; e3e486HTGM25 April 2003 ,. DESCRI PTI ON A METHOD AND AN APPARATUS ' OR
SYSTEM ENCODI NG Or Bl TSTREAM TO CONNECT SEAMLESSLY THEREOF Tegg@§$@bogield
5 The present invention relates to a nethod and apparatus for system
encodi ng bitstreans to connect seam essly thereof and, nore particularly,
bitstreans for use in an authoring systemfor variously processing a data
bitstream conprising 10 the video data, audio data, and Sub-g(ﬂLﬂe dat a

constituting each of plural programtitles containing relate EMMWHMWHMNWE
h

audi o data, and subpicture data contdnt to generate a bitstr
a newtitle containing the content desired by 15 the user can bex*ssise*
reproduced, and efficiently recording and reproduci ng said generated

bitstream using a particular recordi ng medi um Background ArqmmmummmﬂMEmm
systens used to produce program 20 titles conprising rel ated
audi o data, and sub-picture data by digitally processing, for exaggpds
mul timedi a data conprising video, aekeRIpTZWNApril 2003 and sub-picture
data recorded to laser disk or video CD formats are currently avail abl e.
Systens using Video-CDs in particular are able to record video data to a CD
format di sk

A METHCD AND AN APPARATUS FOR SYSTEM ENCODING Or BITSTREAMS

TO CONNECT SEAMLESSLY THEREOF

Technical Field

5 The present invention relates tc a method
and apparatus for system encoding bitstreams to
connect seamlessly thereof and, more particularly,
bitstreams for use in an authoring system for
variously processing a data bitstream comprising

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

15 the user can be reproduced, and efficiently
racording and reproducing said generated bitstream

using a particular recording medium.

Background Art
Authoring systems used to produce program
20 titles comprising related video data, audio data,
and sub-picture data by digitally processing, for

example, multimedia data comprising video, audio,



5 which was originally designed with an approxi mately 600 MB recording
capacity for storing digital audio data only, by using such hhgh&fbhsgd ency
vi deo conpression techniques as MPEG As a result of the increasgh
effective recording capacity achieved 10 using data conpression techniques,
karaoke titles and other conventional |aser disk applications are gradually
being transferred to the video CD format. Users today expect both
sophisticated title content and high reproduction quality. To 15 neet these
expectations, each title nust be conpased frombitstreans with an
increasingly deep hierarchical structure. The data size of nultinedia
titles witten with bitstreans havir_g such deep hierarchical structures,
however, is ten 20 or nore tinmes greater than the data size of |ess conplex
titles. The need to edit small inage (title) details also nmakes it
necessary to process and control the bitstream using | ow order hierarchical

data unilsind Sub0Lic2dd dath IS LhASba e Jesasary ddsdeva op and
| an

prove a bitstream structure an advanced digital processing nethod

i ncl udi ng <ppgBR g eégrcﬁcslﬁmart%rs%o%ﬂ@hgagat&batﬂmbw.reby a |large

volune, 5 nultiple level hierarchical digital bitstreamcan be efficiently
controlled at each |syglt@hst hashhegr artlro -Atbe ngeded at ¢ carl appaagus for
executing this digital processing nethod, and a recording nedia to which

t he bit st raairedigdbt adgotd prodesseatiaby sabdaapgpar d&iersmedn des&fficiently
recorded for storage and from which_said recorded information can be

qui 8kl y r eprbalt cda s\veems gdMma héve 3¢ g Imeds twk ble aRpadRyosimately
conventional optical disks have been,mﬁdg%% 15 researched to aagres the
recor di ng R8I {HR a5 F&KRT A I SAPHLEX €\&%OF&W$Ca%%%t? 3HGrldge

capacity of the optical, disk is to reduce the spot diameter D.of the
opti cal (@%Erﬁ) BRI |fPYtFrle’gjmﬁge@ﬁaﬂh%&ggh@fg%&l%%&%i%‘—é%d t he
aperture 20 of |.ecLiv ' , t heyspot di {er i
proporti or?g?mp&tél]gﬁ%&gn%et%i%éa%eggap%%ﬁt&y' caﬁégeéegﬁaéﬁéﬁt I%E/)Ei 1;‘phreoved
by decreasi j | gk DA deBLhib ; eya ; el nited 25
St ates Pa?eﬂntaxéﬁg%%,ffﬁymveyé%%én% caus dQﬁayp%?ﬁtgg i‘iﬁlﬁ%e‘g&%’

10 using data compression techniques, karaocke titles

and other conventional laser disk applications are

gradually being transferred to the video CD format.

Users today expect both sophisticated

title content and high reproduction quality. To

135 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, 1is ten

20 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 using low order

hierarchical data units.



relative tilt between the disk surface and the optical axis of the |aser
beam (hereafter ~~tilt~~) increases when a large aperture (hbghgioodsens
is used. To prevent tilt-induced coma, the 5 transparent substrate nust be
made very thin. The problemis that the nechanical strength of the disk is
| ow when the transparent substrate is very thin. MPEGL, the conventiona

nmet hod of recording and reproduci ng video, audio, and graphic 10 signal
data, has al so been replaced by the nore robust MPE& net hod, which can
transfer large data volumes at a higher rate. It should be noted that the
conpressi on nethod and data format of the MPEQ standard differ somewhat
fromthose of MPEGL. The i S specific content of and differences between
MPEGL and MPE&XR2 are described in detail in the IS0 11172 and | SO 13818 MPEG
standards, and further description thereof is omtted bel ow. Note, however,
that while the structure of 20 the encoded video streamis defined in the

MPER2 ifi i on, i hi gal f d
the ot hod of _pr ocebst g TouERSHt1 F ni LaF SIURATY drs REY SUFEhCR e

d i bed - 11 f I [ 4 o s

aut hor i ng SYSTER (5 DI RpEAT 5003 0T BEe A A e aa iE b AR b & ng

o Loene™ SECEUBYLE PR Ynoiadey ek eecoRsrEE
data recorgesfbroduction capabilities whereby a large volume,

5 multiple level hierarchical digital bitstream can
be efficiently controlled at each level of the
hierarchy. Also needed are an apparatus for
executing this digital processing method, and a
recording media to which the bitstream digitally

10 processed by said apparatus can be efficiently
recorded for storage and from which said recorded
information can be gquickly reproduced.

Means of increasing the storage capacity
of conventional optical disks have been widely

15 researched to address the recording medium aspect
of this problem. One way to increase the storage
capacity of the optrical disk is to reduce the spot
diameter D of the optical (laser) beam. If the
wavelength of the laser beam is 1 and the aperture

20 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

(9]
h

tates Patent 5,235,581, however, coma caused by a



5 thereto cannot be repeatedly used to reduce data redundancy because there
is no large capacity recording nediumcurrently avail abl e thaqugﬁn2003
efficiently record and reproduce high volunme bitstreans such as descri bed
above. 10 Mre specifically, particular significant hardware and software
requi renents nmust be satisfied in order to process a bitstreamusing a data
unit smaller than the title. These specific hardware requirenents include
significantly 15 increasing the storage capacity of the recordi ng nmedi um
and increasing the speed of digital_processing; software requirenments

i ncl ude inventing an advanced digital processing nethod including a

sophi sticated data structure. 20 Therefore, the object of the present
inventior_is to provide an effective authoring systemfor controlling a
mul ti medi a data bitstreamw th advanced hardware and software requirenents
using a data unit smaller than the title to better 25~ address advanced

[ : il | titl
and t hor ol SEH LY Enity! 6L RS E%5R TEae G ERR SAE T S it - E6bhe control
whereby scepesdaia comnon o phurgl, LLt! as.apd (he desrred seenes. of the
same 5 time=base ?ron1mntﬁin nu%ti-scene peri ods cont ar ni Ng p?ura cenes

uni que to pREbLAbaL repeaduct 1 gRpat Bpsapube f(B8lOh sehgct Bnand; s
reproduced i s desirable. However, "when plural scenes unique to a 10

repr oduct hogepat h ot b Retlas truttiil-tscenipeedodtame ,artheged or. the sane
ti me-base, the scene data nust be contiguous. Unsel ected nufti-scene data
i s ther ef areamspatreat ysiisrr rat hahwsdn bhe meedlec vl yornimbnsceriBheat a
and the selected nufti-scene 15 data._ The problemthis creates when

repr oduci myr abfltemsdenetdatta ket machembdadt ivaresidhieiiptbe bjisit s
unsel ected scene data. Wien one of the nmultiple scenes i s connected. to
commpn scen® &A%, WHgsl dibeerehgasparent substrate 1s very thin.

MPEG1l, the conventional method of
recording and reproducing video, audio, and graphic
10 signal data, has also been replaced by the more
robust MPEG2 method, which can transfer large data
volumes at a higher rate. It should be noted that
the compression method and data format of the MPEG2
standard differ somewhat from those of MPEGl. The
15 specific content of and differences between MPEGL
and MPEG2 are described in detail in the IS0-11172
and IS0-13818 MPEG standards, and further
description thereof is omitted below.
Note, however, that while the structure of
20 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.

As described above, it is therefore not

[ ]
¥/

possible in a conventional authoring system to



20 between the video reproduction tinme and the audi o reproduction tine
differs on each of the reproduction. paths because of the offzghphetossen
the audi o and video frame reproduction tines. As a result, the audio or

vi deo buffer underflows at the ZS scene connection, causing video
reproduction to 25 April 2003 _7_ stop ("freeze") or audio reproduction
to stop ("mute"), and thus preventing seanl ess reproduction. It wll also
be obvious that the difference between the audi o and video reproduction 5
times can cause a buffer underflow sgate even when conmon scene data is
connected 1:1. Therefore, the object of the present invention is to provide
a data structure whereby nmulti-scene data can be naturally reproduced as a
10 single title without the video presentation stopping ("freezing")

at one-to-one, one-to-nany, or nmany-to-nmany scene connections in the system
stream a nethod for generating a system stream having said data structure;

2 reoor ol g GRRAISL U 1300 o EgprodueLonBAl s d o yepEd g and
can be ey 880 a0d; Hepn which said, systam gt g eat hgskepr oduced by said

recordi ng "apparatus and reproducti on apparatus. e present application

I's based Japanese Lat enfo ARBRILAL | @Ry N9, 1 254 ¢3S ang r8N4d ek nyhi ch
wer e filegﬂﬁﬁuSeptenber 29, 1995 and February 28, 1996, rggpectivelyghthe

entire coniethddfwahichated kexpless! yhiengorpereat eddyi2bar ef ecencdbeder ei n.

2 ?ﬂll %ﬁgr;io cannot be repeatedly uséd 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.

10 More specifically, particular significant
hardware 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

15 increasing the storage capacity of the recording
medium and increasing the speed of digital
processing; software requirements include inventing
an advanced digital processing method including a
sophisticated data structure.

