interleaved block data formed in step #2412 is written to the
next-ILVU start addreés NT___ILVU_éA as the position information
of the next ILVU in the navigation packs NV of the VOBU

contained in the interleaved unit ILVU.
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sane tine period, whether or not the scenes are actually recorded at
di ffrerent canera angl es. - Scenes #SCl1 and #SC3 are scenes
recorded at the sane comon canera angle during recording unit times
Tl and T3, 5 i.e., before and after the multi-angle scenes. These
scenes are therefore called "common angl e scenes.” Note that one of
the nultiple canera angles used in the nulti-angle scenes is : usual I'y
the sane as the common canera angl e. To underpﬁiﬁ ét@

rel ati onshi p between these various 10 ‘14%hgled scenes, multi- éﬁ)/ gﬁe
control is described bel ow using a live broadcast of a baseball gane
for exanple only. The common angl e scenes #SCl and #SC3
are recorded at the common canera angle, which is here defined as
the view fromcenter field on the axis through the pitcher, batter,
and 15 cat cher. The first- angl ed. scene #SML is

recorded at the first =~ At SﬁﬁPt#?é&@eﬁ&QmﬁﬂQﬁrleﬁyédt?&i%aﬁ%ﬁﬁ.ﬁhgpeflag
fromthe DackstPp ot to £"ih End*niviGaeidn HaSkENG"SE: cRL 688h c8hfainea
in the interleaved unit ILVU; _
At step #2424; the Unit END flag of'the navigation
5 pack NV in the last VOBU of the interleaved unit ILVU is set
N~ - to 1. |
At step #2426 "FFFFFFFFh" is written to the
next-ILVU start address NT_ILVU SA of the navigation pack NV
of the VOBU in the last interleaved unit ILVU of each VOB.
10 _ The .operation. described above thus formats the
interleaved blocks to enable parental lock control in the
muiti-scene periods, and formats the control infqrmation in
the cells, i.e., the cell p;ayback control information for the
-ﬁulti—scene periods.
15 The single scene subroutine executed as étep #2314
in Fig. 40 when steps #2312 or #2316 return NO, i.e. , when
the scene is determined to be a single scene and not a
multi-scene period, is described next ﬁsing Fig. 44.
The single scene subroutine described below writes
20 the interleave unit arrangement of the multimedia bitstream,
J the cbntent of the PGC inférmation entries C_PBI #i (cell
playback information) shown in. Fig. 16, and the navigation
pack NV information shown in Fig. 20, to the generated DVD.

multimedia bitstream.



second angl ed scene #SM2 is recorded at the second 20 mul ti-camera
angle, i.e., the view fromcenter field on the axi s through the
pitcher, batter, and catcher. Note that the second angl ed scene
#SM2 is thus the sane as the. conmon canera angle in this exanple.
It therefore follows that the second angl ed scene #SM2 is the sane

as the common angl e scene #SC2 = 25 recorded during recording unit time
T2. The third angl ed -101-

PCT/ JP96/ 02798 scene #SMB is recorded at the third | - a
angle, i.e., the canera angl e f rohtk he backstop focusi ﬁ%#%@%ﬁ

I nfield. The presentation tinmes of the nmultiple angle
scenes #SML, #SM2, and #SMB overlap in recording unit time T2; this
5 period is called the "multi-angle scene period." By freely
selecting one of the nultiple angle scenes #SML, #SM2, and #SMB i n
this nulti-angle scene period, the viewer is able to - change his or
her virtual view ng positAbnstepe#p$3y0aa value "00b" indicating a "non-cell
block", i:e., that there is only one cell in the functional
block, is written to the cell block mode CBM (Fig. 16) of the
cell playback information blocks C_PBI #i containing the VOB
5 control infofmation for each scene based on the multi-scene
- flag VbB_Fp state, which is set to 0 to indicate that the
scene is a single scene and not part of a.multi-scene period.
Aﬁ step #2432 the interleaved allocation flag IAF
(Fig. 16) is set to 0 in the cell playback information blocks
10 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 0 to indicate interleaving is not
required. _
At step #2434 the navigation pack NV position
15 information (the relative sector number from the VOB start)
is detected from the tiﬁle editing unit (VOB) obtained from
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.
20 | At step #2436 the relative sector number from the
VOBU stért is written to the VOB end pack addresé VOBU_EA
(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

25 C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA



different view of the gane as .though the actual canera angle 10 S
changed. Note that while there appears to be a tine gap bet ween
common angl e scenes #SCl and #SC3 and the multiple angl e scenes
#SML, #SM2, and #SMB in Fig. 33, this is sinply - to facilitate the
use of arrows in the figure for easier description of the data
reproduction paths reproduced by 15 sel ecting different angled scenes.
There is no actual tine gap during playback.
Mil ti-angl e scene control of the system stream based on the present
invention is described next with referend€2to Fig. 23 RCHRIL02798
perspective of connecting data blocks. The 20 mul timedi a data
correspondi ng to common angl e scene #SC is ref erenced as common
angl e data BA, ‘and the conmon angl e data BA in recording unit tines
Tl and T3 are referenced as BAl and BA3, respectively. The
mul timedi a data corresponding to the mul tiple angl e scenes #SM.,
#SM2, and #SMB exprestedeasethesnu@ber ofisettosxactnom the bagiuningl ef and
scene data MAL, MA2, and MA3. :
-102 - the endpgf; jpespegtihgely, the VTS title VOBS (VTSTT VOBS) of
the value written as the addresses of the navigation packs NV
of the first and last VOBU in cell based on the VTS title VOBS
5 (VISTT_VOBS) data obtained in step #2434.
At step #2440 the state determined as a result of
step #300 or #600 in Fig. 34, 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
10 evaluated. If step #2440 returns YES, the procedure moves to
step i#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
15 on the preceding VOB seamless connection 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 control information for each scene based
20 on the preceding 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.



As previously described with reference to Fig. 33, scenes from

the desired angled can be viewed by sel ecting one of the mul tiple
angle.data units MAI, MA2, and MA3. There is al so no tine gap

bet ween the common angl e data BAl and BA3 and the 5 mul tiple angle
data units MAl, MA2, and MA3. In the case of an MPEG system stream

however , intermttent breaks in the playback information can
resul t bet ween the reproduced comon and nultiple angle data
units dependi ng upon the content of the data at th

10 bet ween the selected multiple angt&3ata unit MAL, MA2, ?ﬁﬁﬁﬁgbé%Zfaa
MA3 and the common angle data BA (either the first comon angl e
data BAI before the angle selected in the multi-angle scene
period or the commopn angle data BA3 followi ng the angle sel ected
in the nulti-angle scene period). The result in this 15 case is that
the title streamis not naturally reproduced as a single

contiguous title, i.e., sAtnbbtep #2446rtheoseanless playback fléQa@HFe&Eag
but non-seam ess information reproduction results

mul'ti-angl e sel 281i 48 PrbceR L vifeitdisy cgdd B@aYbaCk 1nf°§WﬁFéPnsPéﬂ€§S 6 i,
| ect | d df t L ti-
Seant 055 1 it or MHE, SRR LAERS e B, CPREROL infottiaticd B dhell oel Arpen

;js?gifL;Pﬁg E?lOMIgg Br%BBhH%&tVBE seamless coﬁﬂegtggﬂikfggvbgﬁgFgLSEtate,

5 whlch is set to 0 to indicate a non-seamless connection.
N~ At step #2448 the STC resetting flag STCDF is set

to 0 in the cell playback information blocks C _PBI #i

dontaining the VOB control information for each scene based

on the preceding VOB .seamless connection flag VOB_Fsb state,
10  which is set to 0.

The operation described above thus formats a
multimedia bitstream for a single scene perioa, and records
the control information in the cells, i.e., the cell playback
control information (C_PBI #i, Fig. 16), and the information

15 in the navigation pack NV (Fig. 20), to thé produced DVD
multimedia bitstream.
Decoder flow charts
DlSk to-stream buffer transfer flow
The decoding information table produced by the
20 decoding system controller 2300 based on the scenario
sélection data St51 is described below referring to Figs. 45
and 46. The decoding information table comprises the decoding
system table shown in Fig. 45, and the decoding table shown

in Fig. 46.



Changi ng the scene angle, i.e., selecting one of the mul tiple

angl e data units MAL, MA2, and MA3, nust be conpl eted 25 before
reproduction of the preceding coomon angle data BAL is

-103 - PCT/ JP96/ 02798 conpleted. It is extrenely
difficult, for exanple, to change to a different angle data unit MA2
during reproduction of common angl e data BAl. This is because the
mul ti medi a data has a variable | ength coded MPEG data structure,

whi ch makes 5 it difficult to find the data break points ( '
in the _ sel ected data bl ocks. The'@ﬂﬁeo-nay al so be disréﬁﬁﬁﬁ§%¢é§y%
the angle is changed because inter-frane correlations are used I n

t he codi ng process. The group_of pictures GOP processing unit of the
MPEG standard contains at |east one refresh frane, 10 and cl osed
processi ng not referencing franmes belonging to another GOP is
possible within this GOP processing unit. I n other words,

i f.the desired. angl e dat aAse.shpwn in Fig. 45, the decoding system table
comprises a scenario information register and a cell
information register. The scenario information register
records the title number and other scenario reproduction.

5 information selected by the user and extracted from the

- gcenario 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 into the scenario

10 information register.

Moxe specifically, the scenario information register
contains- plural sub-registers, i.e., the angle number
ANGLE_NO_reg, VIS = number VTS_NO_reg, PGC number
VTS_PGCI;NO_reg, audio ID AUDIO_ID_rég, suﬁ—picture "ID

7 15 SP_ID reg, and the system clock 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
next VTé reproduced from amoﬁg_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 set VTS
ig to be reproduced for parental lock control or other

25 applications.



MA3, is selected before reproduction reaches the nmulti-angle scene

period, and at the |atest by the tinme reproduction of 15 t he preceding
common angl e data BAl is conpleted, the angle data sel ected from
within-the nulti-angle scene period can be seanl essly reproduced.
However, it is extrenely difficult whi | e reproduci ng one angle to .
sel ect and seanl essly reproduce anot her angle within the sane

mul ti-angle scene period. It 20 is therefore difficult when in a '

mul ti-angle scene period to dynamically select a diff
unit presenting, for exanple, a° \]/f'éw froma different q%i‘%?@%ﬁe

Fl ow chart:
PCT/ JP96/ 02798

encoder -104 -

The encoding information table

generated by the encodi ng system controller 200 from i nformation
extracted from the scenario data St7 is described belowreferring to

Fig. 27.
dat a

10

15

- 20

25

The encoding information table contains VOB set
The audio ID AUDIO_ID_reg records which of the

- plural audio streams in the VTS are to be reproduced.

The sub-picture.ID SP_ID reg records 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 feferepce.
SCR.recorded to the pack header as shown in Fig. 19. &as
described using Fig. 26, this temporarily stored system clock
reference SCR is outpu; to the decoding system controllexr 2300
as the bitstream control data St63.

The cell information register contains the following
sub-registers: the cell block mode CBM_reg, cell block type
CBT reg, seamless reproduction flag SfF_reg, interleaved
allocation 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 address
C_LVOBU_SA reg.

The cell block mode CBM reg stores a value
indicating whether plural cells constituté one functional
block. If there are ﬁot piural cells in oné functionai block,
CBM_reg stores N_BﬁOCK. If plufal cells constitute one
functional block, the value F_CELL is stored as the CBM reg
value of the first cell in the block, L CELL is stored as the

CBM reg value of the last cell in the block, and BLOCK is



5 streans containing plural VOB corresponding to the scene

peri ods begi nning and ending at the scene branching and . connecti ng
“poi nts, and VOB data streans corresponding to each scene. These VOB
set data streams shown in Fig. 27 are the encodi ng i nformation
tabl es generated at step #100 in Fig. 34 10 by the encodi ng system
controller 200 for creating the DVD mul timedi a stream based on the
user-defined title content. The user-defined scenario

contai ns branching points from commpn scenes to plural

connection points to ot her conmonl4@enes. The VOB co#&ggggﬁﬁpﬁgsto
the scene 15 period delimted by these branching and connecting points
S a VOB set, and the data generated to encode a VOB set is the

VOB set data stream The title nunber specified by the VOB set data
streamis the title nunber TITLENO of the VOB set data stream. 20
The VOB Set data structure in Fig. 27 shows the data content for
encodi ng one VOBtewedi astthe WBY swg oft Haduecahl cells behiweetpiphe §dxsty ard
VOB set nunmber VOBSNQO, _t he VOB nunber VOBNO in the VOB set, the
preécedi ng VOB séafitesglégnaBcthBnblock. | ag VOBFsb, the fol | owing VOB

isﬁ??r ?szgopln:ct ron flag Tﬁg celi/cgfgék é}%ae 'It ifesé:esq:%xfelsa%-¥§ugpdektfﬁing
g —
the type of the block indicated by the cell block mode
5. CBM reg. If the cell block is a multi-angle block, A BLOCK
N~ - is stored; if not, N_BLOCK is stored.

The seamless reproduction flag SPF_reg stores a -
value defining whether that éell is seamless copnected with
the cell or cell block reproduced therebefore. If a seamless

10 connection is specified, SML is stored; if a seamless
cohnection is not specified, NSML is stored.

The interleaved allocation flag IAF reg stores a
value idéntifying whether the cell exists in a contiguous or
interleaved block. If the cell is pért'of a an interleaved

15 block, ILVB is stored; otherwise N_ILVB is stored.

~The STC résetting flag STCDF defines whether the
systém time clock STC used for synchronization must be reset
when the celi is reproduced; when fesetting the system time
clock STC is necessary, STC RESET is stored; if resetting'is

20 not necessary, STC_NRESET is stored.

The seamléss angie change flag SACF_teg stores a
value indicating whether a cell in a multi-angle period should
be connected seamlessly at an angle change. If the angle
change is seamless, the seamless angle change flag SACF is set

25 to SML; otherwise it is set to NSML.



-105 - PCT/ JP96/ 02798 _ VOBFi, the nmulti-angle flag
VOB Fm the multi-angle seam ess swtching flag VOB FsV, the nmaxi num
bit rate of the interl eaved VOB | LV_BR, the nunber of interleaved
VOB divisions ILV.DV, and the mninmm interleaved unit 5
presentation time | LVU M. The VOB set nunber VOBSNO is a
sequenti al nunber identifying the VOB set and the position of the
VOB set in the reproducti on sequence of the tiitle scenario.

The VOB nunber VOBNO is a sequential number 10 identifyin V d
the position of the VOB in the rebﬂ)ductlon sequence o&éﬁ@’%ﬁ@g
scenari o. The precedi ng VOB seam ess connection flag
VOBFsb i ndi cates whether a seanl ess connection with the preceding
VOB Is required for scenario reproduction. 15 The
foll owi ng VOB seanl ess connection flag VOBFsf I ndi cat es whet her
there is a seanl ess connection with the foll owi ng VOB durin
scenario reproduction. ~The first cell VOBU start address C_FVOgU_SA;reg
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
5 (VISTT_VOBS) as measured by and expressed (stored) as the
~ - number of sectors.
The last cell VOBU start address C_LVOBU_SA reg
stores the VCBU start address of the last cell in the block.
The value of this address is also expressed as the distance
10 from the logic sector of the first cell in the VTS title VOBS
(VTSTT_VOBé) ﬁeasured by and expressed (stored) as the number
of sectors. |
The decoding table shown in Figs. 45 and 46 is
described below. As shown in Figs. 45 and 46, the decoding
15 table comprisés the following registers: information.regiéters
for non-seamless multi-éngle control, information fégisters
for seamless multi-angle control, a VOBU information register,
and information registers for seamless reproduction.
The information fegisters for non-seamless
20 multi-angle | control  comprise sub-fegisters
J NSML_AGL_Cl1_DSTA reg - NSML_AGL_'¢9_DSTA_reg._ _
NSML_AGL_Cl _DSTA reg - NSML_AGL C9_DSTA reg record
the NMSL_AGL__Cl_'DSTA - NMSL_AGL_C9_DSTA values in the PCI

packet shown in Fig. 20.



The multi-scene flag VOBFp identifies whether the VOB set conprises

plural video objects VOB. 20 The interl eave flag VOB _Fi

i dentifies whether the VOB in the VOB set are interl eaved.

The multi-angle flag VOB_Fmidentifies whether the VOB set is a

mul ti-angle set. -106 -

PCT/ JP96/ 02798 The multi-angle seam ess switching flag
VOB FsV i dentifies whether angle changes within the nulti-angle
scene period are seanm ess or not. The maxi num bi t _
rate of the interleaved VOB ILVBR 5 - t4fines the maxi num bPCIVE96/02798 he
I nterl eaved VOBs. The nunber of interleaved VOB divisions
| LVDI V identifies the nunber of interleave units in the interl eaved
VOB. The mninuminterl|l eave unit presentation tine

The information registers for seamless multi-angle
control comprise sub-registers  SML_AGL Cl_DSTA reg -
SML. AGL C9_DSTA_ reg. |
SML_AGL C1_DSTA reg - SML_AGL C9_DSTA reg record the
-5 SML,_AGL _Cl_DSTA - SML AGL_C9_DSTA values in the DSI packet
shown in Fig. 20.
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
10 comprise the followihg sub-registers: an interleaved unit flag
ILVU flag reg, Unit END flag 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 the VOB (Initial Video Frame Presentation
. 15 Start Time) VOB_V_SPTM reg, the presentation end time of the
last video frame in the VOB (Final Video Frame Presentation
Termination Time) VOB_V_EPTM reg, audio reproduqtion stopping
time 1 VOB A STP PTM1_reg, audio reproduction stopping time
2 VOB _A STP_PTM2_ reg, audio reproduction stopping period 1
20 VOB_A_ GAP_ LEN1_reg, and audio reproduction stopping period 2
VOB_A_GAP LEN2_reg. |
The interleaved unit flag'ILVU_flag_reg stores the
value indicating whether the video object unit VOBU is in an
interleaved block, and stores ILVU if it is, and N_ILVU if

25 not.



10 | LVUMI defines the time that can be reproduced when the bit

rate of the smallest interleave unit at which a track buffer dat a
underfl ow state does not occur is the maxinmumbit rate of the

interl eaved VOB ILVBR during interleaved bl ock reproduction. 15
The encoding information table for each VOB generated by the
encodi ng systemcontroller 200 based on the scenario data St7 is
descri bed below referring to Fig. 28. The VOB encodi ng paraneters
descri bed bel ow and supplied to t he video encoder 300, audi o encoder
700, and system encoder 20 900 for st4%eam encodi ng are pr PAIYIRI6H2798
on this encoding - information table. The VOB dat a
streans shown in Fig. 28 are the encodi ng i nformati on tables
generated at step #100 in Fig. 34 by the encoding systemcontroller
200 for creating the DVD 25 mul ti nmedi a stream based on the user-defined
title content. -107 -

PCT/ JP96/ 02798 The Unit END flag UNIT_END_flag_reg 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 wunit for continuous reading, the

5 UNIT_END;flag_reg stores END if the VOBU 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 addresé of the last péck in the ILVU to which the VOBU

10 belongs if the VOBU is in an interleaved block. This address
is expressea 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

W 15 interleaved unit ILVU if the VOBU is in an interleaved block.
This addreés 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

20 of the first video frame in the VOB starts.

The Final Video Frame Presentation Termination Time
register VOB_V_EPTM reg stores the time at which presentation
of the last video frame in the VOB ends.
| The audio reproduction stopping time 1

25 VOB_A STP_PTM1l_reg stores the time at which the audio is to



The encoding unit is the video object VOB, and the data generated to
encode each video object VOB is the VOB data stream For exanple, a
VOB set  conprising three angl e scenes conprises three video objects
VOB. The data structure shown 5 in Fig. 28 shows the content of the
data for encodi ng one VOB in the VOB data stream

The VOB data structure contains the video materi al start tine
VOBVST, the video material end tinme VOBVEND, the ' vi deo signal type
VOB V_KIND, the video encoding bit rate 10 VBR, the audio materi al
start tine VOBAST, the audio mat €80 al end ti ne VOBAENDPCT/FRO6H21708
codi ng net hod : VOB _AKI ND, and the audi o encoding bit rate ABR

The video nmaterial start time VOBVST is the video encodi ng start
time corresponding to the tinme of the video 15 si gnal .

The video material end time VOBVEND is the video encodi ng end tine
corresponding to the tine of the video si gnal . The

video naterial bgpepyBe¥ KikbD iegeliel | @ sytéhroniiRiti®im ! hearedcogied audio
material is in the NISC or PAL format, for- exanple, or is

phot ogr aphi ¢ matreprafiu¢caionvetoppingepanpdb@)l VOB_A GRPVBENEdJrég atores the
t el evi si on broadcast format (so-called tel ecine conver sion).
length of this pause period.
The audio reprbduction stopping time 2
5 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. 47.
10 _ At step #310202 it is first determined whether a
disk has been inserted. 1If 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.
s 15 At step #310206, the video manager VMG (Fig. 21) is
read and the wvideo title set VIS to be reproduced is
extracted. The procedure then moves to step #310208.
At step #310208, the video title set menu address
information VTSM_C ADT is extracted from the VTS information
20 VTSI, and the procedure moves to step #310210.
- At step #310210 the video title set menu VTSM_VOBS
is read from the disk based on the video title set menu
address information VTSM_C ADT, and the title selection menu

is presented.



The video encoding bit rate V.BRis the bit rate at 25 whi ch the video

signal- i s encoded. -108 -

PCT/ JP96/ 02798 " The audio material start tine VOBAST is
the audio encoding start tinme corresponding to the tine of the audio
si gnal . ' " The audio material end tinme VOBAEND is the audio

5 encoding end tinme corresponding to the tine of the audio

si gnal . The audi o coding net hod VOB A KIND identifies the
audi o encodi ng nethod as AC-3, MPEG or linear PCM for exanple. 10
The "audi o encoding bit rate ABR is the bjg1 rate at _ whi PETIIPO6H2GD®
signal -i s encoded. The encodi ng paraneters used by the

vi deo encoder 300, sub-picture encoder 500, and audi o encoder 700,
and

The user is thus able to select the desired title
from this menu in step #310212. If the titles include both
contiguous titles with no user-selectable content, and titles
cohtaining audio numbers, sub-picture numbers, or multi-angle

5 scene content, the user must also enter the desired angle
number. Once the user selection is completed, the procedure
moves to step #310214.

At step #310214, the VTS_PGCI #i program chain (PGC)

data block corresponding to the title number selected by the
10 user is extracted from the VTSPGC information table VTS_PGCIT,
and the procedure moves to step_#310216.

Reproduction 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

s I3 thereafter to be reproduced as determined by monitoring 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. 48. The
20 program chain PGC reproduction routine consists of steps
#3103l0, #31032, #31034, and #31035 as shown.

At step #31030 the decoding system table shown in

Fig. 45 is defined. The angle number'ANGLE_NO_reg, VTS number

VTS _NO_reg, PGC number VTS_PGCI_NO_reg, audio ID AUDIO_ID_reg,



system encoder 900 for VOB encoding are shown in Fig. 29. The 15

encodi ng paraneters include: the VOB nunber VOBNO, video encode
start tinme VSTTM video encode end time VENDTM the vi deo encode
node V_ ENCMD, the video encode bit rate VRATE, t he maxi num vi deo
encode bit rate V_ MRATE, the GOP structure fixing flag GOP_ Fxfl ag,
the video encode GOP structure GOPST, 20 the initial video encode data
VI NTST, the | ast video encode data V_ENDST, the audi o encode start
time ASTTM the audio encode.end tine AENDTM the audi o encode bit
rate ARATE, the . - - audi o encode nethpgp AENCMVMD, the audi o RPCIVIP9§A2798
A STGAP, the audi o end gap AENDGAP, the precedi ng VOB nunber

B VOB NO, and 25 the foll owi ng VOB nunber F_VOB_ NO.

-109 - PCT/ JP96/ 02798 The VOB nunber
VOBNO i s a sequential nunber i dentifying the VOB and the position of
the VOB in the repr oducti on sequence of the title scenario.

‘and sub-picture ID SP_ID reg are set according to the
selections made by the user using the scenario selector 2100.
Once the PGC to be reproduced is determined, the
corresponding cell information (PGC information entries C_PBI
5 - #3) is extracted and the cell informatién.register is defined.
The sub-registers therein that are defined are the cell block
mode CBM reg, cell block type CBT_ reg, seamléss reproduction
flag SPF_reg, interleaved allocation flag IAF_reg, STC
resetting flag STCDF, seamless angle change flag SACF_reg,
10 first cell VOBU start address C_FVOBU_SA reg, and last cell
VOBU start address C_LVOBU_SA reg.
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 buffer (step
o/ 15 #31034) are activated in parallel.

| The process transferring data to the stream buffer
(step #31032) is the process of transferring data from the
recording medium M to the stream buffer 2400. This is,
therefore, the processing of reading the required data from
20 the recording medium M and inputting the data to the stream
buffer 2400 according to the user-selected title information
and the playback control information (navigation packs NV)

written in the stream. |
The routine shown as step #31034 is the process for

25 decoding the data stored to the stream buffer 2400 (Fig. 26),



The video encode start tinme V.STTMis the start tine 5 of video

mat eri al encodi ng. The video encode end tine VENDTMis the
end tinme of video material encoding. - The vi deo
encode node VENCMD i s an encodi ng node for declaring whether reverse
tel eci ne conversion shall be 10 acconpl i shed during video encoding to
enabl e efficient coding when the video naterial is telecine
converted material. The video encode bit rate VRATE is the
average bit rate of video encoding. The maxi num

vi deo encode bit rate V_MRATE is the 15153 . nmaxi mumbit rate PCIVIP96£02798
encodi ng. The GOP structure fixing flag GOPFxfl ag
specifies whet her encodi ng is acconplished without changing the GOP
structure in the mddle of the video encodi ng process. This is a
useful parameter for declaring whether seam ess switch 20 I's enabled in
a nulti-angle scene period. The vi deo encode GOP structure

GOPST is the Gy ouag,}zgrtw%gﬁesdaééoﬁéammdéggt_he video data out]

initial video encode ets t Initial value of the VI

buf fer (decodercbufifs) $608 ordtahdio Zata Altpilaerined groand Thus, is

referenced during video decoding to
the process for decoding and reproducing the data stored to

the stream buffer 2400.
5 Note that step #31032 and step #31034 are executed
in parallel.

The pfocessing unit of step #31032 is the cell, énd
as processing one cell is completed, it is determined in step
#31035 whether the complete program chain PGC has been

10 processed. If processing the complete 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.

w 15 Decoding process in the stream buffer

The process for decoding data in the stream buffer
2400 shown as step #31034 in Fig.'48 is descfibed below
referring to Fig. 49. This process (step #31034) comprises
steps #31110, #31.112, #31114, and #31116.

20 At step #31110 data is transferred in pack units
from the stream buffer 2400 to the system decoder 2500 (Fig.
'26). The procedure then 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

25 2600, sub-picture buffer 2700, and audio buffer 2800.
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buffer. This is a useful paraneter for declaring seanl ess
reproduction with the precedi ng encoded vi deo stream

The | ast video encode data VENDST sets the end 5 val ue 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 paraneter for decl ari ng seamnl ess
reproduction with the precedi ng encoded video stream 10

The audi o encode start time ASTTMis thel®art tine of PETAIR96/02798
mat eri al encodi ng. The audi o0 encode end tine AENDTMis the
end tine of audio material encoding. The audio

encode bit rate ARATE is the bit rate 15 used for audi o encodi ng.
The audi o encode nmet hod AENCVD identifies the audio :

At step #31112 the Ids of the user-selected audio
and sub-picture data, i.e., the audio ID AUDIO_ID reg and the
sub-picture ID SP_ID reg stored to the scenario information
register shown in Fig. 45, are compared with the stream ID and

5 sub-stream ID read from the packet header (Fig. 19), and the
matching packets are output to the respective buffers. The
procedure then moves ﬁé step #31114.

The decode timing of the respective decoders (video,

sub-picture, and audio decoders) is controlled in step #31114,
10 i.e., the decoding operations of the decoders are
synchronized, and the procedure moves to step #31116.

Note that the decoder.synchronization process oﬁ
step #31114 is described below with reference to Fig. 50.

The respective elementary strings are then decoded

\;/ 15 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 decodes the data from the
audio buffer. |

20 This stream buffer data decoding process then
terminates when these decoding processes are completed.

The decoder synchronization process of step #31114,

Fig. 49, is described below with reference to Fig. 50. This

processes comprises steps #31120, #31122, and #31124.



encodi ng method as AC-3, MPEG or linear PCM for exanple.

The audi o start gap ASTGAP is the tinme offset bet ween the start of
the audi o and video presentation at the 20 beginning of a VOB. This is
a useful paraneter for declaring seanl ess reproduction with the
precedi ng encoded system stream The audi o end
gap A ENDGAP is the tine offset bet ween the end of the audio and

vi deo presentation at the end -
111 - PCT/ JP96/ 02798 of a VOB. This is a usefu
paranmeter for declaring seanl ess - I8production Wt h t hePOT¢P9€/02398
encoded system stream The precedi ng VOB nunber B VOB NO
is the VOB _NO of the preceding VOB when there is a seam essly
connected 5 precedi ng VOB. The foll owi ng VOB nunber F
VOB NO is the VOB NO of the follow ng VOB when there is a seam essly
connect ed

At step #31120 it is determined whether a seamless
connection is specified between the current cell and the
preceding cell. If a seamless connection, the procedure moves

to step #31122, if not, the procedure moves to step #31124.

o 5 C A process synchronizing operation for producing
= seamless connections is executed in step #31122, and a process
synchronizing operation for non-seamless connections is
executed in step #31124.
Special Reproduction
10 The use of special reproduction modes such as fast
forward and reverse play from a multi-scene period as shown
~in Fig. 21 recorded to a recording medium M using an
interleaved block bitstream arrangement as shown in Fig. 58
L is considered below.

15 The execution of special reproduction modes such as
fast forward and reverse ("special-mode reproduction" below)
using an MPEG bitstream is described with réference to Fig.
51. Bach block labelled "V" in Fig. 51 corresponds to one
group_of_pictures GOP. During fast forward reproduction the

20 reproduction process does not reproduce every GOP in the
bitstream, but skips GOP in the forward direction TRF to
discretely select andlreproduce GOP data at a regular interval
starting from the reproduction start position of each selected

GOP. This selection period may be constant or may vary



foll owi ng VOB. The operation of a DVD encoder ECD
according to the 10 present invention is described below with reference
to the flowchart in Fig. 34. Note that the steps shown with a
double line are subroutines. It should be obvious that while t he
operation described below relates specifically in this case to the
DVD encoder ECD of the present invention, the 15 operati on descri bed

al so applies to an authoring encoder EC. At step #100, the
user inputs the editing commands according to the user-defined
scenario while confirmng the conisgt of the nul ti medi PCIVIPIGL2T9E a
streans Stl, St2, and St3. 20 At step #200, the
scenario editor 100 generates the scenario data St7 containing the’
above edit conmand i nformati on according to the user's editing

I nstructions. When generating the scenario data St7 i.n
step #200, the user editing commands related to nmulti-angle and

gg}?gégg/02798 according to the GOP selected. A simild® process is executed
' during reverse mode reproduction with the data bging read in
the reverse direction TRB.
Two methods can be used to discretely select non-
o 5 contiguous GOP from a contiguous bitstream: pre-reading and
~ storing into memory the address information of every GOP to
be selected and reproduced, or sequentially dynamically
reading the address information of the next GOP to be selected
dufing the reproduction process. The former method is
10 impractical because of its large system memory requirements.
As a fesult, the present invention is an improvement of the
latter sequential address determination method.
The latter method can also be achieved in two ways:
determining the location of the next GOP to be reproduced
' 15 based on the bitstream rate or other constant factors, or
recording the address of the next GOP according to the
reproduction speed to the bitstream together with the audio
and video data, and extracting this address information during
reproduction.
20 ' Furthermore, if all frames in each of the discretely
selected GOPs is reproduced, a particular number of I-frames
or P-frames in the GOP will be selected and reproduced. During

such special'reproduction modes only part of the data in the

bitstream is usually decoded and displayed.



| ock multi-scene periods in which interleaving is presuned must be

I nput to satisfy the follow ng conditions. First, the VOB
maxi mum bit rate nmust be set to assure sufficient inmage quality,
and the track buffer 5 capacity, junp performance, junp tinme, and
junp di stance of t he DVD decoder DCD used as the reproduction
apparatus of the DVD encoded data nust be determ ned. Based on these
val ues, the reproduction tine of the shortest interleaved unit is
obtai ned fromequations 3 and 4. Based on the reproduction 10 time of
each scene in the nulti-scene period, iligust then be PO BIPYGEXT98
whet her equations 5 and 6 are satisfi ed. | f equations 5 and 6 are
not satisfied, the user nust change the . edit commands unti |
equations 5 and 6 are satisfied by, for exanpl e, connecting part of
the follow ng scene to each scene 15 in the nulti-scene period.

When nulti-angle edit commands are used, equation 7 nmust be

satistied for seamess swihpbiag, 3pd sﬁ@fir%ﬁm system 3Gl hech a

audi o reproduction tine wt e reproducti me of each scene in

each angl e must-gam&ht Q?QQem stfeatlis pdi@itIRATLES EhoWK eI ﬂHeltﬁullﬁﬁdscéhé
user must enter command to satisfy equation 8.

step #300, the pegﬂddgg ﬁysm@,coguolﬁlq 260, and Fig. 31, special- mode

reproduction cannot be easily accqmplished.

5 For example, when the address of the next GOP is
sequentially determined when branching from the common scene
to one of the plural system streams in the multi-scene period
(one of the multiple angle scenes or parental lock control
scenes), it is possible to calculate the address of the next

10 GOP £from the bit rate when the branch destination is
contiguously arrayed. When the branch destination is not
"contiguously arrayed, however, this calculation is not
possible. In addition, if the address of the next GOP is
recorded as an address on only one of the plural possible

w15 reproduction paths, it is not possible to follow the other
reproduction path branch, and this is not acceptable.
Furthermore, the available disk capacity cannot be efficiently
used if all possible branch destinations are recorded. As the
number of common scenes increases, the number of branch
20 destinations to be recorded also increases, data generation

(coding) becomes more complex, and coding becomes impractical.

As a result, it becomes difficult to follow the
selected reproduction path during fast forward reproduction

" of only one multi-scene reproduction path. It is accordingly



first determ nes whether the target scene is to be seanlessly

connected to the preceding scene based on the scenario data 25 St7.
-113 - PCT/ JP96/ 02798 Not e t hat when
t he preceding scene period is a mul ti-scene period conprising
plural scenes but the presently sel ected target scene is a common
scene (not in a nulti-scene period), a seam ess connection refers
to seanl essly connecting 5 the target scene with any one of the
scenes contained in the preceding nmulti-scene period. When t he
target scene is a mul ti-scene pi8+od, a seanl ess coRGHZIRISH2TOBI |
refers to ' seamnl essly connecting the target scene wth any one of
t he - scenes fromthe sane nmulti-scene period. 10

If step #300 returns  NO, i.e., a non-seanl ess . connection is
valid, the procedure noves to step #400. At step #400,
t he encoding systemcontrol |l er 200

also difficult to follow the selected reproduction path during
reverse reproduction of only one multi-scene reproduction
path.
When VOB-B, VOB-C, and VOB-D are interleaved as
5 shown in Fig. 57 to enable seamless reproduction between
common scenes and the selected reproduction path from a multi-
scene period for parental lock control or t_nulti—angle scene
selectioh, it is even more difficult to dynamically calculate
the address of the next GOP. As a result, achieving fast
10 forward or reverse mode reproduction at system stream branches
and connections is still difficult, just as when interleaving
is not used.
Therefore, the object of the present invention is
to provide a multimedia optical disk whereby special
w 15 - reproduction modes can be accomplished even when the cells
forming plural program chains share selected VOB or when the
system streams are divided into plural VOB interleaved in
interleaved units ILVU; a recording method and a reproduction
method for recording and reproducing said multimedia optical
20 disk; and a recording apparatus and a reproduction apparatus
implementing said recording method and reproduction method,
respectively.
The present invention also provides a data structure
whereby special reproduction modes such as fast forward and

25 reverse play can be achieved, and the data can be easily



resets the precedi ng VOB seanl ess connection flag VOB Fsb
I ndi cating whether there is a seanl ess connection between the 15 - 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 precedi ng scene, the procedur e noves
to step #500. 20 - At step #500 the encodi ng system
controller 200 sets t he precedi ng VOB seanl ess connection flag

VOB _Fsb.

procedure then noves to step #600.

At step #600 the encoding system control hgg.200 detpgrIPYE?02798
whet her there is a seam ess connection between the 25 target and
foll ow ng scenes based on scenario data St7. |If

-114 -

PCT/ JP96/ 02798 step #600 returns NO i.e.,

a non-seanl ess connection is - valid, the procedure noves to step

#700.

10

20

25

produced, for a digital video disk system even when common VOB
are used to form plural program chains.

This data structure is characterized by recording
both the cell start address and end address information to the
cell reproduction information to enable reverse mode
reproduction. To enable high speed special mode repro&uctioﬁ,
the skip destination address records an address within the
same cell or an address indicating an address outside the cell
(e.g., an address value that is invalid as a DVD relative
address), and ea¢h cell is therefore independent of every
other cell. The data of each cell can therefore be easily
generated even when cells are shared by plural program.chains
PGC.

The first embodiment of the present invention is
described below. .

To enablé high speed special-mode reproduction in
this first embodiment, information indicating an address
beyond the cell border is recorded when the address of the
skip destination is outside the cell.

The relative sector information used to rapidly move
according to the reproduction speed to the sector of the VOBU
containing the next GOP during fast forward or reverse mode
reproduction of bitstream data according to the present
invention is described below with reference to Fig. 32, This

relative sector information is recorded in the present



At step #700, the encoding systemcontroller 200 resets the
foll ow ng VOB seanl ess connection flag VOBFsf 5 I ndi cating whether there
is a seaml ess connection with the foll owi ng scene. The procedure

t hen noves to step #900. However, if step #600 returns
YES, i.e., there is a seanl ess connection to the follow ng scene,

t he procedure noves to step #800. 10 At step #800 the
encodi ng systemcontroller 200 sets the foll owi ng VOB seanl ess
connection flag VOBFsf. The . procedure then noves to step #900.

At step #900 the encoding system contral {gy-200 det er npQaRIPSBANITO8
there is nore than connection target scene, 15 I .e., whether a

mul ti-scene period is selected, based on the scenario data St7. As
previ ously described, there are two possi bl e control methods in

mul ti-scene periods: parental |ock control whereby only one of
plural possible reproduction paths that can be constructed fromthe

scenes in the nu$dnefSNeas?Che @@)@'tpdsééjriﬁpr:!.ﬂ%B%Qtléﬂd \P@&t&'s@f%% the
control whereby the reproduction path can be swtched wiThin t

mul ti-scene navigetiod packrRventrhdi Gheaest rucewred cINdigs bltstream is
If step #900 returns NO, i.e., there are not mul tiple scenes, the
procedure novesas prvepudllfdescribed with reference to Fig. 22 and Fig. 16,
and the structure of the navigation pack NV is as described
5 with reference to Fig. 20 and Fig. 32. Only the VOBU search
information VOBU_SRI is therefore described below.

The VOBU search information VOBU_SRI comprises
search information (FWDIn, FWDI Next) used for reproduction
in the normal direction, i.e., fast forward direction, and

10 search information (BWDIn, BWDI Prev) used for reproduction
in the reverse direction.

The index n to the FWDI and BWDI addresses declafes
the relative reproduction time from the VOBU containing the
navigation pack NV where the reproduction time corresponds to

~ 15 0.5 sec. x n. For e#ample,.FWDI 120 declares the relative
sector_address of the VOBU reproduced 60 sec. later during
normal reproducﬁion. FWDI Next declares the relative sector
address of the next VOBU,'and BWDI Prev declares the relative
sector address of the preceding VOBU.
20 VOBU search information VOBU_SRI parameters FWDI 1 -
240, FWDI Next, BWDI 1 - 240, and BWDI Prev do not record
address information for any VOBU outside the cell containing
that navigation pack NV. More specifically, if the data that
would be accessed at the relative reproduction time from the

25 VOBU of the cell for which the navigation pack NV is being
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multi-scene flag VOB Fp I denti fyi ng whet her the VOB set conprises
pl ural video objects VOB (a multi-scene period is selected) is
reset, and the procedure noves to step #1800 for encode paraneter
production. 5 Thi s encode paraneter production subroutine is described
bel ow. However, if step #900 returns YES, there is a

nmul ti-scene connection, the procedure noves to step #1100.
At step #1100, the nulti-scene flag VOB Fp is set, 10 and the procedure

noves to step #1200 whereat it is judgedig] - whet her a mul PCTARER2798
connection is selected, or not. At step #1200 it is
determ ned whet her a change is ' made between plural scenes in the
multi-scene period, i.e., whet her a nulti-angle scene period is
selected. If step #1200 15 returns NO i.e., no scene change is
allowed in the mul ti-scene period as parental |ock control

reproducing onlgritten is outside that cell, the FWDI and BWDI record a value
gimply indicating that the destination address is outside the

current cell, and do not record a valid address value. This

value hay be, for example, "3FFFFFFFh." An address enabling

5 VOBU to be sampled and reproduced at a regular interval, i.e.,

an address enabling high speed reproduction, is thus recorded.

Reproduction of a digital wvideo disk and program

chaiﬁ PGC by means of the decoding system controller 2300 of

the DVD decoder DCD according to the present invention is

10 described next with reference to Fig. 47 and Fig. 52.

The DVD reproduction process is shown in Fig. 47.
When the digital video disk ig inserted, the video title set
VTS information to be reproduced is extracted, the VTS_PGCI
#i prbgram chain (PGCX data block'corresponding to the title
w 15 | numbgr selected by the user'is extracted from the VTSPGC
information table VTS_PGCIT, and the selected scenario is
reproduced according to the VTS PGCI #i program chain
information. Fig. 47 has already been described above, and
further description thereof is thus omitted below.

20 The process of the decoding system controller 2300
when a special reproduction mode such as fast forward or
reverse play is selected by the user during reproduction
according to the program chain information is described below

with reference to Fig. 52.



one reproducti-on path has been sel ected, the procedure noves to step
#1300. At step #1300 the nmulti-angle flag VOBFm 20
identifying whether the target connection scene is a

mul ti-angle scene is reset, and the procedure noves to step #1302.

At step #1302 it is determ ned whether either the precedi ng VOB
seamnl ess connection flag VOB Fsb or following 25 VOB seanl ess -
connection flag VOB Fsf is set. |If step #1302

-116 - PCT/ JP96/ 02798 returns YES, i.e., the
target connection scene sean essly - 16xonnects to the prepedyre/d27938
follow ng, or both the precedi ng and foll owi ng scenes, the procedure
noves to step #1304. 5 At step #1304 the interl eave
flag VOB Fi identifying whet her the VOB, the encoded data of the
target scene, is :

At step #331202 the VOBU search information VOBU_SRI
is read from the DSI packet data of the VOBU navigation pack
NV from the stream buffer 2400 as the data currently being

" reproduced in the VTS title VOBS (VTSTT VOBS) based on the
5 VTS_PGCI #i program chain information.

At step #331203 the decoding system controller 2300
sets the address Adsi to the VOBU search information VOBU_ SRI
of the navigation pack NV of the next VOBU to be reproduced
based on the reproduction mode, i.e., whether normal or

10 special-mode reproduction, and the reproduction speed of fast |
forward and reverse reproduction operations. As described with
reference to Fig. 32, if the reproduction mode is normal
reproduction, the address Adsi value is set to the FWDI Next
parameter declaring the next DSI packet address (Fig. 32). If

~ 15 fast forward, reverse, or other special reproduction mode is
executing, the address Adsi is set to the other VOBU search
information VOBU_SRI parameters (FWDI 1 - 240, BWDI 1 - 240)
according to the reproduction speed.

At step #331204 it is determined whether the next

20 data to be reproduced is valid based on the address Adsi value
obtained in step #331203. As a.result, a value greater than
the highest possible address value of the volume space VS of
the recording medium M is used as the address Adsi value.
Assuming that a single-side, single-layer disk is used by way

25 of example only, the value 3FFFFFFFh is used. If YES is



interleaved is set. The procedure then noves to step #1800.

However, if step #1302 returns NO, i.e., the target connecti on scene
does not seanl essly connect to the preceding 10 or follow ng scene, the
procedure noves to step #1306. At step #1306 the
interleave flag VOB Fi is reset, . and the procedure noves to step
#1800. If step #1200 returns YES, however, i. e., there is
a multi-angle connection, the procedure noves to step #1400. 15

At step #1400, the nulti-angle flag VOB_ Fm and interl eave flag
VOBFi are set, and the procedure noves Qg3 . step #1500. pCT/IP96/02798
At step #1500 the encodi ng system controller 200 det er m nes whet her -
t he audi o and video can be seanlessly 20 switched in a mlti-angle
scene period, i.e., at a reproduction unit smaller than the VOB,
based on the scenario data St7. | f step #1500 returns NO i.e.,
non- seam ess swi tching occurs, the procedure noves to step #1600.

At step #1600 t%}%‘édai W&%@ﬁ?iﬂé;’“ﬁ%e@e’&%rﬁied A9 MBF§¥ra to be

i ndi cati ng whet e changes w
reproduced is not data within the same cell, i.e., not data

within the cell range declared to C_PBI, and the prqcedure
moves to step #331206. If NO. is returned, data to be
5 reproduced remains, and the procedure moves to step #331205.
At step #331205 the navigation pa?k NV specified by
the address Adsi is accessed, and the bitstream producer 2000
is controlled ﬁo read the VOBU following that navigation pack
NV. The read data is also transferred to the stream buffer
10 2400, If fast forward, reverse, or other special reproduction
mode is selected, data that is not displayed for the VOBU
currently being reﬁroduced and stored in the stream buffer
2400 is destroyed when data is transferred to the stream
buffer 2400, and operation downstream fiom the sjstem decoder
N~ 15 2500 is interrupted. As a result, only data for the frames to
be displayed during high speed reproduction is supplied to the
system decoder 2500, and smooth high speed reproduction can
be achieved.
At step #331206 it is determined whether the
20 reproduction mode is forward or reverse. If forward, the
procedure moves to step #331207; if reverse, the procedure
moves to step #331210. |
At step #331207 the j parameter indicating the
reproduction cell sequence in the VTS_PGCI #i extracted at

25 step #310214, Fig. 47, i.e., the PGC information C_PBI #j
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are seanless or not is reset, and the procedure noves to step #1800.

However, if step #1500 returns YES, i.e., seamnl ess swi t ching occurs,

the procedure noves to step #1700. 5 At step #1700 the

mul ti-angl e seanl ess sw tching flag VOB _FsV is set, and the

procedure noves to step #1800. Therefore, as shown by the

flow chart in Fig. 34, encode parameter production (step #1800) is

only begun after the editing information is detected fromthe above
10 settings in the scenario datgegt.7 reflecting the usergpediorpsk

editing instructions. Based on the user-defined editing

i nstructions detected from the above flag settings in the scenario

St7, information is added to the encoding information tables
for the VOB Set units and VOB units as shown in Figs. 27 and

28 to encode the source streans, and the encodi ng paraneters of the

VOB data units gaawa iR Fige 3%3%0q¥0r “nt ] ’%%‘ §t§8ces§?%eaﬁa89% rDface egy

procedure then noves to~step

0 enco |ng

The encode paraqgtghcggagﬂgbupa stjens 1(jst ep #1800)

At step #331208 it is determined whether the cell

to be reproduced in the normal direction is valid based on the

5 VTS_PGCI #i program chain information extracted at step

#310214 and the reproduction cell sequence j obtained in step

#331207.

If the next cell reproduction information C PBI is

not in the VTS_PGCI #i program chain information based 6n

10 C_PBI result obtained in step #331207, the process terminates.

If the cell continues based on the C_PBI result obtained in

step #331207, i.e., if PGC information C_PBI #j+1 as specified

by the reproduction cell sequence j parameter obtained in step
#331207 exists, the procedure moves to step #331209.

15 At step #331209 the first cell VOBU starﬁ address

C_FVOBU;SA at VOBU j from the cell reproduction information

C_PBI of program chain information VTS_PGCI #i is read and

assigned to address Adsi, and the procedure moves to step

#331205.

20 At step #331210 the cell preceding the currently
reproduced cell in normal reproduction is reproduced.

At step #331211 it is determined whether the cell

to be reproduced in the reverse direction is valid based on

the program chain information VTS_PGCI #i extracted at step

25 | #310214. More specifically, if the cell reproduction



are described in greater detail belowreferring to Figs. 35, 36, 37
and" 38. Based on the encode paraneters produced in step
#1800, the video data and audio data are encoded in step 25 #1900, and
the procedure noves to step #2000.

-118 - PCT/ JP96/ 02798 Note that the
sub-picture data is normally inserted . during video reproduction
on an as-needed basis, and contiguity with the precedi ng and
foll owi ng scenes is - therefore not usually necessary. Moreover,

t he sub-picture 5 data i s normallygsvi deo i nformati on fRCTAOPSs/O2P98E,
and unli ke audi o and vi deo data having an extended tinme-base,
sub-picture data is usually static, and is not nornmally presented
conti nuously. Because the present invention relates

specifically to seanmless and non-seamnl ess contiguous 10

reproduction as descri bed above, description of sub-picture
information C_PBI #j defined by the j parameter decremented

in step #331210 is recorded to the program chain information
VTS _PGCI, it is known that.the cell to be reproduced next in
reverse sequenée is valid, and the procedure moves to step
5 #331211. If said cell reproduction information C_PBI #j is not
recorded to the program chain information VTS_PGCI, it is
known that the cell to be reproduced next in reverse sequence
is not valid, i.e., reverse reproduction is completed, and the
process terminates. .
10 At step #331212 the last cell VOBU start address
C_LVOBU_SA at VOBU j from the cell reproduction information
C_PBI of program chain information VTS_PGCI #i is read and
assigned to address.Adsi; and the procedure moves to step
#331205. '
. 15 By executing the steps of the above process, the
decoding system.cohtroller 2300 reproduces one program chain.
The above process also enables special-mode
reproduction of each program chain when plural program chains
share common scenes as shown in Fig. 30.