20 Therefore, the object of the present
invention is to provide an effective authoring
system for controlling a multimedia data bitstream

with advanced hardware and software requirements

using a data unit smaller than the title to better

(39
W

address advanced user resguirements.



Di scl osure of Invention The present invention has been devel oped with a
view to substantially solving the above described di sadvant ages apnfadtsss for
its essential 5 object to provide an optical disk for recording nore than
one system stream contai ni ng audi o data and vi deo data, wherein the audio
data and video data of the plural systemstreans recorded to the optica
disk are interleaved such that the 10 difference between the input start
times of the video data and audio data to the video buffer in the video
decoder and the audio buffer in the gqudio decoder is |less than the
reproduction tinme of the nunber of audio frames that can be stored in the
15 audi o buffer plus one audio franme. Brief Description of Drawngs Fig. 1
is a graph schematically showing a structure of nmufti nmedia bit stream
according to the present invention 20 Fig. 2 is a bl ock diagram show ng an
aut horing encoder according to the present invention, 25 April 2003 _g_

Fig. 3 i_s a bl _ock di%r@méfgwdgtgn@ﬁag@rpgpg@q@fr tqp@pé@ NP t he

present invention, Fig. 4 is a side view of an optical disk S storing the

nul ti nedighdielsyre&fiotibnd1¥ HULi%d sopr e ar dgeids i @pshevi g, a
multi-scene control whereby scene data common to
plural titles and the desired scenes on the same

5 time-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 unigque to a

10 reproduction 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 unavoidably inserted between the selected
common scene data and the selected multi-scene

15 data. The problem this creates when reproducing
multi-scene data is that reproduction is
interrupted by this unselected scene data.

When one of the multiple scenes 1is

connected to common scene data, the difference

20 between the video reproduction time and the audio
reproduction time differs on each of the
reproduction paths because of the offset between
the audio and video frame reproduction times. As a

result, the audio or video buffer underflows at the

rJd
wn

scene connection, causing video reproduction to



portion confined by a circle of Fig. a, Fig. 6 is an enl arged vieM/shomﬁng
a portion confined by a circle of Fig. 5, 10 Fig. 7 is a side W%%ﬂﬁyﬁ ng
a variation of the optical disk of Fig. 4, Fig. 8 is a side ve

anot her variation of the optical disk of Fig. 4, Fig. 9 is a plan Vi ew
showi ng one exanple 15 of track path fornmed on the recording surface of the
optical disk of Fig. 4, Fig. 10 is a plan view show ng anot her exanpl e of
track path formed on the recording surface of the optical disk of Fig. 4,
20 Fig. 11 is a diagonal view schematically show ng one exanple of a track
path pattern forned on the optical di’sk of Fig. 7, Fig. 12 is a plan. view
showi ng anot her exanple of track path forned on the recording 25 surface of

the optical disk of Fig. 7, 25 April 2003 ~ 0 Fig. 13 is a diagonal
vi ew schematical |y showi ng one exanple oz a track path pattern fornmed on
the optical disk of Fig. 8, Fig. 1*-_is a plan view show ng another 5

exanpl e or track path forned on the recordlng surface o the optical disk of
Fig. 8, Figtor {4fxdesr'chapt shediiny gepaidduet 9w derodspp
synchronlzatlon process of Fig. 56, Fig. |6 is a h schematically

showi ng 10(tRel&er Sot B it st |%§V§rbtf—%n§t r%%ﬁig‘f‘cgsﬁse in Digital Video
D sk system acc % . 1o the pr |nven%|on . 17 .i.s_a

schemat | caf PP EHORCTG PRe enfto “\‘/I ééo'%t @arﬁg?{& Lﬂ?n&?‘%tt rg’a%resent 15
of a vi desibEke %?nrssegab% avpééeﬁ”ﬁi%@t R Lo B 959?&\3#%3‘%“26
e s A P
Fig. 17, Féemn?énléceezgéarahta a§léb@ﬂf@ce%d 1:1.

Therefore, the object of the present
invention is to provide a data structure whereby
multi-scene data can be naturally reproduced as a

10 single title without the video presentation
stopping ("freezing") at:one-to-one, one-to-many,
or many-to-many scene connections in the system
stream; a method for generating a system stream
having said data structure; a recording apparatus

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

20 The present application is based upon
Japanese Patent Application No. 7-252735 and 8-
041581, which were filed on September 29, 1995 and
February 28, 1996, respectively, the entire

contents of which are expressly incorporated by

9
U

reference herein.



expl ai ning a concept of parental |ock playback ZS control ac
present invention, 25 April 2003 -11 Fig. 22 is a graph sc
showi ng the data structure used in a digital video disk syst
the present invention, Fig. 23 is a graph in assistance of 5
concept o= Miulti-angle scene control according to the presen
Fig. 24 is a graph in assistance of explaining a concept of

cording to the

iﬁ?guiﬁ%$ngto

expl aining a
t invention,
mul ti scene

data connection, 10 Fig. 25 is a bl ock diagram showi ng a DVD encoder

according to the present invention, Fig. 26 is a block diagr

am showi ng a

DVD decoder according to the present gi-nvention, Fig. 27 is a graph

schematically showi ng 15 an encoding information table gener
encodi ng systemcontroller of Fig. 25, Fig. 28 is a graph sc
showi r_g an encoding information tables, Fig. 29 is a graph
showi ng 24 an encodi ng paraneters used by the video encoder
Fig. 30 is a graph schematically show ng an exanple of the c

program chai ad nbaiived | F aGePEBididoH0 the present invention,
2003 -1? Fig. 31 is a graph schematically show ng anot her ex

ated by the
hematically
schematical ly
of Fig. 25,
ontents of the
25 Apri |
anple of the

contents of the progr&a chaezdmt oimmtenn aonotd sgbeen hdereiened

i nventi on,

with a view to substantially solving the above

described disadvantages and has for its es

h

more than one system stream containing aud
and video data, wherein the audio data and
data of the plural system streams recorded
optical disk are interleaved such that the
10 difference between the input start times o

video data and audio data to the wvideo buf

sential

object to provide an optical disk for recording

io data
video

to the

f the

fer in

the video decoder and the audio buffer in the audio

decoder is less than the reproduction time
number of audio frames that can be stored

15 audio buffer plus one audio frame.

Brief Description of Drawings

of the

in the

Fig. 1 is a graph schematically showing a

structure of multi media bit stream according to

the present invention,
20 Fig. 2 is a block diagram showing
authoring encoder according to the present

invention,

an



5 Fig. 32 is a flow chart show ng the encode paraneters generating
operation for a system stream containing a single scene, Fig. 33 is . a_graph
i n assistance of explaining a concept of nmufti-angle scene cofr Pl 2083
according to the present in invention, Fig. 34 is a flow chart, forned by
Fi gs. 34A and 34B, show ng an operation of the DVD encoder of Fig. 25, Fig.
35 is a flow chart show ng detailed 15 of the encode paraneter production
sub-routine of Fig. 34, Fig. 36 is a flow chart showing the detailed of the
VOB data setting routine of Fig. 35, 20 Fig. 37 is a flow chart show ng the
encode paraneters generating operati®n for a seam ess switching, Fig. 38 is
a flow chart show ng the encode paraneters generating operation for a
system 25 stream 25 April 2003 -13 Fig. 39 is a graph show ng sinmul at ed
results of data input/output to the video buffer and audio buffer of the
DVD decoder of Fig. 26, Fig. 40 is a graph in assistance of 5 explaining a
concept of parental control according to the present invention, Fig. 41 is

a graph in assist ancgj_?‘, expliaj r&ng;ljtd\@kqaiaa' @M/th.uingo a_trlpe vi deo
buffer of the DVD decoder DCD shown in Fig. 26 10 during contiguous
reproduct iamatHogindp dscadgrphdanaddiirst atce theexyrasrirty a possi bl e
probl em under a parental |ock control exanple shown in Fig. 40, Fig. 43 is
a graph i ntayvsistamee of 15 explaining a reproducti on gap generated under
parental Iod<coMro%ig‘ 4 is a side view of an optical disk
5 storing the multi media bit stream of Fig. 1,
Fig. 5 is an enlarged view showing a
portion confined by a circle of Fig. 4,
Fig. 6 is an enlarged view showing a
portion confined by a circle of Fig. 5,
10 Fig. 7 is a side view showing a variation
of the optical disk of Fig. 4,
Fig. 8 is a side view showing another
variation of the optical disk of Fig. 4,
Fig. 9 is a plan view showing one example
15 of track path formed on the recording surface of
the optical disk of Fig. 4,
Fig. 10 is a plan view showing another
example of track path formed on the recording
surface of the optical disk of Fig. 4,
20 Fig. 11 is a diagonal view schematically
showing one example of a track path pattern formed
on the optical disk of Fig. 7,

Fig. 12 is a plan view showing another

example of track path formed on the recording

[}
[V}

surface of the optical disk of Fig. 7,



Fig. 44 is a graph showing a system streans produced according to the

present invention, 20 Fig. 45 is a graph in assistance of exgiqa' ni.
Y 499

operation whereby these system streans are connected, Fig. 4

assi stance of explaining a nethod of generating a system streans,

2

April 2003 -1~ Fig. 47 is a graph in assistance of expl aining another
nmet hod of producing a systemstream Fig. 48 is a graph show ng a structure
of 5 the end of the second commbn system stream and the begi nni ngs of the
two parental |ock control systemstreans, Fig. 49 is a graph in assistance
of explaing the difference in the wbHke reproduction 10 tinme and audio
reproduction tine of different reproduction paths, Fig. 50 is a bl ock
di agram showi ng an internal structure of the system encoder in the DVD
encoder of Fig. 25, 15 Fig. 51 is a graph showing a structure of the end of
the two parental |ock control system streans and the begi nning of the

foll ow ng comobn system stream Sse,

Fig. 13 is a diagonal view schematically

gghin
5

showing one example of a track path pattern formed

on the optical disk of Fig. 8,

Fig. 14 is a plan view showing another

surface of the optical disk of Fig. 8,

5 example of track path formed on the recording

Fig. 15 is a flow chart showing details of

the decoder synchronization process of Fig.

Fig. 16 is a graph schematically showing

10 the structure of multimedia bit stream for use in

Digital Video Disk system according to the present

invention,

Fig. 17 is a graph schematically showing

the encoded video stream according to the present

15 invention,

Fig. 18 is a graph schematically showing
an internal structure of a video zone of Fig.

Fig. 19 is a graph schematically showing

the stream management information according to the

20 present invention,

Fig. 20 is a graph schematically showing

the structure the navigation pack NV of Fig.

Fig. 21 is a graph in assistance of

explaining a concept of parental lock playback

3
h

control according to the present invention,



Fig. S2 is a graph in assistance of 20 explaining the difference in the

vi deo reproduction tinme and audi o reproduction time of diffegﬁﬂé .
reproduction paths, Fig. 53 is a flow chart showi ng details nggﬂ?
stream producing routine of Fig.' 34, 25 April 2003 -15 Fig. 54 is a
graph in assistance of explaining an operation to cal culate an audi o data
novenment MFApl, Fig. 55 is a graph in assistance of 3 explaining an
operation to cal culate an audi o data novenent MFAp2 , Fig. 56 is a bl ock

di agram showi ng an internal structure of the synchronizer of rFig. 26, Fig.
57 is a flow chart show ng an 10 operjti on executed by the audi o decoder
controller of Fig. 26, Figs. 58 and 59 are graphs show ng decodi ng

i nformation tabl e produced by the decodi ng systemcontroller of Fig. 26, 15
Fig. 60 is a flow chart showi ng the operation of the DVD decoder DCD of
Fig. 25, Fig. 61 is a flow chart show ng details of reproduction extracted
PGC routing of Fig. 60, Fig. 62 is a flow chat show ng details of 20 the

stream buffer data tpg@sj epopriogess @_@g@@ig@héﬁé@fcngngﬂdwg&@ on,
the data structure used in a digital video disk
system according to the present invention,

Fig. 23 1is a graph in assistance of

5 explaining a concept of Multi-angle scene control
according to the present invention,

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

10 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. 27 is a graph schematically showing

15 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

20 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. 63 is a flow chart showi ng details of the non nufti-angle decoding
process of Fig. 62, Fig. 64 is a flow chart showi ng details 8%§%§ ZBE
non-nufti-angled interl eave process of Fig. 63, 25 April 2 H Ig. 65
is a flow chart showi ng details of the non-nmufti-angled contiguous bl ock
process, Fig. 66 is a flow chart show ng details of decoding data process
of Fig. 64, perforned by the 5 stream buffer, is shown, Fig. 67 is a graph
schematically showi ng an actual arrangenent of data bl ocks recorded to a
data recording track on a recording nedium according to the present
invention, 10 Fig. 68 is a graph schemtically show ng contiguous bl ock
regions and interl eaved block regions array, Fig. 69 is a graph
schematically showing a content of a VIS title YOBS according to the 15
present invention, and Fig. 70 is a graph schematically show ng an internal
data structure of the interleaved bl ock regions according to the present
invention. Best Mdde for Carrying Qut the Invention 20 The prevent

invention is detaile deggrished, fer : c [
drawi ngs. Data st ruc? }L"e tﬁtegaau orlégL sy %&éeﬁgr}%o??l %%%QYLHE
another example of the contents of the program

chain information according to the present

invention,

W

Fig. 32 is a flow chart showing the encode
parameters generating operation for a system stream
containing a single scene, .

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

Fig. 34 is a flow chart, formed by Figs.
34A and 34B, showing an operation of -the DVD
encoder of Fig. 25,
Fig. 35 is a flow chart showing detailed
15 of the encode parametef production sub-routine of
Fig. 34,
Fig. 36 is a flow chart showing the
detailed of the VOB data setting routine of Fig.
35,
20 Fig. 37 is a flow chart showing the encode
parameters generating operation for a seamless
switching,
Fig. 38 is a flow chart showing the encode

parameters generating operation for a system

[39)
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stream,



The logic structure of the multinedia data bitstream processed using the
recordi ng apparatus, recordi ng nmedium reproduction apparatus nﬂ

aut horing system according to the present invention Sis desc%qéky 203 st
below with reference to Fig. 1. In this structure, one title refers to the
conbi nati on of video and audi o data expressing program content recognized
by a user for education, entertainnent, or other purpose. Referenced to a
10 notion picture (novie), one title nmay correspond to the content of an
entire novie, or to just one scene within said novie. Avideo title set
(VTS) conprises the bitstream data tb%taining the information for a 15
specific nunber of titles. Mdre specifically, each VIS conprises the video,
audi o, and ot her reproduction data representing the content of each title
in the set, and control data for controlling the content data. 20 The vi deo
zone VZ is the video data unit processed by the authoring system and
conprises a specific _nunber of video title sets. Mre specifically, each
video zone is a |inedl@eqdénceSoR Igraplyi gBewinge ssdtelamddred VIS no -
VTS #K 25 where ~ is an_integer valye of zero or greater. 25 April 2003
-18 One vi B84} EFe et danef 2REy/ PHEPRFsEQi BEG tYEFEQPUIERO, is

d the_vjd i bi t nt ent ,i nf J s f.the titl
Cont ai med FRCbAEHAAHABIEATE Bdt . CRoTA TR TRAPE BEErcam M s the
| argest control uni ttl:ﬁ];qt hg o’“’;'[é' oe ']taag@{ ag-_ﬁi Iésstgfg@at}@gl %df by the

en

aut horing system of prés i nv ron, and conprises plural video zones

VZ. 40 Aut aosd1ng; en rodgr cl%%éegi@fsEr %ﬁ&’?&fﬂﬂ‘?&brﬁrbi‘a SUERF G Do

encoder EC according To the present In tion for generating a new

nul ti nedi ac bl tisheeyrdBEnty tavetcotdong the original nultinmedia bitstream
MBS 15 according tO the scenario desired by the user is

Fig. 41 is a graph in assistance of
explaining the data input/output to the video
buffer of the DVD decoder DCD shown in Fig. 26

10 during contiguous reproduction,

Fig. 42 is a graph in assistance of
explaining a possible problem under a parental lock
control example shown in Fig. 40,

Fig. 43 is a graph in assistance of

15 explaining a reproduction gap generated under
parental lock control,

Fig. 44 is a graph showing a system
streams produced according to the present
invention,

20 Fig. 45 is a graph in assistance of
explaining an operation whereby these system
streams ara connected,

Fig. 46 1is a graph in assistance of

explaining a method of generating a system streams,



shown in Fig. 2. Note that the original nultinedia bitstream MBS conpri ses
a video stream St1 containing the video information, a sub-p%&t £ 0865 eam
St 3 containing caption text and ocher 20 auxiliary video inf I on,  and
the audio stream St5 containing the audio information. The video and audi o
streans are the bitstreans containing the video and audi o i nformation
obtained fromthe source within a 25 particular period of tinme. The
sub-picture stream 25 April 2003 -19 is a bitstream containing nonentary
video information relevant to a particular scene. The sub-picture data
encoded to a single scene may be capyured to video nmenory and di spl ayed
continuously S fromthe video nenory for plural scenes as may be necessary.
When this nultinedia source data Stl, St3, and St5 is obtained froma live
broadcast, the video and audio signals are supplied in real-tine 10 froma
vi deo canera or other imaging source; when the multinedia source data is
reproduced froma video tape or other recording nedium the audio and vi deo

signal's are not realpiiye £H9Ra Sy YbidLnthe Nkl Bdba SoUpgEe streamis
explaining anothar method of producing a system
stream,

Fig. 48 is a graph showing a structure of

5 the end of the second common system stream and the
beginnings of the two parental lock control system
streams,

Fig. 49 is a graph in assistance of
explaing the difference in the video reproduction

10 time and audio reproduction time of different
reproduction paths,

Fig. 50 is a block diagram showing an
internal structure of the system encoder in the DVD
encoder of Fig. 25,

15 Fig. 51 is a graph showing a structure of
the end of the two parental lock control system
streams and the beginning of the following common
system stream Sse,

Fig. 52 1is a graph in assistance of
20 explaining the difference in the video reproduction

time and audio reproduction time of different
reproduction paths,
Fig. 53 is a flow chart showing details of

system stream producing routine of Fig. 34,



1~ shown in Fig. 2 as conprising these three source signals, this is for
conveni ence only, and it should be noted that the nultinedia2§8ﬁ£f5bé§rean1
may contain nore than three types of source signals, and may talrn source
data for different 20 titles. Multimedi a source data with audi o, video, and
sub-picture data for plural titles are referred to below as nulti-title
streans. As shown in Fig. 2, the authoring encoder EC conprises a scenario
editor 100, encoding system 25 controller 200, video encoder 30G video
stream 25 April 2003 -20 buffer 400, sub-picture encoder 500, sub-picture
stream buffer &00, audi o encoder 7QQ5 -audi o stream buffer 800, system
encoder 900, video zone formatter 1300, recorder 1200, and recordi ng nmedi um
5 M The video zone formatter 1300 conprises video object (VOB) buffer

1000, formatter 1100, and volune and file structure formatter 1400. The

bi t stream encoded by the authoring 10 encoder EC of the present enbodi nent
is recorded by way of exanple only to an optical disk. - The.scenario

editor 100 of the m%@ ir§4emgx§r%?égﬂt@ﬁsag@3§3@ﬁ5é0d¥ua,i.e.,the
e

user-defined editing i structions. _ scenario IS data controls editing
the corregpepdiaith PaL w®f cidter Aulitdiredia dhtshiramdVBhaecoddbongise ot he

user's mani pul ati on 6f the video, sub-picture, and audi o conponents of the
original movemshs MRA@PL,This scenario editor 100 preferably conprises a
20 di spl ay, speaker(s), keyboard, CPU, and source stream buffer. The
scenario editor 100 Figcormected & ogaaeit dmmafsmil staesdia bift st ream source
fromwhich the nultinedia source data Stl, St3, and St5 are supplied.
5 explaining an operation to calculate an audio data
movement MFApZ,
Fig. 56 is a block diagraﬁ showing an
internal structure of the synchronizer of Fig. 26,
Fig. 57 is a flow chart showing an
10 operation executed by the audio decoder controller
of Fig. 26,
Figs. 58 and 59 are graphs showing
decoding information table produced by the decoding
system controller of Fig. 26,
15 Fig. 60 1is a flow chart showing the
operation of the DVD decoder DCD of Fig. 25,
Fig. 61 is a flow chart showing details of
reproduction extracted PGC routing of Fig. 60,
Fig. 62 is a flow chat showing details of
20 the stream buffer data transfer process according
to the present invention,
Fig. 63 1is a flow chart showing details of

the non multi-angle decoding process of Fig. 62,

Fig. 64 is a flow chart showing details of

89
wn

the non-multi-angled interleave process of Fig. 63,



25 April 2003 -21 The user is thus able to reproduce the video and audio
conponents of the nultinedia source data using the display aqgiéﬁggﬁﬁg to
confirmthe content of the generated title. The user is then f edit
the title content according to the desired scenario using the keyboard,
nmouse, and ot her conmand i nput devices while confirmng the content of the
title on the display and speakers. The result of this nmultinedia data
mani pul ation is 10 the scenario data St7. The scenario data St7 is
basically a set of instructions describing what source data is sel ected
fromall or a subset of the source dgia containing plural titles within a
defined tinme 15 period, and how the sel ected source data is reassenbled to
reproduce the scenario (sequence) intended by the user. used on the
instructions received through the keyboard or other control device, the CPU
codes the position, length, and the 20 rel ative tinme-based positions of the
edited parts of the respective multinedia source data streans Stl, St3, and

St5 to generate the ar a_ St _Th ur.c but f.er.has a

specific ZS capaci ty?&%'d %g ﬁsa%dat(;]d%wa%kf%‘;m%}fﬁég{% &etélﬁs of
the non-multi-angled contiguous block process,

Fig. 66 is a flow chart showing details of

decoding data process of Fig. 64, performed by the

stream buffer, is shown,

h

Fig. 67 is a graph schematically showing
an actual arrangement of data blocks recorded to a
data recording track on a recording medium
according to the present invention,

10 Fig. 68 is a graph schematically showing
contiguous block regions and interleaved block
reglions array,

Fig. 69 is a graph schematically showing a
content of a VTS title VOBS according to the

15 present invention, and

Fig. 70 is a graph schematically showing
an internal data structure of the interleaved block

regions according to the present invention.