20 An example of VOBU reproduction in each cell during
special-mode xeproduction from plural program chains
comprising common scenes and sceﬁes unique to specific
reproduction paths according to the present invention is

described below with reference to Fig. 53 and Fig. 54.



data encoding is omtted herein for sinplicity. Step
#2000 is the last step in a |loop conprising steps #300 to step
#2000, and causes this |loop to be repeated as nany tines as
there are VOB Sets. This loop formats the 15 program chai n VISPGC#i to
contain the reproducti on sequence and ot her reproduction

I nformation for each VOB in the title (Fig. 16) in the program
chain data structure, interleaves the VOB i'n the multi-scene
peri ods, and conpletes the VOB Set data stream and VOB dat a

stream needed f

noves to step #2100.

streamis conpl

or- systen1strea¢1encodingl62{ ;Egp #2188 FLgcngFgg? a%l?s

et ed as the encoding information table by adding

the total nunber of VOB Sets VOBSNUM obtained as a result of the

| oop through

t he nunber
scenari o
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step #2000 to the VOB Set data stream and setting
25 of titles TITLENO defining the nunber of

In these figures the 1eft‘&%§u§ represents VOB #5
corresponding to the common cell, i.e., cell reproduction
information C_PBI #5, of program chains VTS_PGCI #1 and
VTS_PGCI #2 shown in Fig. 30 and Fig. 31.

| The top group represents VOB #é corresponding to -
C_PBI #6 of program chain VTS_PGCI #1.

The bottom group represents VOB #7 correspondihg to
C_PBI #6 of program chain VTS_PGCI #2.

The right group represents VOB #8 corresponding to

C_PBI #7 common to program chains VTS_PGCI #1 and VTS_PGCI #2.

Path A in Fig. 53 represents the reproduction path
of C_PBI #5 - C_PBI #7 in program chain VTS_PGCI #1, and path
B represents the reproduction path of C_PBI #5 - C_PBI #7 in
program chain VTS _PGCI #2., Note that one cell corresponds tg
one VOB in this example.

The DSI frames of each block indicate the navigation
pack NV containing the Dsi packet information, and thus
contains the VOBU search information. This packet is feferred
to as the DSI packet in the descriﬁtion below.

The video packets are labelled V in the figures, and
each VOBU comprises plural video packéts. In Fig. 53 and Fig.
54 one VOBU contains two video packets.

The audio packets are labelled A in the figures. The

audio data of a reproduction time corresponding to one VOBU



reproduction paths in the scenario data St7. The procedure t hen
noves to step #2200. System stream encodi ng producing the
VOB (VOB#i ) data in the VIS title VOBS (VISTTVOBS) (Fig. 16)

is 5 acconpl i shed in step #2200 based on the encoded vi deo 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 VTS information VTSI, VTSI 10 managenent table

VTSI MAT, VTSPGC information table VISPGCIT, and t he . program chain

i nformati on VISPGCl #i controlling the _167. VOB data reproducpcp/ipséormzce
shown in Fig. 16 are produced, and formatting to, for exanple,

i nterl eave the VOB cont ai ned in the nulti-scene periods, is
acconplished. 15 The specific steps executed in this
formatting - operation are described belowwith reference to Figs. 40,
41, 42, 43, and 44. The encode paraneter production

br out h t
Fige 35 36 35 CIAdpd AR PR Sudld pdlbits LERTENEPATRE. al M.

generating the s3, riggheade 2R &1Rt.e6% Lok Eﬁh&b‘ﬁ%&k@tCQBEE@%ponds to one
Starting fromFig. 35, the process for generating he encode

paraneters of awo®uw.seam ess switching streamwth

The sub-picture data packets are labelled SP.

5 o Fig. 53 shows the operation in which alternating
VOBU data wunits are reproduced during fast forward
reproduction.

The address of the next DSI packet is obtained from
the VOBU search information in the first DSI packet C_PBI #5,

10 i.e., the VOB #5 common to two program chains. After
reproducing a particular amount of data from the first VOBU,
the VOBU containing the next DSI packet (third DSI packet in
C_PBI #5) is reproduced.

When the address of the next DSI packet is read from
‘. 15  the VOBU search information of this DSI packet, the value
3FFFFFFFh is obtained. As a result, if VTS_PGCI #1 of path A
is being reproduced, the address of the first DSI packet in
C_PBI #6 (VOB #6) of VTS_PGCI #1 is obtained from the program |
chain information, and the first DSI packet in C_PBI #6 (VOB
20  #6) is read after reproducing a particular number of video
packets from the VOBU containing the third DSI packet in C_PBI
#5.
It is thus possible to follow a particular program

chain during special reproduction modes.



mul ti-angle control is described first. This streamis 25 gener at ed
when step #1500 in Fig. 34 returns NO and the

-120 - PCT/ JP96/ 02798 following flags are set as
shown: VOBFsb = 1 or VOBFsf = 1, VOB Fp =1, VOB Fi =1, VOB Fm = 1,
and VOBFsV = 0. The fol | ow ng operation produces the encoding

I nformation tables shown in Flg 27 and Fig. 28, and the encode
parameters shown 5 in Fig. 29. At step #1812, the
scenari o reproduction sequence (path) contained in the scenario data
St7 is extracted, the VOB Set nunigg -VOBSNO i s set, anq:(g'j'yg;)gmmg
nunber VOBNO i s set for one or nore VOB in the VCB Set .

At step #1814 the maximumbit rate ILV_BR of the |nterleaved VOB i s
extracted fromthe scenario data St7, and t he maxi num vi deo encode
bit rate VMRATE from the encode paranmeters is .set based on_ the

interleave flag VOB Fi setting
How the video packets are reproduced, i.e., whether

only the I-frames or P-frames from a GOP are reproduced, and
from which VOBU reproduction begins when reproducing the first
. video data from an accessed cell, will vary according to the
5 speed of the special reproduction mode.

Fig. 54 is an example of reverse mode reproduction
at normal speed starting from the end of C_PBI #7 containing
the VOB #8 common to two program chains.

The VOBU search information of the lasf DSI packet

10 in C_PBI #7 (VOB #8) is first read, the address of the one DSI
packet therebefore is obtained, a particular number of video
paékets is reproduced from the VOBU containing the last DSI
packet, and the preceding DSI packet is read. The address of
the DSI packet before that DSI packet is similarly obtained,

s 15 and the VOBU is reproduced.

This is continued until the VOBU search information

of the preceding DSI packet is reéd from the first DSI packet

VOBU search information in C_PBI #7. In this case, the address

value 3FFFFFFFh is obtained. Thus, if path C is being

20 | reproduced, the address of the navigation pack NV containing
the last DSI packet in C_PBI #6 is obtained from program chain
information VTS_PGCI #1. More specifically, this address is

the last cell VOBU start address C_LVOBU SA in cell

reproduction information C_PBI. As a result, a particular



(=1). 15

At step #1816, the mnimum interleaved wunit

presentation time ILVU MI is extracted fromthe scenario data St7.

At step #1818,

t he video encode GOP structure GOPST values N = 15

and M= 3 are set, and the GOP structure fixing 20 flag GOP Fxflag is

set (= 1), based on the nulti-scene flag VOB_Fp setting (= 1).
Step #1820 is the compn VOB data setting routine, which is
described below referring to the flow chart in Fig. , 36. This conmon

VOB data setting routine produces the

-121 -
shown in Figs.
29.
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27 and 28, and the paraneters shown in
At step #1822 the video material start tine VOBVST

and video nmaterial end tine VOBVEND are extracted for each

_ 5
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number of video packets is reproduced from the VOBU containing
the last DSI packet in C_PBI #6.
It is thus possible to follow a particular program

chain in reverse during special reproduction modes. The

'operation of special reproduction modes from plural program

chains containing common scene information is described above.

When cells are interleaved for seamless reproduction
between cells, the interleaved blocks are VOBU units, and the
VOBU search information VOBU_SRI can still be recorded to the

navigation pack NV of each VOBU. The relative address

‘information written to the VOBU search information can thus

be used to enable special-mode reproduction in both forward
and reverse directions of cells shared by plural program
chains using the same method as for cells arrayed to a
contiguous block. The difference is that a greater distance

is moved between cells compared with contiguously arrayed

- cells.

'The ﬁethod of producing the data structure of the
present invention is described next. This data structure is
5asically generated by simply following the encoder flow chart
shown in Fig. 34 to Fig. 44. The differences in the encoding
operation are handled by a slight modification of the
processes shown in Fig. 41, Fig. 42, Fig. 43, and Fig. 44, In

addition to recording the end pack address VOBU_EA to the VOBU



5 VOB, and the video encode start tinme VSTTM and vi deo encode end
time VENDTM are used as vi deo encodi ng paraneters. At step
#1824 the audio material start tinme VOBAST of each VOB is extracted
fromthe scenario data St7, and the audi o encode start tine ASTTMis
set as an audi o encoding 10 par anet er . At step #1826
the audio material end tinme VOBAEND Is extracted for each VOB from
the scenario data St7, and at a time not exceeding the VOB _AEND
time. This tinme extracted . at an audi o access unit (AAU) is set as

t he audi o encode end 15 time AENDTM yfg ch is an audi o encpdimiP96/02798
paraneter. Note that the audi o access unit AAU is determ ned by the
audi o encodi ng met hod. At step #1828 the audio
start gap ASTGAP obt ai ned fromthe difference between the video
encode start tinme VSTTM 20 and the audi o encode start tinme A STTMis
defined as a system encode paraneter. At step

#1830 t he audi ' R~obt. 3] ; f & bif e3 s
3&%ﬂ%¥%%§§§§%g§$ﬁﬁ§ b%hgﬁéBU searchaﬁgﬁbEﬂﬁtgbh 8h8WHACin Fig.

betmeen t he yi _ t he audi o encode end
time AENDTM is fipfiged13s Feu6idia. 2Phe vOBEOWRaRMAMRIMIrmation recording

process is described below by describing the differences in
these flow charts.

5 At step #2356 of the multi-angle seamless switching
formatting flow chart in Fig. 41, the VOBU navigation pack NV

- address corresponding to the VOBU search information VOBU_SRI
shown in Fig. 32 is recorded together with the first cell VOBU
start address C_FVOBU_SA and the last cell VOBU start address

10 C_LVOBU SA based on the VTS title VOBS (VTSTT_VOBS) data
obtained in step #2352 and the VOBU information obtained in
step #2350. If the VOBU search information VOBU_SRI points

outside the cell, the FWDIn and BWDIn values record 3FFFFFFFh.

W/ The multi-angle seamless switching formatting flow
15 chart in Fig. 42 is thus similar to the multi-angle seamless
switching formatting flow chart in Fig. 41. At step #2386,
Fig. 42, the VOBU navigation pack NV address corresponding to
the VOBU search information VOBU_SRI shown in Fig. 32 is
recorded together with the first cell VOBU start address
20 C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA:are
written based on the VIS title VOBS (VTSTT_VOBS) data obtained
in step #2382 and the VOBU information obtained in step #2380.
If the VOBU search information VOBU_SRI points outside the

cell, the FWDIn and BWDIn values record 3FFFFFFFh.



-122 - PCT/ JP96/ 02798 At step #1832 the
vi deo encoding bit rate VBRis extracted fromthe scenario data St7,
and the video encode bit rate VRATE, which is the average bit rate
of video encodi ng, is set as a video encoding paraneter. 5

At step #1834 the audio encoding bit rate A_ BRis extracted from
the scenario data St7, and the audi o encode bit rate ARATE is set as
an audi o encodi ng paramneter. At step #1836 the video
material type VOB V_KIND is extracted fromthe scenario data St7.

If the material is a 10 filmtype, L.191.- a novie convert edptp/IP96/02798

t el evi si on broadcast format (so-called tel ecine conversion), reverse
tel eci ne conversion is set for the video encode nbde VENCMD, and
defined as a video encodi ng paraneter. At step #1838 the
audi o coding nethod VOB_A KIND is 15 extracted fromthe scenario data
St7, and the encodi ng net hod Is set as the audi o encode nethod A

EPSND and set as an audi Orhe multgﬂgggh@ngQHQQEEﬁb'flow chart for paréhtél
p #1840 the initial video encode data V_ I NIST
lock control in Fig. 43 is also similar. At step #2416, Fig.
43, the VOBU navigation pack NV address corresponding tb the
VOBU search information VOBU_SRI shown in Fig. 32 is recorded
5 together with the first cell VOBU start address C_FVOBU_SA and
the last cell VOBU start address C_LVOBU_SA based on the VTS
title VOBS (VTSTT_VOBS) data obtained in step #2412 and the
VOBU information obtained in step #2410. If the VOBU search
information VOBU_SRI points outside the cell, the FWDIn and
10 BWDIn values record 3FFFFFFFh.

The single scene formatting flow chart in Fig. 44
is also similar. At step #2438 the VOBU navigation pack NV
address correspondiqg to the VOBU search information VOBU_SRI
shown in Fig. 32 is-recorded together with the first cell VOBU

w15 start address C_FVOBU_SA and the last cell VOBU start address
C_LVOBU_SA based on the VOBU information obtained in step
#2434. If.the-VOBU search information VOBU_SRI points outside
the cell, the FWDIn and BWDIn values record 3FFFFFFFh.

The data structure according to the first embodiment

20 of the present invention can thus be produced.

A second embodiment is described below.

In the first,embodiment above the skip destination
address enabling high speed special-mode reproduction records
a value indicating an address outside the current cell when

25 the skip destination is in another cell. In the second



sets the initia

val ue of the VBV buffer to a value less than 20 t he

VBV buffer end val ue set by the | ast video encode data V_ENDST, and
defined as a video encodi ng paraneter. - . At step #1842 the
VOB nunber VOBNO of the preceding connection is set to the
precedi ng VOB nunber B_VOB_NO based on the setting (= 1) of the
precedi ng VOB seam ess connection 25 flag VOBFsb, and set as a system
encode paraneter. -123 -

PCT/ JP96/ 02798
the foll ow ng
based on

At step #1844 the VOB nunber VOBNO of
connection is set tolThe foll owi ng VOB nuiPGI/JH96IY08
the setting (= 1) of the followi ng VOB seam ess connecti on

flag VOBFsf, and set as a system encode paraneter. 5 : The
encodi ng information table and encode paraneters are thus generated

for a nmulti-angl
control enabl ed.
par anmet ers of

e VOB Set with non-seanl ess mul ti-angle swtching
The process for generating the encode

embodiment, however, the skip destination address enabling
high speed special-mode reproduction is limited to an address
within the éurrent cell (not going outside the current cell).
The second embodiment is thus substantially
identical to the first embodiment above, and only the
differences are described below.
The logical structure of the opﬁical disk in this

second embodiment differs from that of the first embodiment

'in recording the VOBU search information VOBU_SRI declared in

| 5
U
10
o 15
20
25

the DSI packet address information of the navigation pack NV.
In the second embodiment the VOBU search information VOBU_SRI
of the navigation pack NV does not record an address pointing
to any cell other than that to which the navigation pack NV
belohgs; this is the same as in the first embodiment. What
differs is that the VOBU search information VOBU _SRI of the
navigation packs NV of the VOBU between the two end VOBU in
the cell record the addresses of the navigation packs NV of
said two end VOBU when the next VOBU to be reproduced during
special-mode reproduction is outside the borders of the
current cell. |

For example, when BWD Prev, BWD60, BWD20, BWD19,
BWD2, and BWD1 related to reverse reproduction exceed the cézl
borders, the address of the navigation pack NV in the first
VOBU in the cell is recorded. Likewise, when FWD NT, FWD6O,

FWD20, FWD19, FWD2, and FWD1l related to fast forward



a seanl ess switching streamwith nmulti-angle control is 10 descri bed

below with reference to Fig. 37. This streamis gener at ed when step
#1500 in Fig. 34 returns YES and the following flags are set as
shown: VOBFsb = 1 or VOBFsf = 1, VOB Fp =1, VOB Fi =1, VOB Fm= 1,
and VOBFsV = 1. The fol l.owi ng operation produces the encodi ng
I nformation tables 15 shown in Fig. 27 and Fig. 28, and the encode
par anmet ers shown in Fig. 29. The fol |l owi ng
operation produces the encodi ng i nformati on tables shown in Fig. 27
and Fig. 28, and the encode paranefmgrs shown-in Fig. 29pCTAP96/02798
At step #1850, the scenario reproduction seguence (pat h) cont ai ned
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 . At step #1852 the maximum bit rate ILVBR of the
25 interl eaved VOB is extracted fromthe scenario data St7, and
-124 - reprodtch—:i{ol‘P 98402488 the cell borders, the address of the
navigation pack NV in the last VOBU in the cell is recorded.
In the navigation pack NV of the first VOBU in the
 cell, the BWD Prev, BWD60, BWD20, BWD19, BWD2, and BWD1 fields
5 related to reverse reproduction record an address value of 0.

'\/.1 .
In the navigation pack NV of the last VOBU in the cell, the
FWD NT, FWD60, FWD20, FWD19, FWD2, and FWD1l related to fast
forward reproduction likewise record an address value of 0.

As a result, addresses pointing to different cells

10 are not recorded to the VOBU search information VOBU_SRI in

the navigation pack NV of any VOBU in the cell. As a result,

it is not necessary to change the VOB data forming the cells

when cells are used by another program chain, and data
generation is simple.

N 15 The reprbduction apparatus of the second embodiment
is the same as that of the first embodiment, and further
description thereof is thus omitted below.

A flow chart of the decoding system controller is

shown in Fig. 56. Note that this process is substantially

20 identical to that shown in Fig. 52. Only.the differences are
described below.

Where it is determined at step #331204 in Fig. 52

‘whether the address is 3FFFFFFFh, it is determined whether the

address is 0 in Fig. 56. All other processes are the same.

25 Thus, the method of determining whether the cell border is



t he maxi num vi deo encode bit rate VMRATE from the encode par aneters

Is set based on the interleave flag VOBFi setting (= 1).

At step #1854, the minimuminterleaved unit 5 presentation time |LVU Ml
Is extracted fromthe scenario-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 multi-scene flag 10 VOBFp setting (= 1).

At step #1858, the video encode GOP GOPST is set to "cl osed GOP"
based on the multi-angle seam ess switchiig - fl ag VOBFsVPSEYIPOSH2798
1), and-the video encodi ng paraneters are thus defined. 15

Step #1860 is the conmon VOB data setting routine, which is as
described referring to the flow chart in Fig. 35. Furt her

description thereof is thus omtted here. The encode
paraneters of a seanless switching stream . with multi-angle control
are thus defi ne%ﬂdye&ea/%&kswwmth%‘% thdUhidrasg! aasantdol tRE #RSE | Mt
above. The process for generating the encode paraneters
for destination extracted from the VOBU search information is

3FFFFFFFh in the first embodiment, but determines whether the
address Adsi is 0 in the second embodi.ment. In addition, the
5 navigation pack NV of the last VOBU in the cell is always read
during fast forward reproduction, and the navigation pack NV
of the first VOBU is always read in reverse reproduction.
The reproduction process of the program chain
information VTS_PGCI #i does not differ because of this
10 difference. However, because the data that is actually output
differs, the program chain reproduction method during special
reproduction modes is described below. Fig. 53 corresponds to
the program chain reproduction method during special
reproduction modes in the first embodiment, and Fig. 55
W/ 13 corresponds to the program chain reproduction method of the
second embodiment.
In Fig. 55 as in Fig. 53, the left group represents
VOB #5 corresponding to the common cell, i.e., cell
reproduction information C_PBI #5, of program chains VTS PGCI
20 #1 and VTS_PGCI #2 shown iﬁ Fig. 30 and Fig. 31.
The top group represents VOB #6 correspondihg to
C_PBI #6 of program chain VTS PGCI #1.
The bottom group represents VOB #7 corresponding to

C_PBI #6 of program chain VTS_PGCI #2.



a system streamin which parental |ock control is inplenmented S
descri bed below with reference to Fig. 38. This streamis gener at ed
when step #1200 in Fig. 34 returns NO and step #1304 25 returns YES,
i.e., the following flags are set as shown: '

-125 - PCT/ JP96/ 02798 VOBFsb = 1 or VOBFsf =1
VOB Fp =1, VOB Fi =1, VOB Fm = 0. The foll ow ng operation produces
t he encoding information tabl es shown in Fig. 27 and Fig. 28, and

t he encode paraneters shown in Fig. 29. 5 At step
#1870, the scenario reproduction sequencgys-. (pat h) cont aipEIPY6/OI®S
scenario data St7 is extracted, the VOB Set nunber VOBSNO i s set,
and the VOB number VOBNO i s set for one or nore VOB in the VOB Set.
At step #1872 the maxinumbit rate ILVBR of the 10 interl eaved VOB is
extracted fromthe scenario data St7, and t he maxi num vi deo encode

bit rate VMRATE fromthe encode
The right group represents VOB #8 corresponding to

C_PBI #7 common to program chains VTS_PGCI #1 and VTS_PGCI #2.

Path A in Fig. 55 represents the reproduction path
of C_PBI #5 - C_PBI #7 in program chain VTS_PGCI #1, and path
5 B represents the reproduction path of C_PBI #5 - C_PBI #7 in
program chain VTS_PGCI #2. Note that one cell corresponds to
one VOB in this example.
What differs in Fig. 55 and Fig. 53 is that the
navigation pack NV of the end VOBUs in each cell are always
10 read and reproduced during reproduction on both paths A and
B.
How the video packets are reproduced, and from which
VOBU?reproduction.begins when reproducing the first video data
s from an accessed cell, will vary according to the speed of the
15 special reproduction mode. This is the same as in the first
embodiment above. The same is true during reverse reproduction
in the secbnd embodiment: even if the reverse reproduction
speed changes, the navigation pack NV of the first VOBU in the
cell is always extracted and reproduced during reproduction.
20 The operation of special reproductioﬁ modes from
plural program chains containing common scene information is
described above.
‘Also in the second embodiment as in the first

embodiment, when cells are interleaved for seamless



paraneters is set based on the interleave flag VOBFi setting (=1).
At step #1872 the nunber of interleaved VOB 15 divisions ILVDV 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. 35. Furt her description thereof is thus
omtted here. The encode paraneters of a systemstreamin
which 20 parental |ock control is inplenmented are thus defined for a
VOB Set wth multi-scene selection control enabled. as

descri bed above. The pj??? s for generating tprer/fisgisieros
paraneters for a system stream contai ning a single scene Is

descri bed bel ow 25 with reference to Fig. 39. This streamis generated
when step - 126 -

PCT/ JP96/ 02798 #900 in Fig. 34 returns NO i.e., when VOB
Fp=0. The

reproduction between cells, the interleaved blocks are VOBU
units, and the VOBU search information VOBU_SRI can still be
recorded to the navigation pack NV of each VOBU. The relative
address information written to the VOBU search information can
5 thus be used to enable special-mode reproduction in both
forward and reverse directions of cells shared by plural
program chains using the same method as for cells arrayed to
a contiguous block. The difference is that a greater distance
is moved between cells cowmpared with contiguously arrayed
10 cells.

The method of producing the data structure of the
present invention is described next. This data structure is
basically generated by simply following the encoder flow chart
shown in Fig. 34 to Fig.'44. The differences in the encoding

iw/_ 15 operation are handled by a slight modification of the

processes shown in Fig. 41, Fig. 42, Fig. 43, and Fig. 44. In

addition to recording the end pack address VOBU_EA to the VOBU

navigation pack NV, - the VOBU search information shown in Fig.

32 is also recorded. The VOBU search information recording

20 process is described below by describing the differences in
these flow charts. _

At step #2356 of the multi-angle seamless switqhing

formatting flow chart in Fig. 41, the VOBU navigation pack NV

address corresponding to the VOBU search information VOBU_SRI

25 shown in Fig. 32 is recorded together with the first cell VOBU



foll owi ng operation produces the encoding information tables shown
in Fig. 27 and Fig. 28, and the encode paraneters shown in Fig. 29.

5

At step #1880, the scenario 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 #1882 the maxi mum bit
rate LV BR of the 10 interleaved VOB is extracted fromthe scenario

data St7, and
encode

(=1).

t he maxi nrum vi deo encode bit rate V_MRATE fromthe

paranmeters is set based oniyhe interleave flag EBEIPS6ID 7939

Step #1884 is the commpbn VOB data setting routine,

15 whi ch-is as described referring to the flow chart in Fig. 35.

Further description thereof is thus omtted here. These
flow charts for defining the encoding i nformati on tabl e and encode
paraneters thus generate the paraneters for DVD video, audio, and

system stream e

charts

peration of the subrou

Beadtndaazfles cOyvble ENTLASTVL Uilar cell vORR BRUEE il

formatter shomCaﬁv@hgpsﬁZ%édl Bhg. tt?éle'rg d@ﬁﬂré beéaan@vrrsrrT VoS | hdata
reference to FigsS. 2, 43, and . formatter

subroutine genebatainéhelﬁvw tHoesd add ttﬂié GWDBU J.nformatlon obtained in

N . 5
N
10
w15
20
25

step #2350. If the VOBU search information VOBU_SRi points
outside the cell, the FWDIn and BWDIn values of VOBU between
the start and end VOBU record the cell end VOBU addresses, and
the FWDIn and BWDIn values of the cell end VOBU record 0.
The multi-angle seamless switching formatting f£low
chart in Fig. 42 is thus similar to the multi-angle seamless
switching formatting flow chart in Fig. 41. At step #2386,
Fig. 42, the VOBU'névigation pack NV address corresponding to
the VOBU search information VOBU SRI shown in Fig. 32 is

recorded together with the first cell VOBU start address

'C_FVOBU_SA and the last cell VOBU start address C LVOBU_SA are

written based on the VTS title VOBS (VTSTT_VOBS) data obtained
in step #2382 and the VOBU information obtained in step #2380.
If the VOBU search information VOBU_SRI points outside the
cell, the FWDIn and BWDIn values of VOBU between the start and
end VOBU record the cell end VOBU addresses, and the FWDIn and
BWDIn values of the cell end VOBU recoxrd O.