Best Mode for Carrying Out the Invention

20 The prevent invention is detailedly
described with reference to the accompanying
drawings.

Data structure of the authoring svstem




25 April 2003 source data streans Stl, St3, and St5 a known tinme Td and
then output streans Stl, St3, and StS. This delay is require%svﬁﬁ" 03
synchroni zation with the editor encoding process. Mre 5 speC|f|caFPy, wh
data encodi ng and user generation of scenario data St7 are executed

simul taneously, i.e., when encoding imediately follows editing, tine Td is
required to determ ne the content of the nultinmedia source data editing 10
process based on the scenario data St7 as will be described further bel ow.

As a result, the - nultinmedia source_.data nust be delayed by tine Td to
synchroni ze the editing process during the actual encoding operation.
Because this delay tine IS Td is |imted to the tinme required to
synchroni ze the operation of the various system conponents in the case of
sequential editing as described above, the source streambuffer is normally
achi eved by neans of a high speed storage nmedi um such as 20 sem conduct or
menory. During batch Egjyin%,in which all nul%inQPia squrce data is encoded
at once ("batch encod8® )lAFit& SEEMGTBL&auR sﬁ%%&ﬁ%} L foC3he

B R o L St L
stream buffer Jmy. p% %égwuw’eedeﬁgagﬁﬁ?hé@g@&ged| such as

vi deo tape; —magnet or’ opfrca ructure ‘(typé) of nedia

used for ti‘ﬁti&@i‘ﬁgers;%éﬁé% b&&ﬁﬂ%ﬁgﬁ hepeko(e Be-dleberm fﬁ@e%‘fﬁ?rdﬂrﬂg

to the delay tinme T uired an owabl e manufacturing cost.
encgli ng syst el coptitAd ef 1300 | peClopReqiietht edherssanar ity ediipr 100 and

receives 10 the scenario data St7 therefrom Based on the tinme-base
position and | ength Infdahdsi etoicthered orseghaitleomsaf aed | Dot Hehe
scenario data S.t7, the encoding systemcontroller 200 generates the
encodi ng peemipsieatiiagmabs Stidest landashidip3 data expressing
program content reccgnized by a user for education,
entertainment, or other purpose. Referenced to a

10 motion picture (movie), one title may correspond to
the content of an entire movie, or to just one
scene within said movie.

A video title set (VTS) comprises the
bitstream data containing the information for a

15 specific number of titles. More specifically, each
VTS comprises the video, audio, and other
reproduction data representing the content of each
title in the set, and contrcol data for controlling
the content data.

20 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 sequence

of K + 1 video title sets numbered VTS #0 - VTS #K

[39)
W

where X is an integer value of zero or greater.



15 encoding the edit segnent of the nultimnmedia source data. The encodi ng
signals St9, Stll, and Stl 3 supply the paranmeters used for Wi&%ﬁﬂ 3
sub-picture, and audi o encodi ng, including the encoding start il A%
timng. Note that nultinmedia source data 20 Stl, St3, and St5 are out put
after delay tinme Td by the source stream buffer, and are therefore
synchroni zed to encodi ng paraneter signals St9, Stll, and Stl3. Mre
specifically, encoding paraneter ?3 signal St9 is the video encodi ng signal
speci fyi ng 25 April 2003 the encoding timng of video stream Stl to
extract the encodi ng segnent from thd vi deo stream St ar_d generate the

vi deo encodi ng unit. Encodi ng paraneter signal Stll is |Iikew se the
sub-picture 5 stream encodi ng signal used to generate the sub-picture
encodi ng unit by specifying the encoding timng for sub-picture stream St 3.
Encodi ng paraneter signal St13 is the audi o encoding signal used to
generate the audio encoding 10 unit by specifying the encoding timng for
audi o str mesnsidrasedlsn & heeti,mphaserabatyt obbl £ besweeviltdeo encodi ng
segnents of  streans Stl, St3, and St5 in the nultinedia source data

cont ai ned Ght1% seekarV6Sdat@s Si®, WHederBdidd sYHAER cHRTIBTRE 200

generates the timng sigpals St2l, St23,.and $t25 arranging tine encoded
mul ti medi &% L egﬂﬁrF?ﬂé%&Ec?ﬂﬂ&FW?ﬁ%%ﬁs@ézgéﬁc%éﬁi.SThe

i or bt SIORT SAERER ntt RE T pt GRS S T LRe ST Che 11 Ll o editing uni
(husdes ooy scly /o5 7o e nsanes o it 32 el b (e st
contai ni ng ¥+eeos takdRe rayld $HhtPigE Ukt dlahalt imedia data
bitstream handled by the authoring system of the
present invention, and comprises plural video zones
VzZ.
10 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
15 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
20 auxiliary video information, and the audio stream
St5 containing the audio information.
The video and audio streams are the

bitstreams containing the video and audio

information obtained from the source within a

(9]
(9]

particular period of time. The sub-picture stream



25 April 2003 -25 Note that the reoroductior_ tine information IT and
streamer _coding data St33 are generated for the video objecb VC? ?é:faCh
title in one video zone VZ. 5 The encodi ng system control |l er % %
generates the title seauence control signal St39, which declares the
formatting paraneters for formatting the title editing units VOB of each of
the streans in a particular tinme-base relationship 10 as a nultinedia
bitstream More specifically, the title sequence control signal St39 is
used to control the connections between the title editing units (VOB) of
each title in the nultinedia bitstrgam MBS, or to control the sequence of
the 15 interleaved title editing unit (VOBs) interleaving the title editing
units VOB of plural reproduction paths . The video encoder 300 is connected
to the source stream buffer of the scenario editor 100 and 20 to the
encodi ng systemcontroll er 200, and receives therefromthe video stream St
and vi deo enccdi ng paraneter signal St9, respectively. Encoding paraneters

l'i ed 4 di i I ' hg - di d
na i g BTG O B S i CEHe DA A SoRT T oRE Wr Rk ancoding | 25

end tim ng, oding r the éncodi ng 25

Apri | 200§€£@r§$ﬁioﬁ”%émévaﬁk@9_ the gabentad clper BRsshbl e matgli al

types incl NTSC or PPS video signal, and telecine converted material.

Based on bhg vpdea epeod HgapamapRid stenal Sidgldesdage mepeceder 300
encodes a specific part of the video stream Stl to generate the encoded

video streapSuk®d The wsidep chemerencadet dD8played laohyt muoecs g to
the source stream buffer of the
5 from the video memory for plural scenes as may be
necessary.

When this multimedia source data Stl, 8t3,
and St5 is obtained from a live broadcast, the
video and audio signals are supplied in real-time

10 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 signals are not real-time signals.

While the multimedia source stream is

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

20 titles. 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 200, video encoder 300, wvideo stream

t~
W



10 scenario editor 100 and to the encoding systemcontroller 200, and
recei ves therefromthe sub-picture stream St3 and sub-picturgsgﬂ%@gb&g
parameter signal Stll, respectively. Based on the sub-pictur I'hg
parameter signal Stll, the 15 sub-picture encoder SO0 encodes a specific
part of the sub-picture stream St3 to generate the encoded sub-picture
stream St17. The audi o encoder 700 is also conr_ected to the source stream
buffer of the scenario editor 100 20 and to the encodi ng system controller
200, and receives therefromthe audio stream St5 and audi o encodi ng
paranmeter signal St13, which suppli@® £he encoding start and end tim ng.
Based on the audi o encodi ng paraneter signal Stl3, the audi o encoder 25
April 2003 -27 700 encodes a specific part of the audio stream St5 to
generate the encoded audio stream Stl9. The video stream buffer 400 is
connected to the video encoder 300 and to the encoding system5 controller
200. The video stream buffer 400 stores the encoded video stream Stl S i nput

fromthe H@egeancoder, 39Qb-acoui-ult eridiedetoredogncodbd pH deessream
StlS as the tine-del ayed encdoded video stream St 27 based on the timng

si gnal St Zlt#4asupplifdefr anad heaentodi e sgdieam Tomt r oklidii 208 Adam
sub-picture streambuffer 600 is simlarly connected to the sub-picture
encoder Skoififiext 0800 edgsdiany eystadecord 0Ol | eride® Fhassub-picture
stream buffer 600 stores the encoded ,
formatter 1300, recorder 1200, and recording medium
5 M.

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

The bitstream encoded by the authoring

10 encoder EC of the present embodiment is recorded by
way of example only to an optical disk.

The scenario editor 100 of the authoring
encoder EC outputs the scenario data, i.e., the
user-defined editing instructions. The scenario

15 data controls editing the corresponding parts of
the multimedia bitstream MBS according to the
user’s manipulation of the wvideo, sub-picture, and
audio components of the original multimedia title.
This scenario editor 100 preferably comprises a

20 display, speaker(s), keyboard, CPU, and source
stream buffer. The scenario editor 100 1is
connected to an external multimedia bitstream

source from which the multimedia source data St1l,

St3, and St5 are supplied.



15 sub-picture stream Stl7 output fromthe sub-picture encoder 500, and
then outputs the stored encoded sub-picture stream Stl7 as t@ge

encoded sub-picture stream St29 based on the tim ng signal éasupp |ed
fromthe encoding systemcontroller 20 200. The audi o stream buffer 800 is
simlarly connected to the audi o encoder 700 and to the encoding system
controller 200. The audio stream buffer 800 stores the encoded audi o stream
St19 25 input fromthe audi o encoder 700, and then outputs 25 April 2003
-2% the encoded audio stream St19 as_the tune-del ayed encoded audi o stream
St 31 based on the timng signal St25~%upplled fromthe encodi ng system
controller 200. 5 The system encoder 900 is connected to the video stream
buffer 400 sub-picture stream buffer 6G0, audio stream buffer 800, and the
encodi ng systemcontroller 200, and is respectively supplied thereby with
the tinme-del ayed encoded video stream 10 St27, tinme-del ayed encoded
sub-picture stream St29, tine-del ayed encoded audio stream St3l, and the
stremnencomlu;dataﬁhasusmxelshﬁhmﬁea@%EeQOEG@ﬁOQUGGstae

mul tiplexes that nmultiplexes the tine-delayed streans_ St27, $St29, and St31
based on 1¥idrosarshnrusddi ﬁ@rr@@aes@% Ptfl ml'h@ ﬁt@%gn)n@@lger%@utrm.ue

editing unit (VOB) St35,,The_ stream enco a_St 33 cont ai, ns the system
encodi ng paRdrRet Eﬁslngngﬁﬁnﬂbst ¥nég %ﬁ% rf_cpeﬁ(?rf'g LB& The

encodi ng. S5 P ENEBEnT I REYS 236 R h o cﬁl%ﬁi S IR TR b ‘E*?% )5t 35
o1 1 gpmenes watsopioed. S5t dita ghgmldsace cespendiveh
desired scenario using the keyboard, mouse, 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
10 the scenario data St7.

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

15 period, and how the selected source data is
reassembled to reproduce the scenario (sequence)
intended by the user. Based on the instructions
received through the keyboard or other control
device, the CPU codes the position, length, and the

20 relative time-based positions of the edited parts
of the respective multimedia source data streams
Stl, St3, and StS5 to generate the scenario data
stc7.

The source stream buffer has a specific

)
(V]

capacity, and is used to delay the multimedia



25 April 2003 -29 5 formatting start and end timng, and the formatting
paraneters used to generate (format) a multinedia bitstrean1N§§ ﬁ@ﬁm i deo
zone formatter 1300 rearranges the title editing units (VOB) Agril ne
video zone VZ in the scenari o sequence defined by the user based on the
title sequence control signal St39 to generate the edited nultinedia stream
data St43. The nultinedia bitstream MBS St43 edited 10 15 20 according to

t he user-defined scenario is then sent to the recorder 1200. The recorder
1200 processes the edited nmultinedia_strumdata St43 to the data stream
St45 format of the recording medi umZ- and thus records the formatted data
stream St45 to the recording nedium M Note that the nultinmedia bitstream
MBS recorded to the recording medium M contains the volunme file structure
VFS, which includes the physical address of the data on the recording

medi um generated by the video zone formatter 1300. Note that the encoded
mul timedia bitstream MBS St 35 nay be output directly to tine decoder to

i mredi at elSPWEFEOILBE & HRLEGaed Stle & enBnd t SWS |2bKrsbvnodsimeat t he

out put nultj medi 25 ril 2003
P TA anéathen utput streams Stl, St3, and St5.

This delay is required for synchronization

with the editor encoding process. More

W

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
10 process based on the scenario data St7 as will be
described further below. As a result, the
multimedia source data must be delayed by time Td
to synchronize the editing process during the
actual encoding operation. Because this delay time
15 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
20 semiconductor memory.
During batch editing in which all
multimedia source data is encoded at once ("batch
encoded") after scenario data St7 is generated for

the complete title, delay time Td must be long

[ )
h

ennough to process the complete title or longer. In



- 30 bitstream MBS will r-of in this case contain. the volune file
structure VFS. Authoring decoder DC A preferred enbodi nent ofzédgrgr"azﬂhgori ng
5 decoder DC used to decode the nultinmedia bitstream MHS edite y ‘the

aut horing encoder EC of the present invention, and thereby reproduce the
content of each title unit according to the user-defined scenario, is
descri bed next below with 10 reference to Fig. 3. Note that in the
preferred enbodi nent descri bed bel ow the nultimedia bitstream St45 encoded
by the authoring encoder EC is recorded to the recording mediumM As shown
in Fig. 3, the authoring decoder 15 #C-conprises a nultimedia bitstream
producer 2000, scenario selector 2100, decoding systemcontroller 2300,
stream buffer 2400, system decoder 2500, video buffer 2600, sub-picture
buffer 2700, audi o buffer 2800, synchrenizer 2900, video decoder 3800, 20
sub- pi cture decoder 3100, audi o decoder 3200, synthesizer 3S00, video data
out put term nal 3600, and audi o data output term nal 3700. The bitstream
producer 20b4 soopsissesthe esoudiar stedizadr bt it Y4 Jer adrieivng t he
25 recording nmedium N ; a reading head 2006 for _reading 25 April 2003 -31
the inf or nBPE@ER, r SdFReFARATHEY S BPTHFGENER AW aFECH AT civigdere

bi nary read signal St57; .a signal processor 2Q008.for, variously processing
Che 1 bad STGRE, STSERSL benALRE 1 Hotr s ouGaen BiLeds 1 cam

The structure (type) of media used for the
5 source stream buffer may therefore be determined
according 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
10 the scenario data St7 therefrom. Based on the
time-base position and length information of the
edit segment contained in the scenario data St7,
the encoding system controller 200 generates the
encoding parameter signals St9, Stll, and St13 for
15 encoding the edit segment of the multimedia source
data. The encoding signals St9, St1ll, and St13
supply the parameters used for video, sub-picture,
and audio encoding, including the encoding start
and end timing. Note that multimedia source data
20 Stl, St3, and St5 are output after delay time Td by
the source stream buffer, and are therefore
synchronized to encoding parameter signals St9,
Stll, and St13.
More specifically, encoding parameter

23 signal St9 is the video encoding signal specifving



5 St6l; and a reproduction controller 2002. The reproduction controller
2002 is connected to the decoding systemcontroller 2300 fron}¥hicq§kge

mul ti medi a bitstream reproduction control signal Scb53 is supp éﬂw in
turn 10 generates the reproduction control signals St55 and St59
respectively controlling the recording nedia drive unit (notor) 2004 and
signal processor 2008. So that the user-defined video, sub-picture, and
audi o portions of the multinedia 1~ title edited by the authoring encoder
EC are reproduced, the authoring decoder DC conprises a scenario selector
2100 for selecting and reproduci ng .tdye. correspondi ng scenes (ti ties) . The
scenari o selector 2100 then outputs the selected 20 titles as scenario data
to the authoring decoder DC. The scenario selector 2100 preferably
conprises a keyboard, CPU, and nonitor. Using the keyboard, the user t:-yen
i nputs the desired scenario ZS based on the content of the scenario input
by the 25 April 2003 -32 authoring encoder EC. Based on the keyboard

i nput, th U rat ! Xo) ti 1 eci fyj he
sel ected g%ggarelgrgegfﬁeﬁéctgnqg?‘?g sg%c%ﬁ%ﬁogqﬁg%gﬁnﬁ?eﬁyg%bil‘%%rttar ed 5
comuni catd QRS LAeMbeen&0ls LXARRIE. £ +8d Nendeqodiag syst-emmontrol sarg 2300,
to which it inputs the Scenario selection data St5l. Based on the scenario

sel ection glaha bk, tihe decddbnersysiémeontial | er EX300 A1 generates 10
the bitstream reproduction control signal St53 controlling the operation of

t he bit st ramgmetecers20t@ ] TEE 1t r eamluif e 200 Haassalspeticfiwreuf f er
capacity used to tenporarily store the IS reproduced bitstream St61 input
from the %trEammrepeddiag 200gnakt neadt he FRNESHA TR &d@ti on and
initial synchronjzation data SCR (system.cl ock reference) for each stream
and gener ¥ 8OBIR SEFAETR cBMIIRLAG L1BLE3 DFhEP]F &Y b8t &119400 is al so 20

connected to the, decqdjng_systemcontroller 2300, to which it supplies the
Goner at od FAEQT LR dohPiod qEet &eg-picture scredd Bt

Encoding parameter signal Stl3 is the audio
encoding signal used to generate the audio encoding

10 unit by specifying the encoding timing for audio
stream St5.

Based on the time-base relationship
between the encoding segments of streams Stl, St3,
and St5 in the multimedia source data contained in

15 scenario data St7, the encoding system controller
200 generates the timing signals St21, St23, and
St25 arranging the encoded multimedia-encoded
stream in the specified time-base relationship.

The encoding system controller 200 also

20 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

[ ]
h

containing video, audio, and sub-picture data.



The synchroni zer 2900 is connected to the decodi ng system controller 2300
fromwhich it 25 receives the systemcl ock reference SCR congﬁgﬁﬂz §5
April 2003 - 33 in the synchronization- control data St81 to™s th
internal system clock STC and supply the reset systemclock St79 to the
decodi ng system controller 2300. 5 Based on this systemclock St79, the
decodi ng systemcontroller 2300 al so generates the streamread signal St65
at a specific interval and outputs the read signal St65 to the stream
buffer 2400. 10 Based on the supplied read signal St65, the stream buffer
2400 out puts the reproduced bitstreard St61 at a specific interval to the
system decoder 2500 as bitstream St67. Based on the scenario selection data
St51, 15 .the decoding systemcontroller 2300 generates the decodi ng signal
St69 defining the streamlds for the video, sub-picture, and audio
bitstreans corresponding to the selected scenario, and outputs to the
system decoder 2500. 20 Based on the instructions contained in the decoding

si gnal St 6Qctidec bt epheecasisro2h@Otienpeetime! Yndd pubs 168 viTeand

sub-picture, and audio bitstreans input fromthe stream buffer 2400 to the

vi deo buf f et X268, ssubedicigirdalid f8C3237/0Qre genesrated for the
video object VOB of each title in cne video zone
VZ.

5 The encoding system controllexr 200 also
generates 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 relationship

10 as a multimedia bitstream. More specifically, the

title sequence control signal St39 is used to
control the connections between the title editing
units (VOB) of each title in the multimedia
bitstream MBS, or to control the sequence of the

15 interleaved title editing unit (VOBs) interleaving

the title editing units VOB of plural reproduction
paths.