The multi-scene formatting flow chart for parental
lock control in Fig. 43 is also similar. At step #2416, F1g
43, the VOBU navigation pack NV address corresponding to the
VOEU search information VOBﬁ_SRI shown in Fig. 32 is recorded

together with the first cell VOBU start address C_FVOBU_SA and



-127 - PCT/ JP96/ 02798 The operation of
t he DVD encoder ECD 1100 accordi ng to the present invention is
described with reference to the flowchart in Fig. 40. Note that

t hose steps shown in Fig. 40 with a double line are subroutines. 5
At step #2310 the program chain information VIS PCCl Is set to the
VTSI nmanagenent table VTSI MAT for the nunber of titles TITLENUM
based on the nunber of titles TITLENUM in the VOB Set data stream
At step #2312 it is determ ned whether nulti-scene 10 sel ection control
i s enabl ed based on the multi-scene flag VOB Fp in the sijgd
stream |f step #2312 returns NO 178e., mul ti-scene ccngéiznﬁﬁgonot
enabl ed, the procedure noves to step #2114. : At step

#2314 the operation for coding a single 15 scene (VOB) executed by the

formatter 1100

-5
~
10
~ 15
20

of the authoring

the last cell VOBU start address C_LVOBU_SA based on the VTS
title VOBS (VTSTT_VOBS) data obtained in step #2412 and the
VOBU information obtained in step #2410.'If the VOBU search
information VOBU_SRI points outside the cell, the FWDIn and
BWDIn values of VOBU between the start and end VOBU record the
cell end VOBU addresses, and the FWDIn and BWDIn values of the
cell end VOBU record 0.

The single scene formatting flow chart in Fig. 44
is also similar. At step #2438 the VOBU havigation pack NV
address corresponding to the VOBU search information VOBU_SRI
shown in Fig. 32 is recorded togeﬁher'with the first cell VOBU
start address C_FVOBU_SA and tﬁe last cell VOBU start address
C_LVOBU_SA based on the VOBU information obtained in step
#2434. If the VOBU search information VOBU_SRI points outside
the cell, the FWDIn and BWDIn values of VOBU between fhe start
and end VOBU record the cell end VOBU addresses, and the FWDIn
and BWDIn values of the cell end VOBU record O.

The data structure according to the second
embodiment of the present invention can thus be produced.

By means of the present invention thus described,
plural program chains can be adapted to provide a parental
lock control feature whereby, for example, the first program
chain VTS_PGCI #1 is an adult-oriented program chain, the

other program chain VTS _PGCI #2 is a child-oriented program



encoder EC shown in Fig. 25 is acconplished. This routine is

described | ater. If step #2312 returns YES, i.e.

mul ti-scene control i's enabl ed, the procedure noves to step #2116.
20 At step #2316 it is determned whether the
information is to be interleaved or not based on the

interleave flag VOBFi state in the VOB Set data stream |If step
#2316 returns NO i.e., the information is not to be i nterl eaved,

the procedure noves to step #2314. |If step #2316

-128 - PCT/ JP96/ 02798 returns YES, i

information is to be interl eaved, the - 179 - procedur e noves t%ﬁ??%%g§%§¥%.
At step #2318 it is determ ned whether nulti-angle control is to be
i npl ement ed based on the nmulti-angle flag 5 VOBFmin the VOB Set data
stream If step #2318 returns NO the parental |ock control routine

In step #2320 i s execut ed.

S5

N
10

~— 15
20
25

chain, and forward and reverse special reproduction modes can
be achieved on both program chains.

In a program chain comprising a multi-angle scene
period, each angle is one cell in the digital video disk
system, and special-mode reproduction is therefore possible
within each angle. Furthermore, moving from a common cell to
one of the multi-angle cells during special-mode reproduction
can be achieved by moving to a default cell or to the cell
corresponding to a user-defined angle number. Moving from one
of the multi-angle cells to a common cell can aiso be achieved
using the same control method used for parental lock'control.

While the data search information interleaved to the
system stream is described above as being interleaved in GOP
units, the data compression unit, the interleave unit for the
data search information packet shall not be limited to the GOP
unit.

Furthermore, while the invention has been described
with reference to a DVD read-only disk recording medium,
rewritable media can be used to the same effect.

Furthermore, the menus are primarily a means of
eliciting user selections, and menu manipulation shall not be
limited to the keypad of a remote control device..Manipulation
by, for example, a mouse or voice commands is also possible.

Furthermore, while the invention has been described

with particular reference to the MPEG standard, f£uture



| f step #2318 returns YES, the procedure noves to step #2322.

At step #2320 the operation for formatting the VOB . Set for parental
| ock control is executed. This subroutine 10 is shown in Fig. 43 and
descri bed bel ow. At step #2322 it is determ ned whet her

mul ti-angle

sean ess switching is required based on the nulti-angle

seanl ess switching flag VOB FsV. If nulti-angle switching is

acconpl i shed w thout seani ess switching, i.e., with 15
non-seaml ess switching and step #2322 returns NO the

procedure noves to step #2326. The nul ti -angl

non- seam ess switching control r5d8Prie executed in stepﬁﬁyﬁ%@yg%e
formatter 1100 of the aut horing encoder ECin Fig. 25 is described

|l ater with 20 reference to Fig. 41. If nulti-angle
switching is acconplished with seani ess switching control, i.e.
step #2322 returns YES, the procedure noves to step #2324.

The nul ti-angle seanm ess switching control routine 25 executed in step

#2324 by the foPFREREACM F ofhe hBtandasdi py introduction of new standards

o S
10
N~ 15
20
25

shall also be covered by the present invention insofar as
plural data units are interleaved and reproduced according to
a time-base.

Furthermore, the invention has been described with
particular reference to interleaving one compressed video data
unit, but the invention shall not be so limited.

.Furthermore, the special reproduction mode
information has been described as being written to the data

search information and interleaved to the system stream, but

it is only necessary to record the special reproduction mode

information as information attached to the reproduced video
data and audio data, and it is specifically not necessary to
interleave this information to the system stream. For example,
if all special reproduction mode information for the cell is
recorded at ﬁhe cell start, or to the same predefined
location, the information can be accessed when required with
no change in the effects described above.

Likewise, it important that the program chain
information be read separately from the. data actually
reproduced, and the location to which the program chain
information is recorded shall not be limited to that described
above. |

Furthermore, the above embodiments assume that the

data at the cell start is the packet containing the data



-129 - PCT/ JP96/ 02798 encoder ECin Fig. 25 is

described later with reference to Fig. 42. The cel
pl ayback information (PCG infornmation entries CPBI) of the VTS

i nformati on VTSI set as previously 5 described is then recorded.

At step #2330 it is determ ned whether all VOB Sets decl ared by the
VOB Set nunber VOBSNUM have been processed by the formatter. If NO
control |oops back to step #2312, and the process runs again. | f
YES, all sets have been 10 formatted, the procedure term nates.
Referring to Fig. 41, the multi-angl e non-sean ess sw t.chi ol
routine executed in step #2326 when steﬁqsi‘ #2322, Fig. 4dﬁ9tgﬁkéﬁﬁ34§o
i s described. This routine defines the interl eaved arrangenent of
the multi medi a bitstream MBS, 15 the content of the cell playback

i nformati on (CPBI#i) shown in Fig. 16, and the information stored to
t he navi gati on pack NV shown in Fig. 20, in the generated DVD

mul ti medi a bitstream MBS At step #2340 based on

t he nu|ti_ang|esppg&hvéﬁfpgmatibn, but the data search information need not
necessarily be recorded to the cell start. Insofar as the
related video data, audio data, and sub-picture data can be
identified, the data search information, video data, audio

" 5 data, and sub-picture data can be recorded in any defined

sequence. |

Furthermore, methods other than described above can

be used for intra-cell reproduction and inter-cell

reproduction during special reproduction modes. What is

10 important to the invention is that program chain information

be used for inter-cell reproduction, and address information

recorded to the special reproduction mode information,

specifically address values 3FFFFFFFh, 0, or other "outside
cell" value, be used to detect the cell ends.

.Even when celis are shared by plural program chains,

special réproduction modes such as fast forward and reverse

play can also be_aéhieved along any selected program chain.

Industrial Applicability
As is appareﬁt from a method and an apparatus
20 according to the present .invention' for intérleaving a
bitstream to record the interléaved bitstream to a recording
medium and reproduce the recorded bitstream therefrom is
suitable for the application of an authoring system which can

generate a new title by editing a title constructed by



20 setting (= 1) declaring whether nulti-angle control is applied

in the nulti-scene period, the cell block node CBM (Fig. 16) of the
cell playback information blocks C PBlI #i containing - the VOB
control information for each scene is declared according to the
position of the angle data. For exanple, the 25 cell block node CBM of
the MA1 cell (Fig. 23) is declared as

-130 - PCT/ JP96/ 02798 Olb to indicate the
begi nning of the cell block, the CBM of 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 - 182 - as | 1b to i ndBCHIRIG/BR78nd
of the cell bl ock. 5 At step #2342 based on the

mul ti-angle flag VOBFm setting (= 1) declaring whether

mul ti-angl.e control is applied in the nulti-scene period, the
cell block type CBT (Fig. 16) of the cell playback information
bl ocks C _PBI #i _ c¢ontaining the VOB control inforndtion for each

scene i s decl ar dtgsrgams carrying various information in accordance with the
user’s request, and is also suitable for a Digital Video Disk

System, or DVD System being developed recently.
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pl ayba | ocks C PB *#i containing the VOB control
i nfor cene based on th (S(Fﬁl:lgiﬁ OB m ess
connection flag VOBFsb state, 15 which is set 'ﬁﬂ% he: JQHA atEeNa
seanl ess connecti on. At stepl tting
flag STCDF is set to 1 in the cell playback information bl ocks
C_PBI #i containing the VOB control information for each scene
based on the preceding VOB sepg® £ss connecti on fl apCYOPosio2l798
state, 20 which is set to 1 to indicate a seanl ess connecti on.
At step #2348 the interleaved allocation flag | AF _ (Fig. 16) is
set to 1 in the cell playback information bl ocks CPBI #i
containing the VOB control information for each scene based on
the multi-angle seanless switching flag VOBFsV 25 state, which is
set to 1 to indicate interleaving is requidggimg
-131 - - - PCT/ JP96/ 02798

1. A multimedia optical disk (M) comprising at least

one information layer (RS), wherein a plurality of system
streams (VOB) interleaving in GOP units data containing at
5 least moving picture data, and reproduction control
information containing trick play information (VOBU_SRI)
declaring the address of next data to be reproduced according
to a special reproduction mode used, aind a plurality of
program chain information (VTS _PGC) declaring the system
10 stream reproduction sequence of a program chain cémprising
more than one system stream, are recoxrded to said information
layer (RS), wherein at least one system stream (CELL, C_PBI)

is shared by a plurality of program chains (VIs_PGC), and
— address information of data of first (C_FVOBU SA) of each
15 system stream, and address information of last (C_LVOBU_sSA)
reproduction control information in each system stream are
recorded to the program chain information (VTS_PGC) according

to a system stream reproduction sequence (C_PBI).

2. A multimedia optical disk (M) comprising at least
20 one information layer (RS), wherein a plurality of system
streams (CELL) interleaving in GOP units data containing at
least moving picture data, and re'prbduction control

information containing trick play information (VOBU_SRI)



At step #2350 the | ocation of the n NV (relative
sector M t Hag cadOB begi nni naumfmﬁmﬂﬂﬁ “!l/ fromthe title
editing I_ obt ai ned f st em encoder 900 in

Fig. 25, pack NV is det ect ed bas

i nterl eaved unit present ation t| me | LVU M i nf 3‘ - 4 ASd}Elmtlter
paraneter obtained in step #1816, Fig. 34), th c&EPLACED t he VOBU
expressed as t he nunber of sectors fromthe VOB begi nni ng,

exanple, is t hus obtained, and the title editing unit VOB is divided
into 10 interleave units using VOBU ygjts. pCTAP96/02798
exanple, if in this exanple the m ni num I nterl eaved uni't
presentation time ILVU M 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 15 al l ocation operation is applied to the VOB
constituting each mul ti-scene data unit. At step

12952 e, | o LB R L GRERUTP o, ne AL RS O 1 EBRRRs B
mddle, and endg E‘ébk&hngzot#% 4%ﬁ ts‘;’dé th?eﬁ?@dﬁ%&&g' n’fu %r”@éé&’” Ha a

each scene in ste eave s as shown 1 n

Fig. 57 or l 5%11{?%,%?ﬁd{ﬁﬁ/%ﬂa%%ﬁo%&twﬁn(w%i%épde'&qa\fﬁ g the
t|tle_ S(VTST VOB ing the cell block nbde TBM decl arati ons

system stream (CELL) reproduction sequence in a program chain
5 comprising more than one system'stream (CELL), are recorded
to said information layer (RS), characterized by at least one
system stream (CELL) being shared by a plurality of program
chains (VTS_PGC), and either address information (relative
address in the VOBU_SRI) in the system stream containing the
10 reproduction control information (NV) recording the trick play
information (VOBU_SRI), or a value (3FFFFFFFh in the VOBU_SRI)
indicating an address outside the system stream, being
recorded to the address information written to the trick play
information (VOBU_SRI) of the reproduction ‘control

~ 15 information.

3. A multiﬁedia optical disk (M) comprising at least
one information layer (RS), wherein a plurality of system
streams (CELL) interleaving in GOP units data containing at
least moving picture data, and reproduction control
- 20 information (NV) containing trick play information (VOBU_SRI)
declaring the address of the next data to. be reproduced
according to the special reproduction mode used, and a
pPlurality of program chain information (VTS_PGC) declaz_‘_ing the

system stream (CELL) reproduction sequence in a program chain
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e.
PCT/ JP96/ '[/ *At ¢ stlep %2354*the rel ative sector
nunber fr OBU start is witten to the VC 1A HEERS

VOBU_ EA (Fig. 20) .in the navigation pack NV of gggﬂiﬁg%igggsgg 4n

t he VOBU position informati on obtained in step #2350

At step #2356 the first cell VOBU start address C FVOBU_ SA and the
|.ast cell VOBU start address CLVOBUSA expressed as the nunber of
sectors fromthe beginning of the -185S titl e VOBS (VISTPCIDAPO6A2T98
witten as the addresses of t he navi gation packs NV of the first and
| ast VOBU in each 10 cell based on the VIS title VOBS (VISTT VOBS) data
obt ai ned in step #2352. : The angle # VOBU start
address NSM_AG._Cl1 DSTA - NSML AGL C9 DSTA of the non-seanl ess angle
I nformati on

comprising more than one system stream (CELL), are recorded

to said information layer (RS), characterized by at least one
gsystem stream (CELL) being shared by a plurality of program
chains (VTS_PGC), the address information (C_FVOBU_SA) of the

5 first data of a system stream (CELL), -and the address
| information (C_LVOBU SA) of the last reproduction contrél
information (NV) of a system stream (CELL), being recorded to

the program chain information (VTS_PGC) according to the
reproduction sequence of a system stream (CELL), and either

10 address information (relative address in thé VOBU_SRI) in the
system stream (CELL) containing the reproduction control
information (NV) &recording the trick play information
(VOBU_SRI), or a value (3FFFFFFFh in the VOBﬁ_SRI) indicating

an address outsiae the system stream (CELL), being recorded

~ 15 to the address information written to the trick play
| information (VOBU_SRI) of the reproduction control information

(NV) .

4. The multimedia optical disk (M) according to claim
2 or claim 3, wherein when a value determined by a
20 conventional special reproduction mode points to a location
other than a system stream (CELL) containing reproduction
control information (NV) to which trick play information
(VOBU_SRI) is written, address information written to trick

play information (VOBU_SRI) of at 1eést first or last



NBNLAQ%J B&n iﬁl he navi gati h VOBU is 15 witten
at st ep ddress is eﬂ! I m Hgm rel ative sector
l"lﬂls a of the interkeawve

nunber ocks forned in step
#2352, he address - |nfornat|on (=

navigatlon pack NV contained in t he VOBU of VTISdﬁi T§ﬁ§hBEEMéar
the presentation start tine 20 of the VOBU bei ng pr oc @EBEAGED

At step #2360 "7FFFFFFFh" is witten to the angle

address NSMLAG._Cl _DSTA - NSMLAG.C9_DSTA of t he non-seamn ess angl e
informati on NSMLAGLI (Fig. 20) in the .186- navigation pack WECHIPF3798
VOBU i f the VOBU bei ng processed 25 Is the last VOBU of each scene in
the nulti-scene period. -133 -
PCT/ JP96/ 02798 This routine thus formats the

I nterl eaved bl ocks for mul ti-angl e non-seam ess switching control in
the multi-scene period, and formats the cell control information as
the reproduction control information (NV}) of a system stream

(CELL) is an address value of 0.

5. The multimedia optical disk (M) according to claim 2 or

N claim 3, wherein when a value determined by a conventional
5 special reproduction mode points to a location other_than a
system stream  (CELL) 'containing reproduction control

information (NV) to which trick play information (VOBU_SRI)

is written, address information written to trick play

information (VOBU_SRI) of at least first or last reproduction

10 control information (NV) of a system stream (CELL) is an

address value of 3FFFFFFh.

6. The multimedia optical disk according to claim 2 or

N claim 3, wherein address information relating to reverse
direction réproduction is an address value of 0 in trick play

15 - information (VOBU_SRI) in a first reproduction control
information (NV) of a sgystem stream (CELL), address
information relating to forward direction reproduction is an
address value of 0 in trick play informatioh (VOBU_SRI) in a

last reproduction'control'information (NV) of a system stream

20 (CELL), and address information written to other trick play
information (VOBU_SRI) is an address value pointing to the

last reproduction control information (NV) of said system

stream (CELL) when said address information relates to forward



repr % n control |nfornat|on | e scenes. 5
Ref e eP e2d  the mul t| [I ﬁH m swi tching control
routi step #2324 2322, Fig. 40, returns

YES i + This routine deflnes t he
arrangerrent of the mul ti medi a bi t st ream MBS THI®: SHEERT &AS BEEN
cell playback information 10 (CPBI #i) shown in Fi 16, Rrem_(ACEDe

i nformation stored to the © navigation pack NV s g 20Th
t he generated DVD mul timedi a bitstream MBS. At step
#2370 based on the nulti-angle flag VOB. kg7 - setting (= PCUI602798
whet her multi-angle control is applied 15 in the multi-scene period,

the cell block node CBM (Fig. 16) of the cell playback information

bl ocks CPBI #i containing the VOB control information for each scene
I's decl ared according to the position of the angle data. For

exanpl e, the cell block node CBM of the MAL cell (Fig. 23) is

decl ared as 20d1reeééoh0reg%e%%ﬂ;ﬁe Begl 1Y g qdc'u.l@sé:e\}il@e ogglnwﬁgcw

of MA2 is declared as I0b to indicaté a cell between the Tirst
and |l ast cells tRetfierét q@pro'auhﬂlhﬁl eBMeb1MBE bPmaechbAr adr) of said@Ssidbem
to indicate the end of the cell block At step #2372 based
on the multi- angtfeéinaglMB)_ﬁrherQEald aédtrésg irrfcymaicidmrelgitdietbereverse
mul ti-angle control is applied

direction reproduction, when a value determined by a

5 conventional special reproduction mode points to a location
other than a system stream (CELL)_ containing reproduction
control information (NV) to which trick play information

(VOBU_SRI) is written.

7. The multimedia optical disk (M) .aecording to one of

10 claims 1, 2, 3, 4, and 5, wherein first data contained in a
system stream (CELL) is always reproduction control
information (NV), trick play information is address -
information of reproduction control information (NV) of a

~ location to be reproduced, and one system stream (CELL) is
15 recorded interleaved in units (NV) recorded by reproduction
control information (NV), allocated with reproduction control

information (NV) at the beginning.

8. An optical disk reproduction apparatus (DCD) for
reproducing data recorded to a multimedia optical disk stering
20 a plurality of system streams (CELL) interleaving in GoOP
units data containing at least moving picture data, and
reproduction control information (NV) containing trick piay

information (VOBU_SRI) declaring the address of the next data



-134 - qpis sh : RPCT/ JP96/ 0 in the nulti-scene period,
the cel i o Sz Boen Re (Fig. 16ﬁiﬁﬂL,ﬂl'lM” Hl el | playback information
bIocksHl El Iﬂ% i ni ng * L | information for each
scene | 01b to indicate an "angle.” 5 At
step #2374 the seanl ess pl ayback flag SPF (Fig. ‘ - 11 in
the cell playback information bl ocks C_PBI # T%G%ﬁ%%%g@gghﬁgﬁ\CB
control informati-on for each scene based on Lhe pré&bd % VOB
seanl ess connection flag VOBFsb state, which is set to 1 to indicate
a seanl ess connection. 10 . step #2376 the STC fiddl

flag STCDF is set to 1 in the cel %Iayback I nformati on Iock?ﬂ%gﬁBl
#i containing the VOB control information for each scene based

on the precedi ng VOB seanl ess connection flag VOBFsb state, which is

set to 1 to indicate a seanl ess connection. 15 At step #2378
the interleaved allocation flag | AF (Fig. 16) is set to 1 in the

cell playback ipnfopgaiian.Bl,acks according to the special reproduction mode

used, and a plurality of program chain information (VTS_PGC)

declaring a reproduction sequence of at least one system
stream (CELL), wherein at least one system stream (CELL) is

5 shared by a plurality of program chains (VTS_PGC), and
address information of first data in a system stream (CELL),
and addreés Iinformation of last reproduction contfol
information (NV) in a system stream (CELL) are recorded to
program chain information (VTS_PGC) according to the
10 reproduction sequence of the system stream (CELL), said
optical disk reproduction apparatus (DCD) éomprising: a
reading means (2000) for reading data from the optical disk,
a track buffer means (2400) for temporarily storing read data,
a data decoding means (2500) for separating video data, a
-~ 15 plurality of sub-picture data, a plurality of audio data, and
reproduction control information (NV) interleaved to system
stream (CELL) read from the track buf.fer means, a system”
stream (CELL) selection means for reading program chain
information (VIS_PGC in the VTSI) from data read by the
20 reading means, and outputting address information of the next
system streaﬁ (CELL) to be reproduced, comprising selecting
reproduction sequence counter (§) storing sequence information
(C_PBI #j) declaring a forward-direction reproduction sequence
in program chain (VTS_PGC) of system stream (CELL) being

25 reproduced, and address information of first data in system



C PBI ntalnln the VCB control each scene
based o 1L eé seam ess- SMI ﬁ'ﬂﬂ 'Iﬂﬂg)ﬁmi FsV state,

WhIChIS ﬂ dcatelnterleavdng Y At
step #23 n of the navigation pack A ar
nunber fromthe VOB beg| nning) is detected ~fro Tﬁl‘resg‘é &% rtin

unit (VOB bel ow) obtained fromthe syst em encoder

t he navigation pack NV is det ect ed based on the m ni num i nterl eaved
unit presentation 25 time ILVUM information (a formatter paraneter
obt ai ned in - 189 - -135 - PCT/IP96/02798
PCT/ JP96/ 02798 step #1854, Fig. 36), the location of the VOBU
expressed as t he nunber of sectors fromthe VOB begi nning, for
exanple, is t hus obtained, and the title editing unit VOB is divided
into Interl eave units using VOBU units. 5 For

exanple, if in this exanple the mninmm I nterl eaved unit

presentation tige Ll UNIElS) & 56C s%'&%etn%% declared by reproduction sequence

counter (§) of prégram chain information (VTS_PGC) when the
reproduction mode is forward reproduction, and an address
selection means (step #331212) selecting address information

5 (C_LVOBU_SA) of last reproduction control information (NV) of
the system stream (CELL) in the sequence declared by the
reproduction sequence counter (j) of the program chain
information (VIS_PGC) when the reproduction mode is reverse
reproduction, a reproduction position selection means (step

10 #331203) for reading address information of next data to be
reproducéd according to the current reproduction mode from the

trick play information (VOBU_SRI) of the reproduction control
information (NV) separated by the data decoding means, a.
reading means controller (step #331205) for controlling the

- 15 reading means according to the address iﬁformation output by
the system sgtream selection means and the reproduction

position selection means, and an output prbcessor for decoding

the video data, sub-picture data, and audio data, and

outputting the audio and video according to the decoded

20 result.