The video encoder 300 is connected to the
source stream buffer of the scenario editor 100 and

20 to the encoding system controller 200, and receives

therefrom the video stream Stl and video encocding
parameter signal St9, respectively. Encoding
parameters supplied by the video encoding signal

St9 include the encoding start and end timing, bit

|38
wn

rate, the encoding conditions for the encoding



25 and audi o buffer 2800 as the encoded video stream 25 April 2003 -3.~
St71, encoded sub-picture stream St73, and encoded audi o stre S Zg The
syst em decoder 2500 detects the presentation tine scanp PTS a EL: 99

time stanp 5 DTS of the smallest control unit in each bitstream St67 to
generate the tinme information signal St77. This tinme information signal
St77 is supplied to the synchroni zer 2900 t hrough the decodi ng system
controller 2300 as the synchroni zation control data xO0 St81 . Based on this
synchroni zation control data St8l, the synchronizer 2900 determ nes the
decodi ng start tim ng whereby each,;ﬁ fhe bitstreans will be arranged in
the correct sequence after decod-~na, 15 and then generates and inputs the
vi deo stream decoding start signal St89 to the video decoder 3800 based on
this decoding timng. The synchroni zer 2900 al so generates and supplies the
sub-picture decoding start signal St91 and audi o 20 stream decodi ng start
signal St93 to the sub- picture decoder 3100 and audi o decoder 32Q0,

(i ohal S a1 BIRBA%NE (RBOVi b Cod et B HoCa ng i 1 SRAT P80,  and

si gnal on t e Vi art signa
mﬂpUtStCha5§§§QT|t§Q@§ 1nclude NTSC or PAL video signal,
and telecine converted material. Based on the

video encoding parameter signal St$, the video

encoder 300 encodes a specific part of the video

W

stream Stl to generate the encoded video stream
St1s. '
The sub-victure encoder 500 is similarly
connected to the source stream buffer of the
10 scenario editor 100 and to the encoding system
controller 200, and receives therefrom the
sub-picture stream St3 and sub-picture encoding
parameter signal Stll, respectively. Based on the
sub-picture encoding parameter signal Stll, the
15 sub-plcture encoder 500 encodes a specific part of
the sub-picture stream St3 to generate the encoded
sub-picture stream Stl7.
The audio encoder 700 is also connected to
the source stream buifer of the scenario editor 100
20 and to the encoding system controller 200, and
receives therefrom the audio stream St5 and audio
encoding parameter signal Stl3, which supplies the
encoding start and end timing. Based on the audio

encoding parameter signal Stl3, the audio encoder



- JJ the video buffer 2500. In response to the video output request signal
St84, the video buffer 2600 outputs the video stream St 83 toé§p§?¥%ﬂ8€
decoder 3800. The video decoder 3800 thus detects the 5 pres r, i me
information contained in the video stream St83, and di sabl es the video

out put request signal St84 when the |length of the received video stream
St83 is equivalent to the specified presentation tine. A video stream equal
inlength 10 to the specified presentation tinme is thus decoded by the

vi deo decoder 3800, which outputs the - reproduced video sign al St104 to
t he synthesizer 3500. The sub-pictw27 decoder 3100 simlarly 15 generates
the sub-picture output regruest signal St86 based on the sub-picture
decoding start signal St9l, and outputs to the sub-picture buffer 2700. In
response to the sub-picture output request signal St86, the sub-picture
buffer 2700 outputs ?0 the sub-picture strewn St85 to the sub-picture
decoder 3100. Based on the presentation tinme information contained in the

sub- pi ct ur g%y reamcA8s, d hepeh-hi et gi&rde@ﬁiethéloﬁude;@dssmémnwilsOf
the sub-picture stream St85 corresponding to the 25 specified presentation
tinme to repoodpenexmicteumily eroded 12264% -sB8Geam Shel 3ynt hesi zer 3500
t he sub-picture signal St99. The synthesizer 3500 superinposes the video
signal St104 and subIpiet vislad gasiresiog hwifegentP4ét e angBURBRt e de

mul ti-picture video signal St105 to_the video dat outgé%agerninal 3600.
The audi o BEcddR F08ege R aPeeand 0SuppireL ?otiiRe & b eF Y SN he

A9 OULOUL ERUSSL s ) S4B bassd 0n Lhe sl o skeean 40 dogeding.
L0t 1, MUCERASERUBI R0 J0E Sk aposETs SEABAECRUR 2ekeSblo e
encoder 300, and outputs the stored encoded video
stream Stl5 as the time-delayed encoded wvideo
stream St27 based on the timing signal St21
10 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 controller 200. The
sub-picture stream buffer 600 stores the encoded

15 sub-picture stream Stl7 output from the sub-picture
encoder 500, and then outputs the stored encoded
sub-picture stream Stl7 as time-delayed encoded
sub-picture stream St29 based on the timing signal
St23 supplied from the encoding system controller

20 200.

The audio stream buffer 800 is similarly
connected to the audio encoder 700 and to th
encoding system controller 200. The audio stream
buffer 800 stores the encoded audio stream Stl9

input from the audio encoder 700, and then outputs

9
19 ]]



the specified presentation tinme based or_ the 15 presentation tine
information contained in the audio stream St87, and outputs bgqggﬁgegfd
audi o stream St 101 to the audi o data output term nal 3700. [t us
possi ble to reproduce a ?0 user-defined nultinedia bitstream MBS in

real -time according to a user-defined scenario. Mre specifically, each
tinme the user selects a different scenario, the authoring decoder DCis
able to reproduce the title content desired by the 25 user in the desired
sequence by reproducing the 25 April 2003 -37 nultinedia bitstream MBS
corresponding to the selected scenardgo. It is therefore possible by neans
oL the authoring systemof the present invention to 5 generate a nultinedia
bitstream according to plural user-defined scenarios by real-tinme or batch
encoding nmultimedi a source data in a manner whereby the substreans of the
smal l est editing units (scenes), which can be divided into plural 10
substreans, expressing the basic title content are arranged in a specific

ti me=base WebatirpRshicRy @il Eicvrdia id 551 eam thes edgedadstan éfen be
reproduced according to the one scenario selected from anong pl ural

possi bl e soepedcad. alidild st wbam ®SSiblieasedchangescendmbsgwhil e

pl ayback is in progress, i.e., to select a different scenario and

dynani cal lsigerdr aBe 26 newpmil 1 edediachi tsheeamaeddrdy ngytst ¢fne nost
recently selected scenario. It is also possible to dynamcally 20 sel ect
and reprodiRBtazHL bEpIAPAI- scenes while reproducing the title content

accqording to a desired scenario. It is_therefore possible bécfeans ?{ t he
aut Rori ng system of TRE [FYSEAM | ARERALSH 3P @nd&deconnect to the

video stream buffer 400, sub-picture stream buiffer
600, audio stream buffer 800, and the encoding

system controller 200, and is respectively supplied
thereby with the time-delayed encoded video stream

10 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 500 is a multiplexer that multiplexes the
time-delayed streams St27, St29, and St31 based on

15 the stream encoding data St33 (timing signal) to
generate title editing unit (VOB) St35. The stream
encoding data St33 contains the system encoding
parameters, including the encoding start and end
timing.

20 The video zone formattexr 1300 is connected
to 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 rsspectively supplied. The

title sequence control signal St39 contains the

[ 39)
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25 April 2003 -38 and not only reproduce but to repeatedly reproduce a

mul tinmedia bitstream MSS in real-tine. A detail of the authoriggjﬁéa@§n1is
di scl osed Japanese Patent Application filed 5 Septenber 27, 78 i

entitled and assigned to the sane assignee as tile present application. DVD
An exanple of a digital video disk (DvVvD) with only one recording surface (a
single-sided 10 DVD) is shown in Fig. 4. The DVD recording nediumRCl in
the , preferred enbodi ment of the invention conprises a data recording
surface RS1 to and fromwhich data is witten and read by emtting | aser
beam LS, and 15 a protective |ayer P2d-covering the data recordi ng surface
RS1. A backing layer BL1 is also provided on the back of data recording
surface RS1. The side of the disk on which protective |layer PL1 is provided
is therefore referred to below as side SA 20 (commonly "side A"), and the
opposite side (on which the backing |ager BL1 is provided) is referred to
as side SB ("side B"). Note that digital video disk recording nedia having

a singl e dabargeeidingssdfacariblead ol viene, Sherl stbR aSormdbt ARH

2003 -39 this DVD recording mediumRCl is conmmonly called a single-sided
singl e Layeardim&teA sletiasid@drol lgsheatdos dffareatdl annfkibrisddishown in
Fig. 5. Note that the data recording surface RSl is fornmed by applying a
metal lic thitsttream MBRer rEhieectildexoadivy deormakteriay2p 041 09 on a
first transparent |layer al08 having a particular thickness T1. Thjs first

t r anspar enk SREEANGER Bhso §iRdid ofdidsi REe Ut bEBct (V@B ay2F35 1n

5 one video zone VZ in the scenario sequence defined
by the user based con the title sequence control
signal St39 to generate the edited multimedia
stream data St43.

The multimedia bitstream MBS St43 edited

10 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 recording medium M, and
thus records the formatted data stream St4S5S to the

15 recording medium M. Note that the multimedia
bitstream MBS recorded to the recording medium M
contains the volume file structurs VFS, which
includes the phvsical address of the data on the
recording medium generated by the video zone

20 formatter 1300.

Note that the encoded multimedia bitstream
MBS St35 may be output directly to the decodsr to
immediately reproduce the edited title content. It

will be obvious that the output multimedia



ZO PL1. A second transparent substrate 4111 of a thickness T2 functions as
t he backing layer BL1, and is bonded to the first transparent 4%¥er % 08 by
nmeans of an adhesive |ayer 4110 di sposed therebetween. 15 A p@ Wﬂf ayer
4112 for printing a disk | abel may al so be di sposed on the second
transparent substrate 4111 as necessary. The printing |ayer 4112 does not
usual |y cover the entire surface area of the second transparent 20
substrate 4111 (backing layer BL1), but only the area needed to print the
text and graphics of the disk |abel. The area of second transparent
substrate 4111 to which the printinggayer 41.2 is not formed nmay be |eft
exposed. Light reflected 25 fromthe data | ayer al09 (netallic thin film
25 April 2003 -40 form ng the data recording surface RSl can therefore be
directly observed where the label is not printed when the digital video
disk is viewed fromside SB. As a result, the background |ooks 5 |ike a
silver-mhite over mhich the printed text and graphics float when the
netal lic i al u Pafi f a at it is
dto B s LW4m 1 I?;'nc%tf' in élﬁ“ﬁs% Sé @éﬁtat\%te*d i

only necessary e the pr Ing 1ayer 41 mhere
printing, 4O ambki§i1% Ngt Mecessd yyieg provi de the printing layer 4112

over the entire surface of the backing l'ayer BL1. A detailed illustration
of area CAuvhbing ideshadr-indig. 6. Pits and |lands are nolded to t5

t he common contact surface between the first transparent |ayer 4108 and the
data | ayer 4109 on sAdprI¥féroredhectbodtadrstredd byeerattivg: dnkaser beam
LS, and data is recorded by varying the Iengths of the pits and |ands (i

, tBe | engi@coflezy DRe uaeer vadsdecoden the piulyimadeaspettsitcaebn the
pit and | and c2¥ihgurat|on f or med %1 the first Hgansparent |l ayer 4108 is

transferr&P®o g&t Y afele 4205 NIRENE NGRS rtt’fecpptrs ant& | ands is
shorter, and the @ltch of the data 25 trachg formed b ént sequences i S
invention, and tnereby repro Lce

narr ower,
content of each title unit according to the

user-defined scenario, is described next below with
10 reference to Fig. 3. Note that in the preferred
embodiment described below the multimedia bitstream
St45 encoded by the authoring encoder EC is
recorded to the recording medium M.
As shown in Fig. 3, the authoring decoder
15 DC comprises a multimedia bitstream producer 2000,
scenario selector 2100, decoding system controller
2300, stream buffer 2400, system decoder 2500,
video buffer 2600, sub-picture buffer 2700, audio
buffer 2800, synchrecnizer 2900, video decoder 3800,
20 sub-victure decoder 3100, audio decodexr 3200,
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