9. An optical disk reproduction apparatus (DCD) for
reproducing data recorded to a multimedia optical disk storing
a plurality of system streams (CELL) interleaving in GOP

units data containing at least moving picture data, and



prese gngf gpe VOBU i's E he VOB is di vi ded
into I’ of 4 VvOBU I IHQ hjhls al I ocation
operatl to t he VEB l EE 10 nmul ti-scene data
unit. At step #2382 the |nterleave L c

obt ai ned from step #2380 are arranged in the cell bl crwﬂg S@gpgq&% %\A
sequence (cell block begi nning, mddle, and end celld tien RS
the VOB control information for each scene in step 15 #2360 to formthe
interl eaved bl ocks as shown in Fig. 57 or 58. The interl eaved bl ocks
are then added to the VIS title MIS (VISTTVOBS) .  Usi npetriyeosmblios

bl ock node CBM decl arati ons above, for exanple, the angle data MAL,
MA2, and MA3 (Fig. 23) are arranged in that sequence. 20

At step #2384 the relative sector nunber fromthe VOBU start is
witten to the VOB end pack address VOBUEA (Fig. 20) in the

navi gation pack NV of each VCBU based on the VOBU posi tion

Thor) o ORI SRS sysmmeien, (V) ocPRLT BRI ey

address CLVOBUShformation (VOBU_SRI) declaring the address of the next data

to be reproduced according to the special reproduction mode

used, and a plurality of program chain information (VTS_PGC)

- 5 declaring a reproduction sequence of a system stream (CELL)

in a program chain (VTS_PGC) containing at least one system

stream (CELL), wherein at least one system stream (CELL) is
shared by a plurality of program chains (VTS_PGC), and

address information of first data in a systeﬁ stream (CELL),

10 and address information of last ‘reproduction control

information (NV) in a system stream (CELL) are recorded to

program chain information (VTS _PGC) according to the '

reproduction sequence of the system stream (CELL), where

address information written to trick play information

s 15 (VOBU_SRI) of reproduction control information (NV) is either

address information in a system stream (CELL) containing

reproduction control information (NV) to which said trick:pley

ihforﬁation is written, or a value pointing to other than said

system stream (CELL), said optical disk reproduction apparatus

20 (DCD) comprising: a reading means (2000) for reading data from

the optical disk, a track buffer means (2400) for temporarily

storing read data, a data decoding means (2500) for separating

video data, a plurality of sub-picture data, a plurality of

audio data, and reproduction control information (NV)

25 interleaved to system stream (CELL) read from the track buffer



witten e mavigat i on packs NV of the first and
| ast VOB cell based on the VIS title Y&BR:|
obtained 5 In step #2382. At step #

S T %EZG?ﬁZT%C%BESJ”E?é °

sector nunber fromthe VOBU start is witten t \

addr ess VOBUEA (Fig. 20) in the navigation pack NV of eac

based on the interl eave unit data obtained in step #2370. 10

The angle #i VOBU start address SMLAG_ChoDSTA - SMLAGpEe/fiokfo2as
the seamnl ess angle informati on SMLAGLI (Fig. 20) in the navigation
pack NV of each VOBU is witten at step #2390. This address is
expressed as the relative sector nunber inside the data of the

i nterl eaved bl ocks forned 15 ‘in step #2382, and decl ares the address
information (Fig. 20) of the navigation pack NV contained in the

VOBU of all an &ans, a s%f@ﬂﬁ? %&Q%ﬁ%&“é@&%d@uﬂgéngo £die reading |

reproduction en g processed

At step #2392 "gF&EFafFRhalis Widd S od h?V'f‘ggb@C) 2@rom fdatdBleaady the
address SMLAGL_C DSTA - SMLAG.C9_DSTA of the

readlng means, and outputting address information of the next
system stream (CELL) to be reproduced, comprising selecting

5 a reproduction sequence counter storing sequence information
(C_PBI #j) declaring a forward-direction reproduction sequence

in program chain (VTS_PGC) of system stream (CELL) being
reproduced, and address information (C_FVOBU_SA) of first data

in system stream (CELL)in a sequence declared by reproduction

10 sequence counter of program chain information (VIS_PGC) when
the reproduction mode is forward reproduction, and an address
selection means selectihg address information (C_LVOBU_SA) of

last reproduction control information (NV) of the system
stream (CELL) in the sequence declared by the reproduction

./ 15 sequence counter of the program chain information (VTS_PGC)
when the xreproduction mode is reverse reproduction, a
reproduction address selection means that is a means (step

#331203) for reading address information of next data to be
reproduced according to the éurrént reproduction mode from the

20 trick play information (VOBU _SRI) of the reproduction control
information (NV) separated by the data decoding means,
comprising a reproduction address extraction means for
extracting address information, and a system stream end

detection means (stép #331208 oi‘ step #331211)_ for outputting

25 a stream end signal indicative of an end or beginning of a



SeanSsheet AR Lnformation S (i in the

navi g n Riplhc t he VOBU 4 | j ﬁu m nterl eaved unit if

t he ii IﬂEﬂ % rarranged in tHe | ast i nterl eave

uni t n the multi-scene period. ~
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formats the interl eaved bl ocks for nmul ti-angl efseam gg§ S Bﬁﬂhg

control in the nulti-scene ~period, and formats e—GE Bt rol

i nformation as the reproduction control information for those

mul tiple scenes. 5 The pareg al | ock subrouti nﬁg@f/mﬁg%zég,

Fig. 40) executed when step #2318 1n Fig. 40 returns 1. €., en

it is determ ned that parental |ock control is inplenented and

not nulti-angle control, is described next with reference to Fi g.

43. 10 The parental |ock subroutine described below wites

the interleave unit arrangement of the nultinedia bitstream

system stream (CELL) when (YES in step #331206) the extracted

address information is a value (3FFFFFFh) pointing outside the
system stream (CELL), a reproduction sequence changing means
for generating a signal incrementing a reproduction sequence

5 counter one when the reproduction mode is forward, and
decrementing a reproduction sequence counter one when the
reproduction mode is reverse, when a stream end detection
signal is output, a reading means controller for controlling
the reading means according to the address information output

10 . by the system stream selection means and the reproduction
position selection means, and an output processor for decoding
the wvideo data, sub—picture data, and audio data, and

outputting the audio and video according to the decoded

result.

15 10. The optical disk reproduction apparatus (DCD)
adcording to claim 9, wherein the system stream end detection
means detects that.the extracted address information points
outside the system stream (CELL) by detecting an address Qalue
of (3FFFFFFh), and outputs as address information of the next

20 data to reproduce, address information of last feproduction
control information.(NV), or address information of first.
data, for the system stream (CELL) currently being reproduced,
with a stream end signal indicative .of an end or beginning of

a system stream (CELL).



the cont ef; RQEB rmation (cell pl ayback
I nformatio ) gieet ceirk lla‘Q‘Idom and M@Mﬁﬂ@@ll pack NV
[ nformatlo:mlﬂ mmﬂn to t _ m;lfti medi-a

bitstream At step #2402 a val ue "
cel | bl ock node CBM (Fig. 16) of the cell plpy#ScsHERTT HASREEN!
ion REPLACED  eqch

bl ocks C_ PBI #i containing the VOB control infor
scene based on the multi-angle flag VOB Fm state,

to indicate that nulti-angle control is not enabled in the

mul ti-scene peri od. Aty % ep #2404 the sean RARs

flag SPF (Fig. 16) is set to 1 inthe cell playback informati on

bl ocks C_PBI _ #1 containing the VOB control information for each

scene based i -138 -

PCT/ JP96/ 02798 on the precedi ng VOB seanl ess connection flag

VOBFsb st at e, which is set to 1 to indicate a seanl ess connection
11. An optical disk reproduction apparatus (DCD) that

is an optical disk reproduction apparatus for reproducing data
from a multimedia optical disk (M) according to one of claims
6, 7, 8 [sic], and 9 [sic] wherein first data contained in a
5 éystem - stream (CELL) is always reproduction control
information (NV), trick play infofmation (VOBU_SRI) is address
information of reproduction control information (NV) of a
location to be reproduced, and one system stream (CELL) is
recorded interleaved in units (NV) recorded by reproduction
10 control information (NV), allocated with reproduction control

~information (NV) at the beginning.

12, A method for reproducing data from a multimedia
optical disk (M), being a method for reproducing using a
~ reading means data recorded to an multimedia optical disk
| 15 storing a plurélity of system streams (CELL) interleaving in
GOP units data containing at least moving picture data, and
'reproduction-éontrol information (NV) containing trick play
information (VOBU_SRI) declaring the address of the next data
to be reproduced according to the special reproduction mode
20 used, and a plurality of program chain information (VTS_PGC)
| déclaring.a reproduction sequence of at least one system
stream (CELL), wherein at least one system stream (CELL) is

shared by a plurality of program chains (VTS_PGC), and

address information of first data in a system stream (CELL),



At step #2406 t eelsﬁgg in the cell

e Tl e Tllﬂllllllllfmmm&df e Vs comrol

connectlon ate , which'is set to 1 ‘
sean ess connectlon At step #2408 thg THI® SHEERVSS BEEN
allocation flag | AF "(Fig. 16) is set to 1 in the cel REfAGEBack

i nformati on bl ocks 10 C PBI #i containing the VOB control [ nformation
for each scene based on the multi-angle seam ess switching flag
VOBFsV state, which is set to 1 t@gandicate interleavi

required. At step #2410 t‘fle navi gati on pack @’[’6&26{92(’)738
information (the relative sector nunber fromthe VOB start) 15 i's
detected fromthe title editing unit (VOB) obtained from the system
encoder 900 (Fig. 25). The navigation pack NV is t hen detected based
on the nunber of i nterl eaved VOB divi sions ILVDIV, a formatter

bt ai 1874 V
Bg;?{?gﬁri (I’)lf E)?I | on (incﬂttf &t of nféﬂ?%égon 20°f 1138?%1 tﬁ:e% r}% nglatrd
di vi de each VOBm@wmaE@oapw)' ad a#%sirz&m@&e% | (EeL SR U&th Srdd

VOBU units. ste the 1nterleave units

step #2(+8g2aA tfa.%llrﬁt eiﬂﬁé’iﬁﬁ‘é\ncﬁ?r W@gprC)th%cb&»&@&h%aVQ:éml Eﬁe
are arranged in ascend| ng VOB nunber sequence to Treate the

interl eaved bl ogkpraduehovhn igeguehice DE OEh&8systsl igteeam (CELL) , whereby

5 when a reproduction mode is forward reproduction, and a system

stream (CELL) being currently reproduced is reproduced to the

end, a reproduction sequence counter indicative of a forward

reproduction sequence in a program chain (VTS_PGC) of a

current system stream (CELL) is incremented one, address

10 information of first data in a system stream (CELL) pointed

to by this reproduction sequence counter is extracted, a

reading means is moved to a position indicated by this address

information, and the next data is read, and when a

reproduction mode is reverse reproduction, apa.a system stream

— 15 (CELL) being currently reproduced is reproduced to the

beginning, a reproduction sequence counter indicative of a

forward reproduction sequence in a program chain (VTS_PGC) of

a current system stream (CELL) is decremented one, address

information of a last reproduction control information (NV)

20 in a system stream (CELL) pointed to by this reproduction

sequence counter is extracted, and a feading means is moved

to a position indicated By this address information, and the

next data is read.



-139 - dgJ P96/ 02798 erleaved bl ocks are
added to I lsSheetHasBeenR gd Imﬁmwm Illl “MB At step
#2414 the nunber fr Ustart is witten to
the VOB en VOBUEA 5 (Flg 20) int ' ok NV
of each VCBU based on the VOBU position infor gtep
#2186. At step #2416 the first cel

C FVOBU SA and the last cell VOBU start address CLVOB eXpr essed

as the nunmber of sectors fromthe beginning of the 10 VIS title VOBS

(VISTTVOBS) are witten as the addresses 19§ . t he navi gatpComIPseToRNV
of the first and | ast VOBU in each cell based on the VIS title VOBS
(VTSTTVOBS) data obtai ned in step #2412. At step

#2418 the relative sector nunber to the last 15 interl eave unit pack is

witten to the ILVU end pack address

13. A method for reproducing data from a multimedia
optical disk (M), being an apparatus [sic] for reproducing
using a reading means data recorded to an multimedia optical

disk storing a.plurality of system streams (CELL) interleaving

5 in GOP units data containing at least moving picture data,
énd reproduction control. informatién (NV) .containing trick

play information (VOBU_SRI) declaring the address of the next

data to be reproduced according to the special reproduction

mode used, and a piurality of program chain information

10 (VTS_PGC) declaring a reproduction sequence of a system stream
(CELL) in a program chain (VTS_PGC)_ containing at least one -
system stream (CELL), wherein at least one system stream
(CELL) is shared by a plurality of program chains (VTS_PGC),

and address information of first data in a system stream

- 15 (CELL), and address information of last reproduction control
information (NV) in a system.stream (CELL) are recorded to

program chain information (VIS_PGC) according to the

reproduction sequence of the system stream (CELL), where

address information written to trick play information of

20 reproduction control informatiﬁn (NV) is either address

s '~ information in a system stream (CELL) containing reproduction
contrél_ information (NV) to which said trick play information

(VOBU_SRI) is written, or a value pointing to other than said

system stream (CELL), whereby when a reproduction mode is

.25 forward reproduction, address information of data to be



| LVU EA i npack NV ng the
i nterl eav eg" e %‘:ﬁj the i nt !Il& ﬂﬁﬂ‘&ﬂ !'Ia obt ai ned from
step #2412 I At st L, ative sector number in

t he ock data forned in step #2412 T %Em
next-l LVU start address NT_I LVU SA as the position inf TSt SYfF ¥
the next ILVU in the navigation packs NV of the VOBU hAGE l

the interleaved unit |LVU. ' -140 -
PCT/ JP96/ 02798 At step #2422 the interleaved unit flag
I LVU fl ag - is set to 1lin the naV|g?{|on packs NV of tfupd#ﬁ¥¢@@2798
cont ai ned ‘in the interl eaved unit At step
#2424, the Unit END flag of the navigation 5 pack NV in the |ast VOBU
of the interleaved uni-t 1LVU is set to 1. At step

#2426 "FFFFFFFFh" is witten to the

reproduced next for forward reproduction is read from trick

play information in reproduction control information (NV), and

when the value points inside a system stream (CELL), a reading
means is moved .to the position indicated by the value and the

5 next data is read, but when the value points outside a system
| stream (CELL), a reproduction séquence counter indicative of
a forward reproduction sequence in a program chain (VTS_PGC)

of a current system stream (CELL) is incremented one, address
information of first data in a system stream (CELL) péinted

10 - to by thié reproduction sequence counter is extracted, a
reading means is moved to a pbsition indicated by this address
information, and the next data is read, and when a
reproduction mode is reverse reproduction, address information

of data to be reproduced next for reverse reproduction is rea.d

w 15 from trick play information in reproduction control
information (NV), and when the value points inside a system

stream (CELL), a reading means is moved to the position

indicated by the value and the next data is read, but when the

value points outsuie a system stream (CELL), a reproduction

20 sequence counter indicative of a reverse reproduction sequence

in a program chain (VTS_PGC) of a current -system stream (CELL)

is decremented one, adaress information of a last reproduction

control information (NV) in a system stream (CELL) pointed to

by this reproduction sequence counter is extracted, and a



operation descri formats | eaved bl ocks to

UGBU i n the ?Qéﬁhﬁ‘*ﬂé mﬁL' ol ?[vd,ml imi mg " e’

enabl e parental n the ' nultl-scene periods, and far S
t he control informatlon in . the cells, i.e., the detfiSm#arIa¢kS BEEN
control information for the mul ti - scene periods. | 15 peEi ACED :
The single scene subroutine executed as step #2314 —

steps #2312 or #2316 return NO, i.e. , when t he scene is deternined
to be a single scene and not a. mulqigh-scene period, is JB d@ ﬂ?g
using Fig. 44. The singl e scene subroutine descrl e % ow
wites 20 the interleave unit arrangenment of the nultinmedia bitstream
the content of the PGC information entries CPBlI #i (cell pl ayback

i nformation) shown in Fig. 16, and the navigation pack NV

I nformati on shown in Fig. 20, to the generated DVD mul timedi a

bi t stream

PCT/ JP96/ 02798 reading means is moved to a position 1nd£é&ted by this address

informatioh, and the next data is read.

14. The method for reproducing data from a multimedia

optical disk (M) according to claim 11 or claim 12, wherein
5 address (3FFFFFFh) is used as a value pointing outside the

gsystem stream (CELL), and when an address written to trick

play.information is other than 0, the address is a location

inside system stream (CELL), and when the address 1is

(3FFFFFFFﬁ), the address points outside the system stream
10 (CELL) .

15. A method for recording to a multimedia opticai disk

(M) for recording a plurality of sgystem streams (CELL)

- ihterleaving in GOP units data containing at least moving
picture data, and reproductioﬁ control information (NV)

15 containing trick play information (VOBU_SRI) declaring the
address of néxt data to be reproduced according to a special
reproduction mode used, and_a pﬂurality"of program chain
information (VTS_PGC) representing a reproduction sequence of

a system stream (CELL) in a program chain'(VTS_PGC) comprising

20 more than one system stream (CELL), wherein when at least onel
system stream (CELL) is shared by a plurality of program
chains (VTS_PGC), address information of first data of each

system stream (CELL), and address information of last



tAL tStteE #2430 a Yaﬂly&e t BRDBech R ae@dtfng Elllﬁﬁiillil hll " I kb' ock", itie‘-,t
a ere is only e fun ' loc is witten to.
the cell bl ock md§mnfuﬂu E of t ayback i nformation

bl ocks C_ PBI #i control |nf or ma

scene based on the nulti-scene - flag VOBFp state, whiTE#S SHEEEHASOBEEN
to indicate that the scene is a single scene and ngt parREEACED !
mul ti-scene peri od. At step #2432 the interleaved

all ocation flag | AF (Fig. 16) is set to O in the cell playback

I nformation bl ocks 10 C_PBI #i contayjggng the VOB control pcAf ?B
for each scene based on the nulti-angl e seanl ess sw tchl ng fI ag Vi
FsV state, which is set to O to indicate interleaving is not
required. At step #2434 the navigation pack NV position

15 |nformat|on (the relative sector nunber fromthe VOB start) IS
detected fromthe title editing unit (VOB) obtained from the system

te |ntC Fge{/oggo(wsg‘?%%ééﬁ‘c% ﬁfeie\%dcfn: o]; and® %ﬁrﬁ‘ahbnan&“pr eam at 5%9%1‘1: eghtggream
nul timedi a bits{eRAR) , 2%e written to ﬁ:g{)@i‘gﬂ %?%gﬁ\/gﬁgﬁﬂ palgé?a?@'féoﬁGc)

nunber fromthe VOBU start 1s w nto ddr ess
?/ﬁBu_EA &Eb8razfly itbt Be PayiadtéPloRadediénle €a8h &/OBYskasedsOPeam
e
(CELL) , and address information of data to be reproduced next
5 is written to trick play information according to the

reproduction mode.

16. A method for recording to a multimedia optical disk

(M) for recording a plurality of system streams (CELL)
interleaving in GOP units data containing‘ at least moving

10 picture data, and reproduction control information (NV)
containing trick play. information (VOBU_SRI) declaring the
address of next data to be reproduced according to a special
reproduction mode used, and a plurality .of program chain

\/ information (VTS_PGC) representing a reproduction sequence of
15 a system étream (CELL) in a program chain (VTS_PGC) comprising
more than one system stream (CELL), wherein when at least one
system- stream (CELL) is shared by a plurality of program
chains (VTS_PGC), é.ddress information of first data of each
systém stream (CELL) is written to program chain information

20 (VTS_PGC) according to a reproduction sequence of a system
stream (CELL), and address information written to trick play
information of at least first or last reproduction control
information (NV) of a system stream (CELL) is characterized

by [sic]l] a value . determined by a conventional special



VOBU posi ti-an o 0f Qr.hat ion obt ai ned | At step
#2438 t he fﬁ'ﬂs &Iﬁ : ST ar t addmﬂi'mﬂﬁ‘ﬁﬂﬁmmFU_SA and the | ast cell
VOBU st art aH HH SA . x c oL * - 142

M S -

02798 expressed as _ﬁsp e e BEEN
sectors fromthe begi nning of and the end of, resp %I 'ﬁ5§ e VTS
title VOBS (VISTTVOBS) of the value witten as thg_a g 3l
navi gati on packs NV of the first and last VOBU in cell based on the
VIS title VOBS 5 (VTSTTVOBS) data obtained in step #2434.
At step #2440 the state determ ned as a_rjggul t of step fﬁﬁp
in Fig. 34, i.e., whether preceding VOB 195 seanl ess connegﬁ?gﬁpg?gg
VOBFsb .is set to 1 indicating a seanl ess connection to the preceding
or follow ng scenes, is 10 eval uated. |If step #2440 returns YES, the
procedure noves to step #2442. At step #2442 the

seamnl ess pl ayback flag SPF (Fig.

reproduction mode writing address information in a system
stream (CELL) containing reproduction control information (NV)
to which trick play information (VOBU_SRI) is written, or a
value indicative of a location other than a system stream

5 (CELL) .

17. A method for recording to a multimedia optical disk

(M) for recording a plurality of system streams (CELL)
interleaving in GOP units data containing at least moving
picture data, and reproduction control information (NV)

10 containing trick play information (VOBU_SRI) declaring the
address of next data to be reproduced according to a special
reproduction mode used, and a plurality of program chain
information (VTS_PGC) represgenting a reproduction sequence of

o a system stream (CELL) in a program chain (V'fS_PGC) comprising
15 more than one system stream (CELL), wherein when at least one
éystem stream (CELL) is shared by a plurality of program
chains (VTS_PGC), address information of first data of each
system stream (CELL), and address information of last
-reproductign control information (NV) of a system stream

20 (CELL), is written to program chain information (VTS_PGC)
according to a reproduction 'se&;uence of a system stream
(CELL), and address 'information written to trick play
information of at least first or last reproduction control

information (NV) of a system stream (CELL) is characterized



16) is set s dnebitiat BSnREMceP! ayback i | ' |l ocks C_PBI #i
containing t I nf or mat nﬂﬂwﬂiﬁwﬁﬂgﬁﬂﬁ based 15 on the
pr ecedi ng VC%MWHBMB ection fl L are, which is set

to 1 to indi connecti on. Al—st-ep #%444“{ he
STC resetting flag STCDF is set to 1 in the cell T}bﬂ&ﬁbﬁ&ﬁl"{\ BE

I nformati on bl ocks C _PBI #i containing the VOB qont r oREPIAEDmat i o
for each scene based 20 on the preceding VOB seam tonnection flag
VOBFsb st at e, which is set to 1. | f step #2440
returns NO i.e., there is not a -9p@nl ess connecti on t pE1EP96/02798
precedi ng scene, the procedure noves to step #2446.

-143 - PCT/ JP96/ 02798 At step #2446 the
seanl ess pl ayback flag SPF (Fig. 16) is set to O in the cell

pl ayback information bl ocks CPBI #i containing the VOB control

informati on for each scene based
by [sicl] a wvalue determined by a conventional special

reproduction mode writing address information in a system
stream (CELL) containing reproduction control information (NV)
to which trick play information (VOBU_SRI) is written, or a
5 value indicative of a location other than a system stream

- (CELL) .

is8. The method for recording to a multimedia optical

disk (M) according to claim 15, 16, or 17, wherein when a

value determined by é conventional special reproduction mode

10 points to a location other than a system stream (CELL)
cdntaining reproduction control information (NV) to which

trick play information (VOBU SRI) is written, address
information written to trick pléy information of at least

S first or last reproduction control information (NV) of a

15 system stream (CELL) is an address value of 3FFFFFFh.

19. The methbd for recording to a multimedia optical
disk (M) according to claim 15, 16, or 17, wherein address
informaﬁion relating to reverse direction reproduction is an
address value of 0 in trick play information (VOBU_SRI) in a
20 first reproduction control information (NV) of a system stream '
(CELL), address information relating to forward direction
reproduction is an address value of 0 in trick play

information (VOBU_SRI) in a last reproduction control



on the preced e; P ess onnect VCBFsb state, - which is
set to 0 to i Mﬁ“ﬁ NEF{W ess @mnl i“""l'! Iul At step
#2448 the STC r STCDF | in the cell playback

i nformation bl cont ai ning the VOB control information

for each scene based on the precedi ng VOB seanl es ction flag
VOBFsb st at e, which is set to O. ﬂldsgp;grﬁu

descri bed above thus formats a mul timedi a bitstrepm forpmy 3hA §I
scene period, and records the control information ar¥

i.e., the ceII pl ayback control rmation (CPBI #i,

the information 15 I n the navigati onrﬂﬁck NV (Fig. 20), t?@ﬁ%&% ed
DVD mul ti medi a bitstream Decoder flow charts

Di sk-to-stream buffer transfer flow The decodi ng

I nformati on table produced by the 20 decoding system controller 2300
based on the scenario selection data St5l is described bel ow

referring to Fi The decodi n.gqel nfornation table

S.. 45 . d 46.
conprises the dgft%:&rﬂﬁltlon | (I_‘TeZy_sﬂfSrrf"t Yo R PR (CELR) arﬁ:'f“{ hgddress
decoding tabl e i?&‘@ﬂ:mation wr!i.gtghgto %Qher. trick play information (VOBU_SRI)

is an address value pointing to the last reprodﬁction control
information (NV) of said system stream (CELL) when said
5 address information relates to forward direction reproduction,
and is an address value pointing to the first reproduction
control information (NV) of said system stream (CELL) when
said address information relates to reverse direction
reproduction, when a value determined by a conventional
10 épecial reproduction mode points to a location other than a
system stream - (CELL) containing reproduction control
information (NV) to which trick play information (VOBU_SRI)

is written.

N - 20. The method for recording to a multimedia opt:.cal
15 disk (M) accordlng to claim 15, 16, 17, 18, 19, or 20 [sic],
wherein first data contained in a system stream (CELL) is

always reproduction control information (NV), trick play
information (VOBU_SRI) is address information of reproduction

control information (NV) of a location to be reproduced, and

20 one system stream (CELL) is recorded interleaved in units
recorded by reproduction.control information (NV), allocated

with reproduction control information (NV) at the beginning.



-144 - ' PCT/ JP96/ 02798 As shown in Fig.

45, the decodi ng systemtable conprises a scenario information

regi ster and a cell information register. The scenario information
register records the title nunber and ot her scenario reproduction.