[
(V]

recording medium M; a reading head 2006 for reading



25 April 2003 ,~1 than with a conventional Conpact Disc (CD). The surface

recording density is therefore greatly inproved. Side SA of tﬂfAfH2®b3

transparent |ayer 5 4108 on which data pits are not fornmed is™a P

surface. The second transparent substrate 4111 is for reinforcenent, and is

a transparent panel made fromthe sane material as the first transparent

| ayer 4108 with both sides flat. Thicknesses T1 10 and T2 are preferably

equal and conmonly 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 15 detecting thejichange in the reflectivity of the

| i ght spot. Because the objective |lens aperture NA can be |large and the

wavel ength 1 of the light beamsmall in a digital video disk system the

di aneter of the light spot Ls used can be reduced to 20 approximtely 1/1.6

the Iight spot needed to read a CD. Note that this means the resolution of

the laser beam LS in the DVD systemis approximately 1.6 tines the

resol utio ' 2 rj : 0. cal stem
A PR S PR S e T ke g Y

used to read d € digrtal” o di sk uses a

wavel engt hy % gd ' aqmﬂgt Phbagdm ARG LB eGtdyg ]l ensswi t haaSQ.-pinH‘T
aperture NA. By thus alsd 5 reducing the thicknéss T of the transparent

panel s to gdré6cEssar 2 bhan HoBwirietslepnphe st sedthdio tine giedejof a 120
nm di ameter optical disk. It is therefore possible to store notion picture

(video) i mapgmaiavBng antextgenenatar ghd Orppradutcatht bidigeream digital
vi deo di sk system di sk without | osing i mge quality because the storage
capdcity &télsi nmghd sk deersidyicd icayaonkroddiey AP dm RCL with one
data recording aﬂfa%ﬁg%gégiégﬁgtngrég%%égl %¥I &§§ y;ms
connected to the decoding system controller 2300
from which the multimedia bitstream reproduction
control signal St53 is supplied, and in turn
10 generates the reproduction control signals St55 and
St59 respectively 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
15 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
20 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

[ 353
(¥

based on the content of the scenario input by the



15 the storage capacity of a conventional CD. As a result, while the video
presentation tinme of a conventional CD systemis approxi rratel%/I5 pr”rggagt es
if image quality is sacrificed, high quality video i mages wt Vi
presentation time exceeding two 20 hours can be recorded to a DVD. The
digital video disk is therefore well-suited as a recording nmediumfor video
images. A digital video disk recording mediumw th plural recording
surfaces RS as described above is 25 shown in Figs. 7 and 8. The DVD
recording. medium 25 April 2003 -43 RC2 shown in Fig. 7 conprises two
recording surfaces, i.e., first recagpdi ng surface RS1 and sem -transparent
second recording surface RS2, on the sane side, i.e. side SA, of the disk.
Data can S be sinmultaneously recorded or reproduced fromthese two
recording surfaces by using different | aser beans LS1 and LS2 for the first
recording surface RS1 and the second recording surface RS2. It is also
possible to read/wite both recording surfaces 10 RSl and RS2 using only

e cal | o e R C g A d0ar | By araRe T P Shotl & 3 S0 be naTEI T Rat

are calle ual-layer Pts Kat

while two tfl@éo@tb@gg%lﬂéﬁﬁ%% RHAhands Bé%aa*foprs@l ded i dnt kis: A5 gxaqpl e,
it is also possible™ o produce digital video disk recording nmedia having

more than sf, crleﬂrpidgng:lsarfwbéclﬁ%d%mahd@ conrinesedcareaki@dwn as
"singl e-si nmufti-1ayer disks.” Though conprising two recording surfaces

20 mrﬁlmsqleaume 2dood diisg oediveshew bynaB ginfxrahedDVD recordi ng
medi um RC3 shown in Fig. 8 has the recording surfaces on opposite sides of
t he 5di sk, gomBunihagtiensi davises réesr cﬁ:ﬁgm@M acé:qqsl‘“@n degodingnd

tce second dat a recordl % iS surface RS2 %@n gb It will SO be
obvious PESAST | COBGEPhEETEBE Bnl § iR EEEor HF nd T E& ésR&r e shown on

Ty &l S0 B %b%%gbﬁ%i%s‘a&%z SPAKE QPSR Vi deo di sk AS with the
Based on the scenario selection data St51,
the decoding system controller 2300 then generates
10 the bitstream reproduction control signal St53
controlling the operation of the bitstream producer
2000.
The stream buffer 2400 has a specific
buffer capacity used to temporarily store the
15 reproduced bitstream Sté6l input from the bitstream
producer 2000, extract the address information and
initial synchronization data SCR (system clock
reference) for each stream, and generate bitstream
control data St63. The stream buffer 2400 is also
20 connected to the decoding system controllexr 2300,
to which it supplies the generated bitstream
control data St63.
The synchronizer 2900 is connected to the
decoding system controller 2300 from which it

25 receives the system clock reference SCR contained



5 recording nmedi~~msho~n ir_Fig. 7, i t i s al so possible to provide
two separate | aser beans LS1 and LS2 for recording surfaces %ﬂ;mc&ogg»z or
to read/wite both recording surfaces RS1 and RS2 using a single l'aser
beam Modte that this type of 10 digital video disk is called a

"doubl e-si ded, dual-layer disk.”™ It will also be obvious that a

doubl e-sided digital video disk can be conprised with two or nore recording
surfaces per side. This type of disk is called a "doubl e-sided, nulti-Iayer
15 disk. " A plan view fromthe |aser beam LS irradiation side of the
recording surface RS of the DvD recoB3lirng nediumRC is shown in Fig. 9 and
Fig. 10. Note that a continuous spiral data recording 20 track TR is
provided fromthe inside circunference to the outside circunference of the
DVD. The data recording track TRis divided into plu=al sectors each having
the sane known storage capacity. Note that for sinplicity only the data
recordi ng track 25 April 2003 TR is shown in Fig. 9 with nore than three
sectors pefrreyhbkutswpnchAosbewrion Kaont 2ol héadat aStaor dongdétackhdR is
normal Iy formed cl ockwi se inside to 5 outside (see arrow DrA) fromthe

i nsi de endipdiernkEA asysieemnsildecki GG anehceuph Iy sk RCAregathe out si de
end point OA at the outside circunference of the disk with the disk RCA
rotating c8ymtteedl stkarke FEAS 110 sthypedetafl SRIRGY S canitadodlexr

cl ockwi se di sk, and the recording track forned thereon is called a

cl ockwi se 2P&&- TRA. - Depending upon the applicatior , the recording track

TRB ptay be formed cl ockwi se from outside to inside circ erence (see arrow
DXBIn 15 Fig. 10) B £ Bl SPAE end Sit Rt CHP aF I#Feygfat She

o eunt o SHE% 88 HE S PTR 4, HBRAF B NN Tk BhaEr B,
stream read signal Sté65 at a specific interval and
outputs the read signal Sté65 to the stream buffer
2400.

10 Based on the supplied read signal St65,
the stream buffer 2400 outputs the reproduced
bitstream St6l at a specific interval to the system
decoder 2500 as bitstream Sté67.

Based on the scenario selection data StS51,

15 .the decoding system controller 2300 generates the
decoding signal St69 defining the stream Ids for
the wvideo, sub-picture, and audio bitstreams
corresponding to the selected scenaric, and outputs
to the system decodexr 2500.

20 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

39 ]
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the recording track appears to wind 20 cour_tercl ockwi se when viewed from
the inside circunference to the outside circunference on diskg gitggkge
recording trac'.~t fornmed in the direction of arrcw DrB, thes S épdl re
referred to as countercl ockwi se disk RCB with countercl ockwi se 25 track TRB
to distinguish themfromdisk RCAin Fig. 25 April 2003 - -~6 9. Note
that track directions DrA and DrB are the track paths al ong which the | aser
beam travel s when scanning the tracks for recordi ng and pl ayback. Direction
of dis."~ rotation Rd.~ in which disk RCA S turns is thus opposite the
direction of track path DVA, and di.rsgctiion of disk rotation RdB in which
disk RCB turns is thus opposite the direction of track path DrB. An

expl oded vi ew of the single-sided, 10 dual -l ayer disk RC2 shown in Fig. 7
is shown as disk RC20 in Fig. 11. Note that the recording tracks formed on
the two recordingJsurfaces run in opposite directions. Specifically, a

cl ockwi se recording track TRA as shown in Fig. 9 is forned in 15 cl ockw se

direction sPEA_lO,n LReddouridub i bilcdat-a recopdimdseys acanBlenabiag
countercl ockwi se recording track TRB fornmed in countercl ockw se direction

Dr B as shayndiino Fsteed s s ovi ded on the (upper) second data recording
surface RS2. As 20 a result, the outside end points OA and OB of the first
and second (top and Phiet aaystrearkdearadar tAE0fametadited pbsition rel ative
to the center axis of the disk RC2o. Note that_track paths DrA and DrB of
tracks TRpres#@ndathematd measfampelPIS danectd9aedbngi JARE. Sthamy r st
and second (tOD _ 25 April _2003 ) , ) .
5 DTS of the smallest control unit in each bitstream
St67 to generate the time information signal St77.
This time information signal St77 1s supplied to
the synchronizer 2900 through the decoding system
controller 2300 as the synchronization control data
10 St8l.
Based on this synchronization control data
St8l, the synchronizer 2900 determines the decoding
start timing whereby each of the bitstreams will be
arranged in the correct sequence after decoding,
15 and then generates and inputs the video stream
decoding start signal St89 to the video decoder
3800 based on this decoding timing. The
synchronizer 2300 also generates and supplies the
sub-picture decoding start signal St91l and audio
20 stream decoding start signal StS3 to the
sub-picture decoder 3100 and audio decoder 3200,
respectively.