5 I nformati on selected by the user and extracted fromthe

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 - def i ned
scenario information extracted into the_sggnario 10 I nf or NE¢TAPO6/02798
regi ster. More specifically, the scenario informtion

regi ster contains plural sub-registers, i.e., the angle nunber
ANGLENOr eg, VTS  nunber VTSNOr eg, PGC  nunber

VTSPCGCI NOreg, audio I D AUDI O Dreg, sub-picture ID 15 SPIDreg, and the
system clock reference SCR buffer SCR buffer

The angl e nunber ANGLENOreg stores which %ﬁ%&%Ah&

A multimedia optical disk £from which special

reproduction can be performed even when a cell is.shared by

a plurality of program chains (VTS_PGC) or even when a system

5 stream (CELL) is divided and a plurality of cells are
interleaved in the system stream (CELL). A program chain
(VTS_PGC) is composed of a plurality of system streams (CELL)

in which moving picture data and reproduction control
information (NV) including trick play information describing

10 the positional information of the data to be reproduced next
are interleaved. Program chain information (VTS_PGC)
representing the order of reproduction of the system streams

(CELL) is written in a prescribed area. The positional

” information of the first data and that of the 1last
15 reproduction control information (NV) of each of the system
stream (CELL) are designated in accordance with the order of
reproduction of the gystem streams (CELL). A reproducing
device, reproducing method and recording method for such a

multimedia optical disk are also disclosed.



reproduced when there are multiple angles in the reproduction

program chain PGC. 20 The VTS nunber VISNOreg records the
nunber of the next VTS reproduced fromanong the plural VTS on the
di sk. The PGC nunber VTSPGCI _NO reg records which of the
pl ural - program chains PGC present in the video title set VIS isto
be reproduced for parental |ock control or other 25 applications.
-145 - : PCT/ JP96/ 02798 The audio ID
AUDI O D_ reg records which of the ~plural audio streans in the VTS
are to be reproduced. ' The sub-picture ID SP_ ID_ reg
records which of the pl ural sub-picture streans is to be reproduced
when there are 5 plural sub-picture streans in the VTS

The system cl ock reference SCR buffer SCRbuffer is the buffer for
tenporarily storing the systemclock reference

Fig.1

MBS

VTS#0 | VTS#1 VTS#K-1| VIS#K

g S T3
T —r




SCR recorded to the pack header as shown i
using Fig. 26,

this tenporarily stored system cl ock
output to the decoding systemcontroller 2300

As descri bed
10 reference SCR i s
as the bitstream

n Fi-g. 19.

control data St63. The cell information register contains
the foll ow ng sub-registers: the cell block node CBM reg, cel
bl ock type CBT_ reg, seam ess reproduction flag SPFreg, interleaved
15 allocation flag | AF reg, STC resettlng flag STCDF, seanl ess
angl e change flag SACF reg, first cell p ress _
C _FVOBUSA regq, and | ast cell VOB t § qddress C LvOoBU
SA reg. The cel |l bl ock nf &M t @es a value. 20
i ndi cati ng whether plural cells const i ur@t i il bl ock. If
there are not plural cells in one functio )C%E T CBMeg stores
NBL OCK. If plural cells constitute one functh onal bl ock, the val ue
FCELL is stored as th M eg val ueof th&%irst cell in the block,
LCELL is stored as thdal 25 CBM_reg value of ¢ff last cell in the bl ock,
and BLOCK is \,q\ °
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- 146 - PCT/ JP96/ 02798 stored as the CBMreg of

value all cells between the first and | ast cells in the bl ock.

The cell block type CBT_ reg stores a val ue defining the type of the
bl ock indicated by the cell block node 5 CBM_reg. |If the cell block
Is a nmulti-angle block, A BLOCK Is stored; if not, NBLOCK is stored.
The seamnl ess reproduction flag SPF_reg stores a val ue defining

whet her that cell is seamn ess connected with the cell or cell block
reproduced therebefore. If a seam ess 10 connection is specified,

SML is stored; if &1 seanl ess © connectg)n I s not specified, NSM
I s stored. Thgn 8r|eaved allo nyon flag | AFreg stores’a

| | ®@xists in a contilguous or _

part of a an inter|l eaved 15 bl ock,
The STC
systlemtine &ock ST@®used
Il is re|80duced;8v\/nen

i nterl eaved bl ock. If e c
ILVB is stored; otherw
resetting flag STCDF definel3
for synchronization nust be re%

val ue identifying Whe%ire t he
S

resetting the systemtine =] clock SPY} is necegslary, STCRESET is
stored; if resettingis 20 _“pt v, STCNBHSET is stéred. 2
The seanl ess angl e change fl ag SA ore g
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val ue indicating whether a cell in a multi-angle period shoul d be

connected seanl essly at an angle change. If the angle change is
seanl ess, the seam ess angle change flag SACF is set 25 to SM;
otherwise it is set to NSM. - 147
- PCT/ JP96/ 02798 The first cell VOBU
start address CFVOBU_ SA reg stores the VOBU start address of the
first cell in a block. The val ue of this address is expressed as the
di stance from the logic sector of the first cell in the VIS title
VOBS 5 (VTSTTVOBS) as neasured by and expressed (stored) as the
nunber of sectors. s The last cell VOBU start address C_
LVOBUSA reg %;4 the VOBU start address of the last cell in the
bl ock. The val of this address is al so expressed as the distance
10 fromthe logic segyen of the first gell ip the VIStitle VOBS
(VTSTTVOBS) neasured by an ressed (stoyed) thesgfnber
4
RS L \/ \ PL1
\ / ~ BL1
C1 SB.
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of sectors. ) The decoding table shown in Figs. 45 and 46 is
descri bed below. As shown in Figs. 45 and 46, the decoding 15 tabl e

conprises the followi ng registers: infornmation registers for
non-seam ess nulti-angle control, information registers for seanl ess
mul ti-angle control, a VOBU information register, : and information
regi sters for seanl ess reproduction. The information
regi sters for non-seanless 20 mul ti-angl e cont rol conpri se
sub-registers NSMLAG._Cl _DSTAreg - NSML AGL C9_DSTAr eg.

NSMLAGL._Cl1 _DSTA reg - NSMLAG.CO _DSTA reg record t he
NVSL_AG._Cl1_DSTA - NVSBLAG.C9_DSTA val ues in the PCl packet shown in
Fig. 20. o . -148 -

PCT/ JP96/ 02798 The information registers for seanl ess
mul ti-angl e control conpri se sub-registers SM.AGQ._C _DSTAreg

Fig.7
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SML AGL C9 DSTA reg. SMLAGL_Cl DSTA reg - :

SMLAG._C9 DSTAreg record the 5 SM. AGL_CO DSTA - SM. AG._C9 _DSTA val ues
in the DSI packet shown in Fig. 20. The VOBU
information register stores the end pack address VOBU EA in the DSI
packet shown in Fig. 20. The information registers for
seanl ess- reproduction 10 conprise the follow ng sub-registers: an
interleaved unit flag -1 LVU flag_reg, Unit END flag UN TEND_ fl agr eg,

I nterl eaved _ Unit End Address ILVU EA reg, Next Interleaved Unit

Start Address NTILVU SA reg, the presentation start tinme of the
first video frane in the VOB (Initial Video Frame Presentation 15 Start
Time) VOB V_SPTMeg, the presentation end tinme of the | ast vi deo
frame in the VOB ((Fc'lyl g deo Frame Presentation Term nation Tine)
VOB _V_EPTM eg, audi epf oducti on stopping - time 1 VOB_A STPPTM _regq,
audi o reproduction stopping tine 2 VOB A STPPTM2 reg, audio
reproduction stopping period 1 20 VBRIA\ GAPLEN1 reg, and audi o
reproducti on stopping peri9g A GAP_LEN2 reg. _

The interleaved unit flag OT € he val ue indicating
whet her the video object unit ‘ NQt er | eaved bl ock, and
stores ILVUif it is, and N ILVU i}

TRA

Fig.10




-149 - PCT/ JP96/ 02798 . The Unit END fl ag

UNI TEND f | ag reg stores the val ue i ndi cati ng whether the video
object unit VOBU is the |last VOBU in the interleaved unit |LVU.
Because the interleaved unit ILVU is the data unit for continuous
reading, the 5 UNIT_END flag_reg stores END if the VOBU currently being
r ead is the last VOBU in the interleaved unit |ILVU and otherw se

st ores NEND. The Interleaved Unit End Address |LVU EA reg
stores the address of the last pack in.the ILVU to which the VOBU
10 belongs if the VOBU is in an interleaved block. This address

is expressed as the nunber of sectors fromthe navigation pack NV of
t hat VOBU. The Next I nterl eaved Uni t Start

Addr ess gslf’eg stores the start address of the next
15 interl eaved uni™ILVU if the VOBU is in an interl eaved bl ock.

TRB

RS2 RdA&) //Rczo

RS1




This address is al so expressed as the nunber of sectors from t he

navi gation pack NV of that VOBU. The Initial Video Frane
Presentation Start Tine regi ster VOB V_SPTMeg stores the tine at
whi ch presentation 20 of the first video frame in the VOB starts.

The Final Video Frane Presentation Term nation Tine regi ster
VOB_V_EPTM eg stores the tinme at which presentation of the | ast
video frame in the VOB ends. The audi o reproduction
st oppi ng time 1 25 VOB A STP PTML_reg stores the tine at which the
audio is to -150 -

PCT/ JP96/ 02798 be paused to enabl e resynchroni zation, and the
audi o repro CtIO t oppi ng period 1 VOB A GAP_LENl reg stores the
| ength of this pau ?d? The audio reproducti on
st oppi ng tinme VOB _A STPPTM2_reg and audi o reproduction stopping

period 2. _
| HdA@ |

RS2

‘Fig.14
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VOB _AGAPLEN2 reg store the sanme val ues. The operation of
t he DVD decoder DCD according to the present invention as shown in
Fig. 26 is described next bel ow with reference to the flow chart in
Fig. 47. 10 At step #310202 it is first determ ned whether a
di sk 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. 15

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 wvideo
title set nenu address information VISM C ADT is extracted fromthe
VTS information 20 VTSI, and the procedure noves to step #310210.

At step #310210 the video title set nenu VISMVOBS is read fromthe
di sk based on the video title set nenu address information
VTSM C ADT, -and the title selection nenu ~ i's presented.

(
- SSe

—] SSb

SSa

Fig.15



-151 - . PCT/ JP96/ 02798 The user is

thus able to select the desired title fromthis nmenu in step
#310212. If the titles include both contiguous titles with no
user-sel ectabl e content, and titles cont ai ni ng audi 0 nunbers,
sub-picture nunbers, or nulti-angle 5 - scene content, the user nust
al so enter the desired angle "nunber. Once the useyel— e+-pn i S
conpl eted, the procedure noves to step #3102i%:

At step #310214, the VTSPGCI #i program-chai n,(PG0) __g’: daf a b| ock
corresponding to the title nunber sefpc®eld by t% 105 | user]i
extracted fromthe VISPGC i nformati n%be S_' T o 2l [ he
procedure noves to step #310216. Rgpxbquct i ofl t he
program chain PGC t hen begi ns c>)at tepﬁtﬁl 216.9) W\ﬁopr ogram
chain PGC reproduction is f d, eco proeeps—ends. |f
a separate title is 15 ereqfterp-e—pe r¢g ced |as- det er n-wed| by
noni tori ng key o] tha"cenario’-qlect(r#the tigle penu is
pr esent ed - againf(s$te #3102@ - = P2agl am
chain reproduction in steg #3 6 abp® | s ﬁ dgscri bed| 42 furt her
detail below referring tofFi4.O48. The> 20 ©O Jerognam ¢hai n EGC
reproduction routine congists E‘E st eps

i

v 3

S _PGCIT |

VTS_PGCI
#]

C_PBI

[
1

VTSI

141
#1

a——
—

VTSI_MAT
VTS_PGCI

CELL NO.|< C_PBI

IAF |STCDF | SACF|C_PBTM|C_FVOBU_SA|C_LVOBU SA|-

Fig.16

CBM | CBT | SPF




#31030, #31032, #31034, and #31035 as shown. At step

#31030 the decodi ng systemtable shown in ' Fig. 45 is defined.
The angl e nunber ANGLENOreg, VTS nunber VTSNO reg, PGC nunber
VTSPGCI _NO reg, audio ID AUDIO ID reg,

- 152 - PCT/ JP96/ 02798 and sub-picture ID
SPIDreg are set according to the sel ecti ons nade by the user

usi ng the scenario selector 2100. ~ Once the PGC to be
reproduced is determ ned, the _ correspondi ng cell information (PGC
information entries CPBI 5 #)) is extracted and the cell information
regi ster is defined. The sub-registers therein that are defined
are the cell bl ock node CBMeg, cell block type CBTreg, seanl ess
reproducti on flag SPFreg, interleaved allocation flag | AFreg, STC
resetting flag STCDF, seam ess angl e change flag SACFreg,: 10 first
cell VOBU start address CFVOBUSAreg, and |ast cell : VOBU st art

address C_ LVOBU_  SAreg.
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Once the decoding systemtable is defined, t he process

transferring data to the stream buffer (step #31032) and t he
process decoding the data in the streambuffer (step 15 - #31034) are
activated in parallel. The process transferring data to
the stream buffer (step #31032) is the process of transferring
data fromthe recording nmedium M to the stream buffer 2400.

This is, therefore, the processing of reading the required data
from 20 the recording medium M and inputting the data to the stream
buffer 2400 according to the user-selected title information and
t he pl ayback control information (navigation packs NV) witten in
t he stream The routine shown as step #31034 is the
process for 25 decodiqg 1 ata stored to the stream buffer 2400
(Fig. 26), -153 -

PCT/ JP96/ 02798 . ang
dat a out put

utting the decoded data to the video
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termnal 3600 and audio data output termnal 3700. Thus, is t he

process for decoding and reproducing the data stored to. t he
st ream buf fer 2400. 5 Not e 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 conpleted, it is determned in step #31035 whet her the
conpl ete program chain PGC has been 10 processed. |f processing the
conpl ete program chain PCC is not conpl eted, the decodi ng system
table is defined for the next cell in step #31030. This | oop from
step #31030 t hrough step #31035 is repeated until the entire
program chain PGC is processed. 15° Decodi ng process in the
stream buffer The process for decoding data in the
stream buffer 2400 shown as step #31034 in Fig. 48 is described
bel ow reffg'i" ngg) Fig. 49. This process (step #31034) conpri ses
steps #31110, #311 2,@26 M4, and #31116. 20 At step
#31110 data is transferred in pack units 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 2494k Fgghgqutbf)e buffers, i.e., the
vi deo buffer € > '
< -~ 1 Packet . )
\\/f
PKH| PTH Data
SCR g PTS,DTS
Stream ID V/DSI
_ A/SP
, PCIi DSI

)

‘Sub stream ID



25 2600, sub-picture buffer 2700, and audi o buffer 2800.

-154 - PCT/ JP96/ 02798 At step #31112
the Ids of the user-selected audio and sub-picture data, i.e.
the audio ID AUDIO Dreg and the sub-picture ID SPIDreg stored to
the scenario information regi ster shown in Fig. 45, are conpared
wth the stream I D and sub-stream I D read fromthe packet header
(Fig. 19), and the I é%g)natchlng packets are output to the respectlve
buf fers. The Szf dure then noves to step #31114.
The decode timing of the respective decodB\s (vi deo, sub- pi cture,
and audi o decoders) is copntrolTed | ep #31117, ~1 10 .e., t he
decodi ng operations of the<edeee§§2&—ﬁﬁ1> DSI cyn:%ronized, and
t he procedure noves to step-#31lls No that the
decoder synchroni zation va pq' f 1}4p #31114 is|descri bed
below wth reference to H.Q, The¢ re$pective
el ementary Stilfgf_fﬁﬁ_lhﬂﬂ—deeﬁdEﬁ—' \\\ ’/’/,//’ ‘“--~____‘__~§§-
PCI| general information DSl general information
(PCL_GI) | | (DSL_GI)
Angle information for non-seamless|| End address for VOB
(NSML_AGLI) (VOBU_EA)
, Destination address of angle cell Seamless playback information
e number 1 (SML_PBI)

(NSML_AGL_C1_DSTA) I I 1
: Interleaved unit flag
Destination address of angle cell (ILVU flag)
number 9 Unit end flag
(NSML_AGL_C9_DSTA) (Unit END flag)
Interleaved unit end address
(ILVU_EA)
Next interleaved unit end address
(NT_ILVU_SA)
Video start presentation time in VOB
(VOB_V_SPTM)
Video end presentation time in VOB
(VOB_V_EPTM)
: Audio stop PTM 1 in VOB
e (VOB_A_STP_PTM1)
Audio gap length 1 in VOB
(VOB_A_GAP_LEN1)

Audio stop PTM 2 in VOB
(VOB_A_STP_PTM2)

Audio gap length 2 in VOB
(VOB_A_GAP_LEN2)

Angle information for seamless
(SML_AGLI)
 Destination address of angle cell |
number 1
(SML_AGL C1 DSTA)

Destination address of angle cell
number 9
(SML_AGL_C9_DSTA)




15 at step #31116. The vi deo decoder 3801 thus reads and decodes
the data fromthe video buffer, the sub-picture decoder 3100

reads and decodes the data fromthe sub-picture buffer, and t he
audi o decoder 3200 reads and decodes the data from'the audi o
buffer. 20 This stream buffer data decodi ng process then
term nates when these decodi ng processes are conpl et ed.
The decoder synchronization process of step #31114, Fig. 49, is
described below with reference to Fig. 50. This processes
conprises steps #31120, #31122, and #31124. _ :
-155 - PCT/ JP96/ 02798 At step #31120 it
is determ ned whether a seani ess connectlon is specified between the
current cell and the. preceding cell. If a seanm ess connection, the
procedure noves to step #31122, if not, the procedure noves to step
#31124. 5 A procesgsypchroni zi ng operation for producing
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seanl ess connections is executed in step #31122, and a process
synchroni zi ng operation for non-seam ess connections is executed in
step #31124. Speci al Reproduction 10 The use of
speci al reproduction nodes such as fast forward and reverse pl ay
froma nmulti-scene period as shown" : in Fig. 21 recorded to a
recordi ng medi um M usi ng an i nterl eaved bl ock bitstream arrangenent
as shown in Fig. 58 is considered below. 15 The
execution of special reproduction nodes -such as fast forward and
reverse ("special-node reproduction” bel ow) usi ng an MPEG bi tstream
is described with reference to Fig. 51. Each block labelled "V' in
Fig. 51 corresponds fEZgrggpg groupof pi ctures GOP. During fast forward
reproduction the 20 " duction process does not reproduce every GOP
in the bitstream but skips GOP in the forward direction TRF to
discretely select and reproduce GOP data at a regular interval
starting fromthe reproduction start position of each sel ected GOP.
Thi s sel ecti off perrodymay pDe constant or nay vary

ve LO

LI

LS | LS LS | LS | LS LS | LS
#0 | $#1 #m #m+1#m+2gg#n-.1 #n

VFS FDS

VMG | VIS#1| VTs#2 ?r VTS#k-1] VTSHk
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Fig.24
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-156 - PCT/ JP96/ 02798 according to the GOP
selected. A simlar process is executed ~during reverse node
reproduction with the data being read in the reverse direction TRB.
Two net hods can be used to discretely select non- 5 contiguous GOP from
a contiguous bitstream pre-reading and storing into nenory the
address information of every GOP to be sel ected and reproduced, or
sequentially dynam cal ly readi ng the address information of the next
GOP to be selected during the reproduction process. The fornmer
method is 10 i npractical because of its |arge system nenory
requirenments. As a result, the present invention is an inprovenent
of the | atter sequential address deterim nation nethod.

The latter method can al so be achieved in tw ways: determ ning the
| ocation of the next GOP to be reproduced 15 based on the bitstream
rate or other constant factors, or recordi ng the address of the next
@GOP according to the " reproduction speed-to the bitstreamtogether
with the audio and video data, and extracting this address

i nformation during r epr oducti on. S
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20 Furthernore, if al
sel ected GOPs is reproduced,
P-franes in the GOP wll
speci al
usual | y decoded and di spl ayed.
-157 -
sharing plural systemstreans with
permtted as shown in the multi 4§

PCT/ JP96/ 02798

a

frames in each of the discretely
a particular
be selected and reproduced. During
reproducti on nodes only part of the data |n t he

nunber of |-frames

or
such
bitstreamis

However, |if
comopn system streami s
periods in Fig. 21, Fig.

30, and Fig. 31, special-npde lepr oducti on cannot be easily
acconpl i shed. 5 , when the address of the
next GOP is sequUEns d when branching fromthe
comon scene . to one| o urfal™system streans in the
mul ti-scene period o 0 mul ti pl e angl e scenes or
parental | ock control it is possible to calculate the
address of the next w3 10 the bit rate when the branch
destination is \vﬁ\ o
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contiguously arrayed. Wen the branch destination is not

contiguously arrayed, however, this calculation is not

possible. In addition, if the address of the next GOP is

recorded as an address on only one of the plural possible 15

reproduction paths, it is not possible to follow_the other

reproduction path lpanch, and plh® i s not accepﬁﬁ :

Furthernore, the a¥dil able di c@pacity cannotgge fficiently

used if all possibl¥ branch degtitrations are recorded. As the

nunber of common scenes i t he nunber of branch 20
destinations to be retord C+-EaSey , data geferation

(codi ng) becomes more confex, Tand codi ng|becones i fpractical.

As a result, it becomeg diffj to follqw the sel ected
reproduction path durigy fas ard repfoduction N of only one
mul ti-scene reproducti @hpat ' ﬁingly
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also difficult to follow the selected reproduction path during

reverse reproduction of only one nulti-scene reproduction pat h.
When VOB-B, VOB-C, and VOB-D are interl eaved as 5 shown in Fig. 57
to enabl e seam ess reproducti on between common scenes and the
sel ected reproduction path froma nulti- scene period for
parental |ock control or nulti-angle scene selection, it is even
more difficult to dynamically calculate t he address of the next
GOP. As a result, achieving fast. 10 forward or reverse node
reproduction at system stream branches and connections is stil
difficult, just as when interl eaving IS not used.

Therefore, the obj Ftigfw% present invention is to provide a
mul ti medi a optical *di eby special 15 reproducti on nodes can be
acconpl i shed even when the cells . form ng plural program chains.
share sel ected VOB or when the system streans are, divided into
plural VOB interleaved in interleaved units ILVU, a recording
met hod and a reproduction net hod for recording and reproducing
said mul ti : I | sk; and recordlng par gt u nd
reproducti or Tife %Hb%‘%‘ V\?(B);g%h;lmbe; i#ﬁ ££ iIng n’éa%&eh%ﬁ
repr oducti on ( ( UM f=YaS &1 \lnl A — Fae y
present invention also prOV|des a data structure ,,,,,,, /’

VOB set No. (VOBS_NO)
VOB No. in VOB set (VOB_NO)

Preceding VOB seamless connection flag (VOB_Fsb)

Following VOB seamless connection flag (VOB_Fsf)

Multi-scene flag (VOB_Fp)

Interleave flag (VOB_Fi)

Multi-angle flag (VOB_Fm)

Multi-angle seamless switching flag (VOB_FsV)

Maximum bit rate of Interleaved VOB (ILV_BR)

Number of interleaved VOB division (ILV_DIV)

Minimum 'interleaved unit presentation time (ILVU_MT)




wher eby speci al reproduction nodes such as fast forward and 25

reverse play can be achieved, and the data can be easily

-159 - PCT/ JP96/ 02798 _ produced, for a digital
vi deo di sk system even when common VOB are used to form plural
program chai ns. This data structure is characterized by
recordi ng both the cell start address and end address infornmation
to the 5 cell reproduction information to enable reverse node
reproduction. To enabl e high speed special node reproduction, . t he
ski p destination address records an address within the sanme cel

or an address indi7gu n ddress outside the cell ' (e.g., an
address val ue that |d£gﬁM§?fg as a DVD rel ative 10 address), and
each cell is therefore i ndependent of every other cell. The data
of each cell can therefore be easily generated even when cells
are shared by plural program chains PCC. -

VOB number '
(VOB_NUM) VOB #1 VOB#2 VOB#vb

Start time of video material (VOB_VST)

End time of video material (VOB_VEND)

Kind of video material (VOB_V_KIND)

Video encode bit rate (V_BR)

Start time of audio material (VOB_AST)

End time of audio material (VOB_AEND)

Kind of audio encode (VOB_A_KIND)

Audio bit rate (A_BR)




The first enbodi ment of the present inventionis 15 descri bed bel ow.
To enabl e hi gh speed speci al -node reproduction in this first
enbodi ment, information indicating an address beyond t he cel
border is recorded when the address of the skip destination is
outside the cell. 20 The relative sector information used
to rapidly nove according to the reproduction speed to the
sector of the VOBU ' contai ning the next GOP during fast forward
or reverse node reproduction of bitstream data according to the
pr esent invaF?' z?sgescribed below with reference to Fig. 32.
Thi s 25 relativ é§£t information is recorded in the present
-160 - PCT/ JP96/ 02798 i nvention as the VOBU
search informati on VOBUSRI of the ‘navi gation pack NV. The data

structure of this bitstreamis as previously described with
reference to Fig. 22 and_Eig. 16

VOB number (VOB_NO)

Video encode start time (V_STTM)

Video encode end time (V_ENDTM)

Video encode mode (V_ENCMD)

Video encode bit rate (V_RATE)

Video encode maximum bit rate (V_MRATE)

GOP structure fixing flag (GOP_FXflag)

Video encode GOP structure (GOPST)

Video encode initial data (V_INST)

Video encode end data (V_ENDST)

Audio encode start time (A_STTM)

Audio encode end time (A_ENDTM)

Audio encode bit rate (A_RATE)

AUdio encode method (A_ENCMD)

Audio start gap (A_STGAP)

Audio end gap (A_ENDGAP)

Preceding VOB number (B_VOB_NO)

Following VOB number (F_VOB_NO)




and the structure of the navigation pack NV is as described

5 with
reference to Fig. 20 and Fig. 32. Only the VOBU search
information VOBUSRI is therefore described bel ow The
VOBU search informati on VOBU_ SRl conpri ses search information
(FWDI n, FWDI Next) used for reproduction in the nornmal
direction, i.e., fast forward direction, and 10 search information
(BWDI n, BWDI Prev) used for reproduction in the reverse
direction. The index n to the FWDI and BWDI ‘addresses
decl ares the relative reproduction time fromthe VOBU contai ni ng
t he navi gati on pack NV re.the_reproduction tinme corresponds
to 15 0.5 sec. x n. For exang_d TPl 120 decl arey the rel ative
sector address of the VOBU repr¥dlicgdl 60 sec. | atef¥durg g
normal reproduction. FWDI Next gefl&Gres the relati tlor
address of the next VOBU, and rev decl ares the gtive
sector address of the preceding . 20 O - VOBU sear ch
information VOBU_SRI paraneters F ="ttt 0. FWDI Next, BWII 1
- 240, and BWDI Prev-do not record addr es 1nf ormation for any
VOBU outside the cell containing —-——""=-- trat--ngw i on pack NV. More
specifically, if the data that © woul d b%sed at the
relative reproductiontirrefrorrﬁwm 25 VOBUB\‘ tge cell for which
. ! . . ) cC
the navigation pack NV is beingp g n.| o
' Ol 1)) ) n
s T T : T
wl | 0
|0 #1'9
—_] © —| ®
m| < m|
ol 8 ol g
o|P o|®
<+
:\: o H| ™
R o 2
e o) g
o< o
| o sl o
N ol 2 ol =
o > o 2
o| < o <
N - N
ahe 5l
ol ol 2
o < ol <
o Y S —— NU —
N f 1
W 5 2z 3§ %
e &3 g &afs
I o @ | o B
2 2
> >



-161 - PCT/ JP96/ 02798 witten ié out si de t hat

cell, the FWDI and BWDI record a val ue sinply indicating that the
destination address is outside the current cell, and do not record a
val i d address val ue. This val ue may be, for exanple, "3FFFFFFFh." An
address enabling 5 VOBU to be sanpl ed and reproduced at a regul ar
interval, i.e., an address enabling high speed reproduction, is thus
recor ded. Reproduction_of a digital video disk and program
chain PGC by nmeans of the decoding sygjtemcgntroller 2300 of t he DVD
decoder DCD according to the presen iﬁﬁ? weon is 10 descri bed next
with reference to Fig. 47 and Fig. c :j The DVD
reproduction process is shown in Figg 48 i When the digital video
disk is inserted, the video title s ? 1O VIS information to be
reproduced is extracted, the VISPGCI #1 program chain (PGC) data
bl ock corresponding to the title 15 nunber sel ected by the user is
.extracted fromthe VISPGC i i able VIS PGCIT, and the
sel ected scenario is reproduged ac%qLd ng to the VISPGCI #i program
chain 23 :B it .
4
Slaz|d|a
>l &
-| DO
Slolo|
Wl o lH| g
_ ml el 1@
~ S| & ||
ol £
0| ipn w
H*H| o [
ol S 1-
ol 8lm
Sl ilo
<t <
| o |
Eg 917
W >: E? %g
Y YR Ke)
HF o | ¥ «
Al HlL] ©
Ol i) e
>| < || o
] 10
N[ ~] -1 O
¥l o N2
m|l o|¥F|
Ol & id| =
><|_u_.c_|_;'
Ol ke
™
Q 1—1—:“;
. EI: §§ {3
>(3Q




i nformation. Fi'g. 47 has al ready been descri bed above, and further

description thereof is thus omtted below. 20 . The process of
t he decodi ng system controller 2300 when a speci al reproduction node
such as fast forward or reverse play is selected by the user during
reproducti on according to the programchain information is described
bel ow with reference to Fig. 52.

-162 - PCT/ JP96/ 02798 At step #331202

t he .VOBU sear ch imP'r' t'@ VOBU_SRI is read fromthe DSI packet
data of the VOBU n vfg-t pack NV-fromthe stream buffer 2400 as
the data currently being reproduced in the VIS title VOBS

(VTSTTVOBS) based on the 5 VTS_PGCh\fi program chain information.

At step #331203 tke—dmrem-mm-mfﬁ—a—zégg———wé t he address
Adsi to the VOBU |sear Cllel \_D.D.ALQFIQQ hi t he navgpati on pack
NV of the next VJBU to |be reproduced _

PKH | PTH PTH

- VOBU search information
B (VOBU_SRI)
S e e e e e ——]
In forward direction
(FWDI 240)
(FWDI  120)
(FWDI  60)
(FWDI  20)
(FWDI  15)
(FWDI  14)
(FWDI 2)
(FWDI 1)
(FWDI Next)
N o In reverse direction
| : (BWDI Prev)
(BWDI 1)
(BWDI 2)
|
(BWDI 14)
(BWDI  15)
(BWDI  20)
(BWDI  60)
(BWDI 120)
(BWDI 240)




based on the reproduction node, i.e., whether normal or 10 speci al - node
reproduction, and the reproduction speed of fast forward and reverse
reproduction operations. As described with reference to Fig. 32, if
t he reproduction node is nornal reproduction, the address Adsi val ue
is set to the FWDI Next paranmet er declaring the next DSI packet
address (Fig. 32). If 15 fast forward, reverse, or other special
reproduction node is executing, the address Adsi is set to the other
VOBU sear ch informati on VOBU SRl paraneters (FWD 1 - 240, BWI 1 -
240) according to the reproduction speed. At step
#331204 it is determ ned whether the next 20 data to be reproduced is
val i d based on the address Adsi val ue obtained in step #331203. As a
result, a value greater than t he hi ghest. possi bl e address val ue of
t he vol une space VS of the recording nmedium M is used as the address
Adsi val ue. Assum ng that a single-side, single-layer disk is used
by way 25 of exanple only, the value 3FFFFFFFh is used. If YES is
-163 - - PCT/ JP96/ 02798
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returned in this step it is determined that the data to be

reproduced is not data within the sane cell, i.e., not data W thin
the cell range declared to CPBlI, and the procedure nmoves to step
#331206. If NOis returned, data to be 5 reproduced remai ns, and the
procedure noves to step #331205. At step #331205 t he

navi gati on packJ§N;§£ecified by t he address Adsi and
the bitstream prddud®r 2000 is control | ecHrt0@¢ad t Beitin@BU f gl | owi ng
t hat navi gatipn gﬁg&A NV. The read data is al so t he
stream buffer E 24

y 00. sggﬁgyaa rever se, =
reproduction e |st: ata that #200 §8§D aye

VOBU curFEh34B Hei ng reproduced and stored in

2400 is destroyed—wmirerr—data is transferred to the stream
2400, and operati pn downstream fromthe system decoder 15
interrupted. As ajresult, only data for the frant300
during high speed reproductlon S supplled to t he
2500, and smooth hi gh speed reproducfton—ee

At step #331206 if is determ ned whe
forward or reversg. |If forward, thp
#331207; if reverFe, t he procedure
#400| VOB_Fsb+0 #500| VOB_Fsb«1
| |
W
#700[ VOB_Fsf—0 #+800[ VOB_Fst+1
L
900
i Multi-scenes ?
NO
#1000 VOB _Fp+0 #1100 VOB_Fp+1
I |
(% ' #1200 Multi-angle
| | NO connection ?
#1300 VOB_Fm<+0
' YES

®)

#1306/ VOB_Fi+—0 #1400 VOB_Fm<+1
' VOB_Fi+1

66 ©




noves to step #331210. At step #331207 the j paraneter

I ndi cating the reproduction cell sequence in the VISPGC #i
extracted at 25 step #310214, Fig. 47, i.e., the PGC information CPB
#i -164 -

PCT/ JP96/ 02798 declaring the cell currently being accessed and
r epr oduced, ~is incremented 1 (j + 1). At step
#331208 it is determ ned whet her the cell to be reproduced in the
nor mal di rectionfi 3%53ed on the 5 VTSPGCI  #i program chain

I nformation extr cté:? p - #310214 and the reproduction cel
sequence | obtained in step #331207. I f the next
cel |l reproducti ' mati.on CPBl is not in the VT #i  program
chain infornatigggh on 10 CPBl result obtained in #331207, the
process term nat es. If the cell continues based on th§ CPBlI result

obtained in

#1500
NO

Seamless
switching?

| YES
#1600| VOB_FsV+0 #1700| VOB _FsV<+1

3 T

Encode
parameter
production

a————

#1800

~ Video/Audio

#1900) encoding

#2000_~7 voB
NO Sets processed

Forhat
#21 OOF encode table
production

T

- System
#2200 encoding

|
#2300{| Formatting

( eno )




step #331207, i.e., if PG information C PBlI #j +1 as specified by
the reproduction cell sequence j paraneter obtained in step #331207
exi sts, the procedure noves to step #331209. 15 At step
#331209 the first cell VOBU start address ~ CFVOBU SA at VOBU j from
the cell reproduction information C PBI of program chain information
VISPGCI #i is read and assigned to address Adsi, and the procedure
noves to step #331205. 20 At step #331210 the cel
preceding the currently reproduced cell in normal reproduction is

r epr oduced. At step #331211 it is determ ned whet her the
cel l to be reproduced in the reverse direction is valid based on
the program chain information VISPGCI #i extracted at step 25 #310214.
More specifically, if__the |1 reproduction '

-165 - PE]IgP@ 2798 informati on CPBI #j
defined by the j paranetesdecrenent ed

( stAaRT )

#1812 | EXtract VOBS_NO and VOB_NO
according to reproduction order
i
e ' | ILV_BR extraction and
: #1814 V_MRATE setting
|
#1816 - ILVU_MT extraction
| .
' GOPST;N=15, M=3
#1818 GOP_FXflag+—"1"
i
#1820 VOB data setting routine

— (= )



In step #331210 is recorded to the programchain information
VISPCGClI, it is known that the cell to be reproduced next in

reverse sequence is valid, and the procedure noves to step 5

#331211. If said cell reproduction information CPBI #j is not

recorded to the programchain information VISPGCl, it is known
that the cell to be reproduced next in reverse seqguence I S not
valid, i.e., reve rraduction is conpleted, and the process
t erm nat es. ]Fiq ?6 At st st cell VOBU start
addr ess VOBUSA at VOBU J?fronwsﬁéFﬂéll r§production

I nformati on C PBI of progra 1T on VIS PGCl #i is
read and assi gned to address Adsi dnd the procedure ves to
st ep #33128518225| Based on VOB, VSXE@and MOBWWENBps pbf the
above process, the decodselgvs_}&TEM\ andt VOENDTRB00 repf oduces one
program chai n. - The—above T process arso—enabl es
speci al - node repr ' ur al

program chai ns #1828 fre Basedh dﬂZGVGB A‘S'E,WAI STHM. 30 20
An exanpl e of VOBU reproduction in each cell during ci al - node
reproduction from plural _program chains connr|S|n conmon
scenes and scenes uni speci fic . pr odyct t hp according
to the present inven#gﬁaté % °nd¥Q$-L%EBI[§e?98\AKwH\ﬂST erpnce to
Fig. 53 and Fig. 54.
- Based on difference of
\/ #1828 V_STTM, set A_STGAP
|
#1830 | Based on V_ENDTM, set A_ENDGAP
' 1
#1832 Based on V_BR, set V_RATE
—_—
#1834 Based on A BR, set A RATE
1
Based on VOB_V_KIND, set Pull-down
#1836_ detection mode
|
#1838 | Based on VOB_A_KIND, set A_ ENCMD
N
#1840 Set V_ENDST and V_INST
1
#1842 Set preceding VOB_NO as preceding
B._VOB_NO when VOB_Fsb=1 )
]|
- Set following VOB_NO as following
#1844 F_VOB_NO

( Enp )




166 - PCT/ JP96/ 02798 In these figures

the left group represents VOB #5 corresponding to the conmmon cell,
i.e., cell reproduction i nformati on CPBI #5, of program chains
VTSPCGCI #1 and VTSPGCI #2 shown in Fig. 30 and Fig. 31. 5

The top group represents VOB #6 corresponding to C PBlI #6 of program
chai n VTSPGClI #1. The bottom group represents VOB #7
corresponding to C PBlI #6 of program chain VTSPGCI #2.

The right group represents VOB #8 corresponding to 10 CPBlI #7 common to
program chai ns VISPGCI #1 and VTSPGCI #2. _ Path Ain Fig.
53 represents the reproduction path of CPBI #5 - CPBI #7 in program
chain VISPGCI #1, and path B represents the reproduction path of

CPBI #5 - CPBI" #7 in program chain VISPGCI #2. Note that one cel
corresponds to 15 one VOB in this exanple. :

Fig.37 ‘

" C .STAR.T )

#1850 Extract VOBS_NO and VOB_NO
according to reproduction order
"
#1852 | Based on ILV_BR, set V_MRATE
| I
#1854 | ~ ILVU_MT extraction
Set GOPST (N=15, M=3)
#1856 GOP._FXflag=1
I
#1858 Set GOPST as closed GOP
\/’:
#1860 VOB data setting routine

( enp )




The DSI frames of each bl ock indicate the navigation pack NV

containing the DSI packet information, and thus contains the VOBU
search information. This packet is referred to as the DSI packet in
t he description below 20 The video packets are labelled Vin
the figures, and each VOBU conprises plural video packets. In Fig.
53 and Fig. 54 one VOBU contains two video packets.

The audi o packets are labelled Ain the figures. The audi o data of a
reproduction time corresponding to one VOBU :

-167 - PCT/ JP96/ 02798 - is divided into plural
audi o packets for recording. In Fig.. 53, Fig. 54, and Fig. 55
one audi o packet corresponds to one VOBU

The sub-picture data packets are |abelled SP. 5. Fig. 53
shows the operation in which alternating VOBU data units are

reproduced during fast forward

Fig.38

( “START )

Extract VOBS_NO and VOB_NO
according to reproduction order

|
#1872 | Based on ILV_BR, set V_MRATE

I
#1874 Extraction of ILV_DIV

|
#1876 VOB data setting routine

- ()

#1870




reproducti on. : The address of the next DSI packet is
obtai ned from the VOBU search information in the first DSI
packet CPBI #5, .10 i.e., the VOB #5 comobn to two program
chains. After reproducing a particular amount of data fromthe
first VOBU, the VOBU contai ning the next DSI packet (third DS
packet in C PBI #5) is reproduced. When t he
address of the next DSI packet is read from 15 t he VOBU sear ch
informati on of this DSI packet, the val ue 3FFFFFFFh i s obt ai ned.
As a result, if VISPGCI #1 of path A IS being reproduced, the
address of the first DSI packet in C PBI #6 (VOB #6) of VTS PGC
#1 is obtained fromthe program chain information, and the first
DSI packet in C PBlI #6 (VOB 20 #6) is read after reproducing a
particul ar nunber of video packets fromthe VOBU containing the
third DSI packet in C_PBI #5. It is thus
possible to follow a particul ar program chai n during speci al
reproducti on nodes.

Fig.39

(0 STAﬁT- )

#1880 Extract VOBS_NO and VOB_NO
according to reproduction order

#1882 Setting of V_MRATE
|

#1884 VOB data setting routine

( END )




-168 - PCT/ JP96/ 02798 How t he vi deo

packets are reproduced, i.e., whether only the |I-franes or
P-frames froma GOP are reproduced, and from whi ch VOBU
‘reproduction begi ns when reproducing the first . vi deo data from
an accessed cell, will vary according to the 5 speed of the special

repr oducti on

node reproduc?§§$g7_¢1CJ at nor mal

Fig. 54 is an exanpl e of reverse

e g fromthe end of C _PBI
#7 cont ai ni ng t he VOB #&g@ pJ ogr am chai ns.
The VOBU search information of theTléas 10 in CPBl #7
(VOB #8) is first read, the addres.:§ packet
t herebefore is obtained, a particula M, packets is
reproduced fromthe VOBU containi n§ t heSEaMTIRIPGCI to packet, and the
precedi ng DSl packet is read. The fddress VTSI MAT t he] DSI packet
before that DSI packet is simlarl y—obtaihed; = and—the VOBU i s
r epr oduced. This is conti gued unti| he VOB carch
i nformation - of the preceding DSI pagket is read fromthe first
DSl packet VOBU search @31 8ati onbq _C PBI #7. In this case,
t he address val ue 3FFFFFFFh_i-a ~hus, if path Cis
bei ng 20 r epr oduged—the—adactss oVOBdperi Bat i O>pack NV
cont ai ni ng NO .
YES
o #2316
\—/ »
% VOB_Fi=1?
#2314 NO
. YES
Single scene #2318
sub-routine NO
YES #2320
_ Parental lock
#2322 . sub-routine
VOB_FsV=11?
NO
YES
w #2324
Multi-angle sub-routine Multi-angle sub-routine
under non-seamless under seamless
switching control switching control
#2328 |
Recording of C_PBI
#2330 A
I vOB NO

ets are processed
?




the | ast DSI packet in C PBI #6 is obtained from program chain

i nformation VIS PGCl #1. More specifically, this address is t he
| ast cell VOBU start address CLVOBUSA in cell reproduction
information C PBI. As a result, a particular
-169 - PCT/ JP96/ 02798 ' nunber of video packets is
repr oduced fromthe VOBU contai ni ng the | ast DSI packet in C PBlI #6.
It is thus possi?Fa to |l ow a particul ar program "~ chain in reverse
during special r IM?on nodes. The 5 operation of special
reproducti on nodes Trom plural program chai ns cont ai ni ng common
scene information is described above. : _ When cells are
i nterl eaved for seam ess reproduction | s, the interleaved
bl ocks are VOBU units, and the (VCBU é%gﬁgﬁ inforhatioh VOBUSRI can
still be recorded to the 10 navi gatton pack NV of each VOBU. The
rel ative address _
#2340 CBM « 01,10 or 11
|
#2342 . CBT + 01
|
#2344 SPF « 1
#2346 - STCDF «1
|
#2348 IAF « 1
' [
50 Divide VOBU into interleave units greater than
#23 ILVU_MT for a VOBU
|
#2352| Arrange interleave unit in angle cell sequence
_ |
#2354 Recording of VOBU_EA
:-_\-/.'
{
#2356| Recording of C_FVOB_SA and C_LVOBU_SA
0358 Recoding of NSML_AGL_C1_DSTA~
# - NSML_AGL_C9_DSTA
; | '
#2360 wiite 7FFFFFFFh to NSML_AGL_Cn_DSTA

( EnD )




information witten to the VOBU search i nformati on can thus be used

to enabl e speci al -node reproduction in both forward and reverse
directions of cells shared by plural program chai ns using the sane
met hod as for cells arrayed to a 15 cont.iguous bl ock. The difference is
that a greater distance I's noved between cells conpared with
contiguously arrayed cel | s. The met hod of producing
t he data struct urg=of Li present invention is described next. This
data structure i 2}@3|cally gengLa ol owi ng the
encoder flow chart shown in Fi¢. . The differences in
t he encodi ng oper ati on are hand-ee—by—a t—0di fi cation of the
processes shown in Fig. A4lp—Hg—42—Fg—43—are—g—9s—
addition to recordlqugnﬁgnnd pack addreﬁﬁﬂVCﬁyEAOt {fe VOBU
-170 - PCT/ PP96/ 02798 naV|gat|on pack NV, {the
VOBU search information shown.in FiI Q. 1
#2372 CBT « 01
1
#2374 SPF «1
1
#2376 STCDF + 1
U _
: |
#2378 IAF « 1

Divide VOBU into ILVU units greater than
#2880 " ILVU_MT for a VOBU

-
#2382 Arrange mterle:\e/:ulér:(t:se in angle cell
_ |
#2384 Recording of VOBU_EA
o |
~ #2386 Recording of C_FVOB_SA and C_LVOBU_SA
1
#2388 Recording of VOBU_EA

Recording of SML_AGL C1_DSTA~ .
#2390 SML_AGL Co DSTA

T —
Write FFFFFFFFh to SML_AGL_Cn_DSTA

C END )

#2392




32 is also recorded. The VOBU search information recording . process

I s descri bed bel ow by describing the differences in t hese fl ow
charts. 5 At step- #2356 of the nmulti-angle seam ess swtching
formatting flow chart in Fig. 41, the VOBU navigation pack NV

address corresponding to the VOBU search information VOBU_SRI shown
in Fig. 32 is recorded together wiwth the first cell VOBU start
address C_FVOBUS t | ast cell VOBU start address 10 C LVOBU_SA
based on the VTS iilfe S (VISTTVORS) Gaé?'ART tained in step
#2352 and the VOBU i nfornmation obtain I n step #2350. If the VOBU
search information VOBU_SRI points _ out silde the cell, the FWDI n and
BWDI n val ues record 3FFFFFFFa- Fre—rt-t+—angre—sgani ess
swi tching formattinglfdqpp| 15 chart in GBM A200s thus simlar t¢ the
mul ti-angl e seanl ess switching formatting flow chart in Fig.|41. At
step #2386, Fig. 42 t he VOBU navi gati on pack NV address
corresponding to b VOBU sear ch |nforrrat|on VOBUSRI shown i Fig.
32 is recorde#Z% her with the f|r§ Eéﬂ VOBU start addre$s 20
CFVOBUSA and the | ast cell Bl =Ts1 = SSA a6 witten
based on the VIS title VOBs— ORBS)—-d B t-ai-ned —-R—S+ep #2382
and the VOBU i nf or mads 21[‘? Dt ali ned in step %F I-f the VCBUJ\Dearch
i nf ormati on VOBUSRI po soutS|dethe cel the FWDI n and BY\DI n

val ues record 3FFFFFFFh. |

- #2408| IAF « 1
' |
#2410 Divide each VOB into ILVUs
- ] . ‘
Arrange ILVU and VOBU for each cell
#2412 in numeric order
I
#2414 | Recording of VOBU_EA
!
' Recording of
#2416 C_FVOBU_SA and C_LVOBU_SA
]
o #2318 Recording of ILVU_EA
~ |
#2420 Recording of NT_ILVU_SA
. ]
#2422 Recoding of ILVUflag="1"
' [
#2424 Recording of UnitEndflag="1"
|
#2426 Write FFFFFFFFh to NT_ILVU_SA

C "END )
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multi-scene formatting flow chart for parental | ock control in
Fig. 43 is also simlar. At step #2416, Fig. .43, the VOBU

navi gati on pack NV address corresponding to the VOBU sear ch :
I nformati on VOBU SRI shown in Fig. 32 is recorded 5 together with
the first cell VOBU start address C FVOBU SA and the last cell
VOBU start address CLVOBUSA based on the VTS title VOBS (VISTT
VOBS) data obtained in step #2412 and the VOBU i nf ormati on
obtained in step #2410. If the VOBU search I nformati on VOBUSRI
points outside the cell, the FWDIn and 10 BWDI n val ues record
3FFFFFFFh. F 44 . The single scene formatting flow chart in
Fig. 44 iq. simlar. At step #2438 the VOBU navi gati on pack
NV address corresponding to the VOBU search information VOBU_SRI

shown in Fig. 32 is recorded together with the first cell VOBU 15 start

address C_FVOBU_SA and the U start address
START o

#2430 CBM « 00
I
\:/, #2432 IAF <1
l
#2434 | Arrangement of VOBU
| \
Recording of
#2436 VOBU_EA
|
Recording of
#2438 C _FVOBU_SA and
C_LVOBU_SA
#2440 < VOB_Fsb=17 >NO
#2442 SPF <1 #2446 SPF « 0
T | |
#2444 STCDF « 1 #2448 STCDF <0

:

( END )




is:

#2434.

‘the cel |,
The dat a

of the present
A second enbodi nent

In the first enbodi nent above the

20
address enabling high speed special-nnqe

poi nts outside

the FWDIn and BWDI n val ues record 3FFFFFFFh.
structure according to the first enbodi nent

I nvention can thus be produced.

descri bed bel ow.

CLVOBUSA based on the VOBU i nformation obtained in step

If the VOBU search infornmati on VOBU SR

ski p-desti nation

ress
]
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di fferences are described bel ow The | ogi cal structure of

the optical disk in this second enbodi nent differs fromthat of the
first enmbodi nent in recording the VOBU search information VOBUSR
declared in 10 the DSI packet address information of the navigation

pack NV. - In the second enbodi nent the VOBU search information

VOBU_SRI of the navigation pack NV does not record an address

poi nti ng to any cell other than that to which the navigation pack NV
bel ongs; this is thersane in the first enbodi ment. What 15° differs

Is that the VOBU se ﬁazsnatlon VOBUSRI of the navi gati on packs -~
NV of the VOBU betmeen he tmn end VCBU I n the cell record the

addr esses of 4k : '

next VOBU to| be repro i speci al - mode reproduction is

out si de t he porwlers of T CAl1 — FOT
exanpl e, whe @\D%P N MWM€1—DSTA—E§

IR V=¥ 22
to reverse r p&ﬁ%f&' N.ANARL INSMbAGL_C2 _DSTAerag) t he address of the
i gat i & N1ANA53 (NSML A‘GBLCB“IIH'FACPé s recorded.

rel at ed to'fét;':fa,r -
' o 2 S NANA 5 jNSML AGL CS DSTA _req)
S :; N.ANN.A. 6 (NSML AGL C6 DSTA reg)
*2 :§ £ [N.AIN.A. 7 (NSML_AGL_C7 DSTA reg)

, N.A.N.A. 8 (NSML_AGL_C8 DSTA reg)
~ N.A.N.A.9 (NSML AGL C9 DSTA reg)
Register Name

S.AS.A. 1 (SML_AGL_C1_DSTA reg)
S.AS.A.2 (SML_AGL_C2 DSTA req)
S.AS.A.3 (SML_AGL_C3_DSTA_req)
S.AS.A. 4 (SML_AGL_C4 DSTA reg)
1S.AS.A.5 (SML_AGL_C5 DSTA reg)
S.AS.A.6 (SML_AGL_C6_DSTA reg)
S.AS.A. 7 (SML_AGL_C7 DSTA reg)
S.A.S.A.8 (SML_AGL _C8 DSTA reg)
S.AS.A.9 (SML_AGL_C9 DSTA_reg)

VOBU infoRegister Name
Register (VOBU final address (VOBU_EA reg)

Information registers
for seamless
multi-angle control

Register Name Value
Interleave unit flag ILVU: VOBU is in ILVU
(ILVU flag reg) |N_ILVU: VOBU is not in ILVU
Unit end flag R END: At the end of ILVU
(UNIT END flag reg) |N _END: Not at the end of ILVU

Final pack address of ILVU (ILVU EA reg)

Starting address of next ILVU (NT ILVU SA reg)
ILV.F.P.S.T. (VOB V SPTM reg)

F.V.F.P.T.T. (VOB V _EPTM req)

Audio reproduction stopping time 1 (VOB A GAP PTM1_req)
Audio_reproduction stopping time 2 (VOB_ A GAP_PTM2_reg)
Audio reproduction stopping period 1 (VOB A GAP_LEN1 reg)
Audio reproduction stopping period 2 (VOB A GAP LEN2 reg)

Registers for seamless
reproduction




-173 - : PCT/ JP96/ 02798 reproducti on exceed the

cell borders, the address of the navi gation pack NV in the | ast
VOBU in the cell is recorded. In the navigation pack
"NV of the first VOBU in the cell, the BW Prev, BW60, BWD20,
BWD19, BWD2, and BWD1 fi el ds 5 related to reverse reproduction
record an address val ue of 0. In the navigation pack NV of the
last VOBU in the cell, the FWD NT, FWD60, FWD20, FWD19, FWD2,
and FWD1 rel ated to fast forward reproduction |ikew se record an
address val ue of O. As a result, addresses pointing to

different cells. f:. (?#é?are not recorded to the VOBU search infornmation
VOBUSRI in / navi gati on pack NV of any VOBU in the cell. As a

result, It Is not necessar hahge—t-he-\VOB data form ng the
cells when cells are used b'Tbrogrwn1cha|n and data
generation is sinple. 15 re—ef on appar at us of the
second enbodi ment is the sane as tft—of—tte—fT1S1 enbodinent,
and further description t her eg 9 omtted b¢l ow

A flow chart of the decoﬂ'jlﬁbﬁééte

#310204 Extraction of VFS

Extraction of VTS
#310206 from VMG

Extraction of
#310208 _ VTISM_C__ADT

310210|  Extract VTSM_VOBS
# and display Title and Menu

Any °
Title is select

#310212

Extract VTS_PGCI#i for
#310214 Selected Title No.

#310216|| Reproduction extracted
PGC

= )




shown in Fig. 56. Note that this process is substantially 20
identical to that shown in Fig. 52. Only the differences are

descri bed bel ow. . Wiere it is determned at step
#331204 in Fig. 52 " whether the address is 3FFFFFFFh, it is
det er m ned whet her the address is 0 in Fig. 56. Al other
processes are the sane. 25 Thus, the nmethod of determ ning whet her
the cell border is -174 -
PCT/ JP96/ 02798 exceeded checks whether the address Adsi of
t he next skip destination extracted fromthe VOBU search

information is I:i ‘% FFFFFFFh in the first enbodi ment, but - determ nes
whet her the 57- ess Adsi is 0 in the second enbodinent. In
addition, the 5 navi gati on pack NV of the last VOBU in the cell is
al ways read during fast forward reproduction, and the navigation
pack NV of the first VOBU is always read in reverse reproduction.
The reproduction process of the program chain

#310216

#31030

Set decoding
system table

.\\/ '

_ |

#31032 #31034 I
Data transfer to Decode data in
stream buffer stream buffer

#31035

T L L L L I TR P LT R P Y Y LRI L L ]



information VISPGCI #i does not differ because of this 10

di fference. However, because the data that is actually output

differs, the program chain reproduction nethod during speci al

reproduction nodes is described below Fig. 53 corresponds to t he
program chai n reproduction nethod during speci al r eproducti on
nodes in the first enbodi nent, and Fig. 55 15 corresponds to the
program chai n reproduction nethod of the second enbodi nment .

In Fig. 55 as in Fig. 53, the left group represents VOB #5
corresponding to the conmon cell, i.e., cell r epr oducti on
i nformati on CPBI #5, of program chai ns VTSPGC 20 #1 and VTSPGCl #2
shown in Fig. 30 and_ ki g. . The top group represents
VOB #6 correspondin ggv_ C _PBI #6 of program chain VISPGCI #1.
The bottom group represents VOB #7 corresponding to C PBI #6 of
program chai n VISPGCl #2. : -175 -
PCT/ JP96/ 02798 | _
#31034
"Bt il e ]
+ #31110 ;
]
! Data transfer from :
' stream buffer to :
: : system decoder :
'\\/,' N 1
L #3112 .
1 ]
' System decoding '
]
: :
v ¥$31114 -
i 1
1
: Decoders :
' synchronization '
1
: :
i« #31116 '
' ]
' Decoding of :
' elementary stream .
)
1 ]



The right group represents VOB #8 corresponding to C_PBI #7 common
to program chai ns VISPGCI #1 and VTSPGCl #2. Path A in
Fig. 55 represents the reproduction path of CPBI #5 - CPBI #7 in
program chain VISPGCI #1, and path 5 B represents the reproduction path
of C_PBI #5 - CPBI #7 in program chain VISPGCI #2. Note that one
cell corresponds to - one VOB in this exanple. . What
differs in Fig. 55 and Fig. 53 is that the navi gati on pack NV of the
end VOBUs in each cell are always 10 read and reproduced during
reproduction on both paths A and B. How t he vi deo
packets are reproduced, and from which VOBU r eproducti on begi ns when
reproduci ng the first video data froman accessed cell, wll vary
according to the speed of the 15 speci al reproduction node. This is the
same as in the first enbodi nent above. The sane is true during
reverse reproduction in the second enbodinent: even if the reverse
reproduction speed changes, the navigation pack NV of the first VOBU
in the cel | !.'.' Iﬁ& extracted and reproduced during reproduction.
20 ' Th ZSZ; on of special reproduction nodes from

pl ural program chai ns contai ning comon scene information is '

descri bed above.

#31114
e e (it 1
s ' #31120 .
- . SPF_reg==SML ? !
! NO :
]
r #31124 ' #31122 :
1
: Synchronization process Synchronization process '
; for non-seamless for seamless '
' - connection connection :
: ;
1 1




Al so in the second enbodi ment as in the first enbodi nent, when
cells are interleaved for seanless

-176 - PCT/ JP96/ 02798 reproducti on between
cells, the interleaved bl ocks are VOBU units, and the VOBU
search information VOBUSRI can still be recorded to the

navi gati on pack NV of each VOBU. The rel ative addr ess
information witten to the VOBU search information can 5 t hus be
used to enabl e speci al -node reproduction in both _ forward and
reverse directions of cells shared by plural : pr ogram chai ns
using the sanme nethod as for cells arrayed to a contiguous

bl ock. The difference is that a greater distance is noved

bet ween cells conpared with contiguously arrayed 10 cells.

The net hod of producing the data structure of the pr esent
invention is described next. This data structure is basically

generated by sinply follow ng the encoder flow chart

TRF

TRB

~===== V|V|V|V|VIV|VV|V|V|V|VIVIV|VVIVIV]VIVIVVIV|V|V|V| ======

Fig.51



shown in Fig. 34 to Fig. 44. The differences in the encoding 15
operation are handled by a slight nodification of the
processes shown in Fig. 41, Fig. 42, Fig. 43, and Fig. 44. In
addition to recording the end pack address VOBUEA to the VOBU

navi gati on pack NV, the VOBU search information shown in Fig. 32
I's also recorded.. The VOBU search information recording 20 process

i s described bel Qu,by cribing the differences in t hese fl ow
charts. : ?E? _ég?? At step #2356 of the nulti-angle seanl ess

swi t chi ng -formatting flow chart in Fig. 41, the VOBU navigation
pack NV addr ess correspondi ng search information
VOBU_SRI 25 shown in Fig. 32 Cg [ e her with the first
cell VvOBU ' -177 -

PCT/ JP96/ 02798 start| and the |ast cel

VOBU start address ?széstf_hadng;@rbentt hel VTS title VOBS (VTSTT
VOBS) dat a oMxﬂ#ﬁ@ f [ ep A2QBU &BRIt he VOBU i nformati on
obtained in |

' Obtaining Adsi of
next VOBU_SRI

#331203 according to

| reproduction mode

. . #331204

#331207 | #331210

=it1 =i—1

- #331211

Preceding cell
_ is available?

Following cell
is available?

)

#331209 #331212
Adsi—C_FVOBU_SA - Adsi+C_LVOBU_SA

#331205 F; , :

" Reading data

designated by Adsi

to store in stream
buffer




step #2350.
the cell,
and end VOBU record the cel
and BWDI n val ues of the cel

fl ow chart

I f the VOBU search information VOBUSR
the FWDIn and BWDI n val ues of VOBU bet ween
end VOBU addr esses,
end VOBU record 0.

mul ti-angle seam ess switching formatting fl ow

is thus simlar to the multi-angle seam ess

in Fig. 41. At step #2386,
navi gati on pack NV address corresponding to

poi nts 5 out si de
the start
and the FWDI n
_ The
chart in Fig. 42
10 switching formatting
Fig. 42, the VOBU

t he VOBU search

i nformati on VOBUSRI shown in Fig. 32 is recorded together with
the first cell VOBU start address C FVOBUSA and the last cell
VOBU start address CLVOBUSA are 15 wr n€2d on the VIS title VOBS
(VTSTTVOBS) data obtai ned ins 238 and the VOBU i nformation
obtained in step #2380. If the b&Ych i nformati on VOBUSR
poi nts outside the cell, the F artl<BWDI n val ues of VOBU

bet ween the start and - end VOBUH e cell end VOBU
addresses, and the FWDI n and 20 B gy of the cell end VOBU
record O. The-mul ti - BEEGE—= pRratting fl ow chart for
par ent al | ock control in Fig. 3 €5 _a Q§ simlar. At step #2416,
Fi g. 43, the VOBU navi gation p§ﬁ§§g¥:address corresponding to
t he VOBU search information VQ shown in Fig. 32 is

recor ded 25 together with the firstE@—VOBU start address

C_FVOBUSA and

.\\//

S
P

S|VIVIA|

D

(VOB#6)

Fig.53

VTS PGCI#i C_PBI#6
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start address CLVOBUSA based on the VTS
data obtained in step #2412 and the
step #2410. If the VOBU search
outside the cell, the FWDI n and

the | ast cefl VOBU
title VOBS (VTSTTVOBS)

VOBU i nformati on obtained in

i nformati on VOBUSR

poi nts

BWDI n val ues of VOBU bet ween t he

start and end VOBU record the cell end VOBU addresses, and the
FWDI n and BWDI n- val ues of the cell end VOBU record O.
The single scene formatting flow chart in Fig. 44 is also
simlar. ‘At step #2438 the VOBU navi gati on pack NV 10 addr ess
corresponding to the VOBU search informatjgn VOBUSRI shown in
Fig. 32 is recorded together with the firpgL |l EEBU start
address C FVOBUSA and the last cell VOBU ldh ess C_LVOBUSA
based on the VOBU i nformati on obtained in — o #2434. |If the
VOBU search informati on VOBU SRl poi nt 0 P the cell, the FWDIn
and BWDI n val ues of VOBU between the tart——sr——-gg and end VOBU record
the cell end VOBU addresses, and the I‘g;:g::: m
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and BWDI n val ues of the cell end VOBU rec
data structure according to the second

i nvention can thus be produced. 20

I nvention thus descri bed,
provi de a parental
first program

| ock contro
chai n VTSPGC

pl ural

ord O.

: The
enbodi nent of the present
By nmeans of the present

program chai ns can be adapted to
f eat ure whereby,
#1 is an adult-oriented program

for exanple, the

chain, the ot her program chain VIS PGCI #2 is a child-oriented
program - ' -179 -
PCT/ JP96/ 02798 chain, and forward and reverse specia
repr oducti on nodes can be achie bot h program chai ns.
In a program chain conprising a multi-ang p 0 peri od, each
angle is one cell in the digital video di b 00 system and
speci al -node reproduction is therefore po gg Wi t hin each
angle. Furthernore, noving froma common < one of the
mul ti-angle cells during special-node rep 'DQ;
> m
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can be achieved by noving to a default cel
corresponding to a user-defined angl e nunber.
the nulti-angle cells to a common cel
t he sane contro

met hod used for parental

Movi ng

VWhile the data search information interl eaved to the

streamis descri bed above as being interleaved in GOP
' e%e interleave unit for the

data conpr essi

It
i nf or mation pack Ig],
Furthernore, whil e “he

on

reference to a DVD read-only disk r
medi a can be used to the sane effec

menus are pri

i ns_of
menu nanipulaaion shal | not be
control devicg. .Mnipul ation

conmands i s al
i nventi on has
MPEG st andar

not belimted to the GOP
i nventi on has been descri bed

zfordlggﬁﬁ$ﬁTUﬁf)

can al so be achi eved
| ock control

eLskiting user sel ections,

or to the cel

from one 10 of
usi ng
system
units, the
15 data search
unit.
wth

rewitabl e
Furt hernore, the
and

#1202

so possi bl e.

T ted—tot
Reading @ureanpl
'VOBU_SRFur t h

he keypad of a renote
e, a nopuse or voice
ernore, while the

__AMJJL—fE¥i¢£ULﬂr reference to the

Obtaining Adsi of
" next VOBU_SRI
according .to

been descri bed 25
, future

#1203

#1

reproduction mode

220

Following cell
is available?

Adsi—C_FVOBU_SA

Preceding cell
is available?

Adsi—C_LVOBU_SA

e

#1205 E

Reading data
designated by Adsi
to store in stream

buffer

T



-18Q - PCT/ JP96/ 02798 - ext ensi on of 'the standard

or introduction of new standards shal|l al so be covered by the
present invention insofar as pl ural data unlts are interl eaved and
reproduced according to a tinme-base. 5 Furt her nore,
the invention has been described with particular reference to
i nterl eaving one conpressed video data unit, but the invention
shall not be so limted. FurthernDre t he speci a
reproduction node |nfornat|on has .been descri bed as being witten
to the data 10 search information and interleaved to the system stream
but it is only necessary to record the special reproduction node
information as information attached to _LﬂpLQdﬁged vi deo data and
audio data, and it is specifically Hot |nedessaty interleave this
information to the system stream T dxa le,8 19 if all specia
reproduction node information for the delllisg recorded at the cel
start, or to the sane predefined hpicatigng t he information can be
accessed when required with no dhange ig.Q e effects described
above. Li kew se, it i [ ant 3t t he program chain 20
information be read separately fro >t he :gafa actual ly
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reproduced, and the |location to which the program chain I nformation

I's recorded shall not be limted to that described above.
Furt hernore, the above enbodi ments assune that the 25 data at the cel
start is the packet containing the data
- 181 - PCT/ JP96/ 02798 search information, but the
data search information need not necessarily be recorded to the cel
start. Insofar as the rel ated video data, audio data, and
sub-pi cture data can be identified, the data search information
video data, audio 5 data, and sub-picture data can be recorded in any
defi ned sequence. Furt hernore, nethods other than
descri bed above cafpes dssze used for intra-cell reproduction and
i nter-cell FE i on during special reproduction nodes. Wat is
10 important to the invention is that program chain information
VTSTT_VOBS
Block 1 VOB 1
Block2 == VOB 2 Contiguous block region
s
Block3 = VOB 3 |
———
- VOB 4
Block 4 «f--- ' Interleaved block
> VOB 5 l

Block 5 VOB6 | Contigluous block region

= :
VOB 7 T
-
Block6 [~ VOB 8 Interleaved block
U VOB 9 |
] A : _
Block 7 VOB 10 Contlgixous block region




be used for inter-cell reproduction, and address information

recorded to the special reproduction node information, specifically
address val ues 3FFFFFFFh, 0, or other "outside cel " val ue, be used
to detect the cell ends. 15 Even when cell's are shared by
pl ural program chains, speci al "reproduction nodes such as fast
forward and reverse pl ay can al so be achi eved al ong any sel ected
pr ogram chai n. I ndustrial Applicability As is
apparent froma nmethod and an apparatus 20 according to the present
invention. for interleaving a bitstreamto record the interleaved
bitstreamto a recording medi um and reproduce the récorded bitstream
therefromis suitable for the application of an authoring system
whi ch can generate a new title by editing a title constructed by
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bitstreans carrying various information in accordance with the user's
request, and is also suitable for a Digital Video Disk System or DVD
Syst em bei ng devel oped recently.

- 183 - CLAIME: 1. An optical disc conprising: a data region
for storing a plurality of system streans; and a managenent
information region for storing programchain information entries each of
whi ch defines a sequence of system streans, wherein each of the

system streans contains video object units each including a navigation
pack and a video segnent, the navigation pack being placed at a beginning
of a correspondi ng video object unit and carrying next and previous
position data respectively indicative of positions of next and previous

vi deo object -units in a corresponding systemstream and wherein
each of the programchain information entries carries first and | ast
position data respectively indicative of positions of first and | ast video
object units in each systemstreamin a correspondi ng sequence. 2. An

optical disc according to claim1, m@ere'n at | east one of the system
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streaps is ijncl 1 IW_. T sequences def i ned by a program chain

i nf ormation }* %S}EME}\WL nloptical . ﬁm m,ummalml wherein a
sane systemptyeamis ingclyddd for a p i n one sequence
defined by ohe| pdd BA&i i nformation entry 4% " An optical disc
according tojclaimdl. whereiln ja nunber of system streans ar gyupsttfe! sibets

mul ti-scene pystem streans, egch nulti -ﬁﬁﬁne system st r easd el yinber1 §6
into interl e erl eaved its of one nultr-scene system

st ream bei ng Lﬂfl\‘iﬁ] eaved with interl'eaved units of another multi-scene
system stream - 184- 5. An
optical disc according to claiml, wherein the next position data is a
speci al code mhen the next video object unit is not in the corresponding
system stream An optical disc according to claim1, wherein the
previ ous p05|1t|on Ampptical disg cOmPESAg: code when the previ ous video obj ect
unit is not in the corresponding system stream 7. A reproduction
appar at us for repradateiregiont for storingcapluchlityc ob$ystdna streains; aind  r epr oduct i on
apparatus conpri sing: a reading unit for reading the system streans

and the program chaidinagenient fifohARticaNtegiods for AeRing proppirh Cohhaind inFermatio
a controller for receiving the programchain information entries and for,

based  on_ Onefeq!dich BF G AGHAR B sbqteld B dyBRnP RS control ling the

readi ng unit

an)

wherein each of the system streams contains video object units each including
a navigation pack and a video segment, the navigation pack being placed at a
beginning of a corresponding video object unit and carrying next and previous
' . position data respectively indicative of position; of next and previous video object
units in a corresponding system stream, and
wherein each of the program chain information entries carries first and last
position data respectively indicative of positions of first and last video object units
in each system stream m a corresponding sequence. |
ik 2. An optical disc according to claim 1, wherein at least one of the system
streams is included in plural seQuences each defined by a program chain information
entry.
3. An optical disc according to claim 1, wherein a same system stream is
included for a plurality of times in one sequence defined by one program chain
information entry.
4, An optical disc according to claim 1, wherein a number of system streams are
selected as multi-scene system streams, each multi-scene system stream being divided
into interleaved units, and interleaved units of one multi-scene system stream being

interleaved with interleaved units of another multi-scene system stream.



conti guously reag—a—seguense—of—system streans defined by the
program chain i REPMEMEI\H‘nSHEE§ . wherein during a ﬂ@%ﬂwimwm"lm
reproduction thelcfntr o] s t haHie8AErD HABI BEEN P T ea *
object unit refefe m@gmg os| t}on data igrmappyi 9atipn pack of a :
currently reprodficed Vi lecf pnit ' :ieosgl .ﬂﬁ]t Lgﬂ'eteti S
In the sanme sysfe 2] curre?#éy r epr oduced Yib?‘i&o?’ elfeﬁ' Jﬁ%)?%
and controls the} reading unit to yead “first video o i ded
in a next system3CT JINappmer S | | e
currently repr odu%}é’dg%egﬂgtﬁé%% é(rjlt?lts?lﬁm?g’f é’?’gﬁ?@% ﬁ%%ﬂé%?}sfﬁg r%(t)a?s?tafon
data in the program chain i nfor lon.entries,, when the, next video object
Gni ¢ 15 not FRPohGOds e gl nett SPieci Rt fgt I the CorresRARging SO TR
backwar d reproduction the controller controls the reading wunit to read a
previ ous vi déo objAsceptical dis¢ according iteglaitnd, prhetain the previons pesitien datars t he
navi gation pack of the currently reproduced video object unit, when the
previ ous a special code when the previous video object unit is not in the eorté&ponding sydtem obj ect
unit is in the sane systemstreamas the currently reproduced video object
unit; and cogisphs the reading unit to read the |ast video object unit

i ncluded 1in a previous systemstreamwhich is followed by the system
stream i ncl udi ng tyh . I ' kegt 4: 40| ferenci ng
the 1 ast posit i on nuPsSdeiR sodark SR 06 HEbakind e ROKEA GTbf el £B0T 1D

revi ous video object unit. is not,.in the
P repro&)\{c%on apparatus comprising:

a reading unit for reading the system streams and the program chain
information entries from the optical disc; and

a controller for receiving the program chain information entries and for, based
on one of the program chain information entries, controlling the reading unit to
contiguously read a sequence of system streams defined by the one of the program
chain information entries,

wherein during a forward reproduction the controller controls ﬂle reading unit
to read a next video object unit referencing next position data in a navigation pack
of a currently reproduced video object unit, when the next video object unit is in the
same system sfream as the currently reproduced video object unit; and controls the
reading unit to read the first video object unit included in a next system stream
which follows a system stream including the currently reproduced video object unit,
referencing the first position data in the program chain information entries, when the
next video object unit is not in the same system stream, and

wherein during a background reproduction the controller controls the reading
unit to read a previous video object unit referencing the previous position data in the

navigation pack of the currently reproduced video object unit, when the previous
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previous position data in the navigation pack of the currently reproduced
vi deo obj ect iniaiprevieus systemsgirpaimawhichds: followed by the system stream including the

currently reproduced video object unit, referencing the last position data in the
program chain information entries, when the previous video object unit is not in the
same system stream.
8. A reproduction apparatus according to claim 7, wherein the next position data
is a special code when the next video object unit is not in the corresponding system
stream, and

wherein the controller detects that the next video unit is not in the same
system stream as the currently reproduced video object unit when the next position
data in the navigation pack of the currently reproduced video object unit is the
special code.
9. A reproduction apparatus according to claim 7, wherein the previous position
data is a special code when the previous video object unit is not in the corresponding’
system stream, and

wherein the cohtfoiler detects that the previous video unit is not in the same
system stream as the 'curi'ently -reproduced video object unit when the previous
position data in the navigation i)aqk of the currently reproduced video object unit is

the special code.
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5. An optical disc according to claim 1, wherein the next position data is a
special code when the next video object unit is not in the corresponding system stream.
6. An optical disc according to claim 1, wherein the previous position data is
i a special code when the previous video object unit is not in the corresponding system

stream.
7. A reproduction apparatus for reproducing the optical disc of claim 1, the
reproduétion apparatus comprising:

a reading unit for reading the system streams and the program chain
information entries from the optical disc; and

a controller for receiving the program chain information entries and for, based
on one of the program chain information entries, controlling the reading unit to
contiguously read a sequence of system streams defined by the one of the program
chain information entries,

| wherein during a forward reproduction the controller controls the reading unit

to read a next video object unit feferénCing ﬁeXt poSition data in a navigation pack
of a currently reproduced video dbj ect unit, when the next video object unit is in the
séme system stream as the curreﬁﬂy reprodﬁced'w'/idé'o object unit; and controls the
reading unit to read the first video object unit included in a next system stream
which follows a system stream including the currently reproduced video object unit,
referencing the first position data in the program .chain information entries, when the
next video object unit is not in the same system stream, and

wherein during a backward reproducﬁon fhe controller controls the reading
unit to read a previous video object unit refergncing the previous position data in the

navigation pack of the currently reproduced video object unit, when the previous