The video decoder 3800 generates the videco

output request signal St84 based on the video

|88
h

stream decoding start signal St89, and outputs to



and bottom recording tracks thus wi nd opposite each other with this disk
RC, i.e., the track paths DrA and DrB of the top and bottom r?%c rqi Bg

| ayers are opposite track paths. 5 Goposite track path type, '&HI' & ?ded,
dual -l aver disks RC20 rotate in direction RdA corresponding to the first
recording surface RS1 with the |aser beam LS travelir_g along track path
DrA to trace the recording track on the first 10 recording surface RSI.
When the | aser beam LS reaches the outside end point QA the | aser beam LS
can be refocused to end point OB on the secor_d recording surface RS2 to
continue tracing the recording tracksctomthe first to the second 15
recordi ng surface uninterrupted. The physical distance between the
recording tracks TR ~ and TRB on the first and second recordi ng surfaces
RS1 and RS2 can thus be instantaneously elimnated by sinply adjusting the
focus of the laser beam LS. 20 It is therefore possible with an opposite
track path type, single-sided, dual-layer disk RC2o0 to easily process the
recor ding {packs; dbePased s PRy ¢al | yrdi seigieniep ©ad okt gmageordir_g
surfaces as a single continuous recording track. 25 It is therefore al so
possi bl e i@u@'@@@t hreidiest 25idarH]l 2003 ; ~slsystedas destfekeddgbave with
reference to Fig. 1 t0 continuously record the multinmedia bitstream MBS
Lhat is theukangest thetidetba ddatwsaenagesdnttantha oviwedi saedder
recording surfaces RS1 and RS2 on a 5 single recordi ng nedium RC2o0. It
shoul d be }80&d. t hha heidemkdempdesorBA§ SURBGcEERSEHRILRS2 can be
wound in the directions opposite those descri bed above, h

court er ¢l KRGS ERAACTIRE 1Te§ &@%@5%%@80&1Q@nFﬁ9$?@ﬂf#éé§%ing

sur face RS_l. nd thg cl ock\g"_se track _TEQ on, t.he sgggnd recordin sugf ace
RS2. In thVs eSERETN 84T dn A SEFIPHTDINCFE al s55han Y6 a

| ockwi tati B i t i f b
Csod ab 15 COMFPE R anEnG B donT iR hie THRSEEP 0L RS UELAcer v 0
b E ) D ; ” ‘ J " ) :
Chorsiorc vl SEHAT e ALid R 1Y mhanestadintets |
thus 20 CO%%@@A%:&M@& diighdal Vi deq g sk JrorsgrOreting Muht iledgah

bitstream™NIBS for a feature-length title to a single opposite track path
typeo singte- silledsph@l fliay®rptissent &2o0n Notrmet hiag thisst geecofledi gi t al
video disk nmediumis called a single-sided 25 dual -1ayer disk ~rith oz~oosi
to track payh&he video decoder 3800, which outputs the
reproduced video signal St104 to the synthesizer
3500.
The sub-picture decoder 3100 similarly
15 generates the sub-picture output request signal
St86 based on the sub-picture decoding start signal
St91, and outputs to the sub-picture buffer 2700.
In response to the sub-picture output request
signal St86, the sub-victure buffer 2700 outputs
20 the sub-picture stream St85 to the sub-picture
decoder 3100. Based on the presentation time
information coatained in the sub-picture stream
St85, the sub-picture decoder 3100 decodes a length

of the sub-picture stream St85 corresponding to the

specified presentation time to reproduce and supply

N
w



25 April 2003 Anot her exanple of the single-sided, dual-layer DVD recording
medi um RC2 shown in Fig. 7 is shown as disk RC2p in Fig. 12. pﬂgﬁggdlng
tracks forned on both first and second recording 5 surfaces 2 are
cl ockwi se tracks TR ~ as shown in Fig. 9. Ir_ this case, the sir_gle-sided,
dual -l ayer disk RC2p rotates counterclockwi se in the direction of arrow
Rd ~, and the direction of |aser beam LS travel is the sane as the
direction 10 of the track spiral, i.e., the track paths of the top and
bottomrecording surfaces are nutually parallel (parallel track paths). The
outside end points OA of both top ang bottomtracks are again preferably
positioned at the sane radial position 15 relative to the center axis of
the di sk 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 shifted from
outside end point OA of track TR ~ on the first recording surface RS1 to 20
the outside end point OA of track TR ~ or_ the second recording surface RS2

by appropr t ehy. Q¥H$E .t f t sel p LSat side end
poi nt QA wg\%r or #%g %ger Cr?le)'%j?n Egé{] 42% con??nuousﬁa c‘L(’:{t-éLss t he
clockmﬁsesggg@ndlr_g track 25 April 2003

The synthesizer 3500 superimposes the

video signal St104 and sub-picture signal St99 to

(9]

generate and output the multi-picture video signal
Stl05 to the video data output terminal 3600.

The audio decoder 3200 genérates and
supplies to the audio buffer 2800 the audio output
request signal St88 based on the audio stream
10 decoding start signal St93. The audio 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
15 presentation time information contained in the
audio stream St87, and outputs the decoded audio
Stream Stl0l to the audio data output terminal
3700.
It is thus possible to reproduce a
20 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 to reproduce the title content desired by the

I
¥/

user in the desired sequence by reproducing the



-50 TRA on the second recording surface RS2, the recordi ng nmedi um RC2p nust
be driven ir_ the opposite direction (clockw se, opposite d'rf§¥bﬁV208§A)
Dependi ng on the radial position of the 5 | aser beam LS, however, it
inefficient to change the rotational direction of the recordir_g nedlun1 As
shown by the diagonal arrowin Fig. 12, the aser beam LS is therefore
noved fromthe outside end point OA of the track on the first recording 10
surface RS1 to the inside end point A of the track on the second recording
surface RS2 to use these physically discrete recording tracks as one

| ogically continuous recording track37 Rather than using the recording
tracks on 15 top and bottomrecordi ng surfaces as one continuous recording
track, it is also possible to use the recording tracks to record the

mul timedia bitstreans MBS for different titles. This tv~e of digital video
di sk recording nediumis called a 20 ~~sir_gl e-sided, dual-layer disk with

parallel track paths . ~~ Note that if the direction of the tracks forned
on the reqgandidignedrifaces tRdraath RS coppesipendiatgdassr tbed above,
i.e., 25 counterclockw se recordi~a tracks TRB are forned, 25 Apri | 2003

- ~1 disksejectedn seenamsot _~e sane as that described above except for
the direction of disk rotation, which is clockwi se as shown by arrow RdB.
Whet her using cl ock: ¥itsel ®r thenaftae| poas s leedoyditrRisacks, e

si ngl e- si ded dual-layer disk RC2p with parallel track paths thus described
is well —SLﬁ“tlgélQ‘él?A%@Hét@maO@ n“ghl@ EAS@(S@H’WCJ-BH@PELL;%H Efni I ar

o d E‘Sﬁh%é“ Pkt Eeau A CABPBdGH B ES FS Hqisaé%éé‘&agﬁé Frgt 131”“ ovD
1 RS2

cach si de *—E(%g B%R?lﬁl#p“éé 85 B L A o T e Rum mess 1 n

Fio. 13 lAgkil 88 5601 i kg acle JFR-a.d SAREQYT 980 bl ope ss0cdipn

surface R a countercl ockw se recordi ng track i'S provide

thﬂ'rem%ﬁb”%éﬁé%%@aﬁgzofﬁtﬁét§%d¥f$§@”gﬁi@%ﬁ§'@hﬂ@@”ﬂ t he
outside end ZO points QA and OB of the recording trackS on each recording

surface argspeefesahl whosili i coaed Isdé Herisdae riadtal phaixtadn relative to

the center axis of the DVD recording nedium RC3s. Note that while the

recddr di ng subsksreanss, t kager ¢ ssdimy nphsurbasdss REL tahe RSN Eerdt eaine
arranged in a specific time-base relationship.

The multimedia bitstream thus encoded can
then be reproduced according to the one scenario
selected from among plural possible scenarios. It

15 is also possible to change scenarios while playback
is in progress, i1.e., to select a different
scenario and dynamically generate a new multimedia
bitstream according to the most recently selected
scenario. It is also possible to dynamically

20 select and reproduce any of plural scenes while
reproducing the title content according to a
desired scenario.

It is therefore possible by means of the

authoring system of the present invention to encode



25 April 2003 - 3~ opposite directior_s, the trac'.~ paths are
symmetrical. This type of recording nediumis therefore kr—OWﬂsﬁﬁﬂ§003
doubl e-si ded dual |ayer disk with synmetrical track paths. This

doubl e-sided 5 dual layer disk with symetrical track paths RC3s rotates in
direction Rd_A when reading/witing the first recordir_g surface RS1L. As a
result, the track path on the second recording surface RS2 on the opposite
side is opposite the direction DrB in 10 which the track wi nds, i.e.
direction DrA. Accessing both recording surfaces RS1 and RS2 using a single
| aser beam LS is therefore not realidt+c irrespective of whether access is
continuous or non-continuous. In addition, a nultinedia 15 bitstream MBS is
separately recorded to the recordir_g surfaces on the first ar_d second
sides of the disk. A different exanple of the doubl e-sided single |ayer

di sk RC3 shown in Fig. 8 is shown in 30 Fig. 14 as disk RC3a. Note that
this disk conprises clockw se recording tracks TR ~ as shown in Fig. 9 on

bot h recorghdg ridit f aseby REearoduid®?. b Wt bh tdeeprrsdlivnaregeedling
medi a, the outside er points OA and OA of the recording tracks or 25 each

r ecor di ng sumidcel mee a ebdrtabt yeposi MB®heitnatreaz~tarma.zaa3 . ;~ . the
same radial nositi or_ relative to the center ax.zs of the DVD recording
medi um RC3a. Unl zke Ahdedouble-af detisivantihyeing skRy®aamsysetri cal track

pat hs RC3s_descri bed above, the tracks on these S recording surfaces RS1
and RS2 ar®l &SHREeA e?ﬂpam%et?ﬁet%mtdi%mpﬁslq%l@frbrélﬂfﬁn as a

doull e-si ded |, | di i th myet.rical K hs. Thi

dou-- o-siHeBHEPeH FLr Hostb w S REyrhETAG AR AR SETEIRE rot at es
dou~. e-si CeH "GP =] s o ORGSR
RO1. s & TASUNE BRI T SRR Aoon e SECBRA 7 cBBLd RGP Ace RS2 on t he

opposite i%?% is.apposite the direction DrAin which the track winds, i.e.,
di rection . IS This nmeans that if a ~. aser beam LS is driven

continuously from theni RSidlepgid cyaf & ence it he, 0EES 481 §kr cupienence an
the ffirst recording Surface RS1, and then fromthe outside circunference

to the i nsyilehcionlipf esredcecnpiid it senofhdcrecpadisighglefasedB3R, both
sides of the recording nedium RC3a can be read/witter_ wthout turning the
di S0 over RWA)wiidoshawmolidiRfgdi f férent ~, ase: beams for the two sides.
The track paths for recording surfaces RS1 and RS2 are ,also the same with
this doubl e-sided The DVD recording medium RC1l in the
preferred embodiment of the invention comprises a
data recording surface RS1 to and from which data
is written and read by emitting laser beam LS, and
15 a protective layer PL1 covering the data recording
surface RS1. A backing layer BL1l 1is also provided
on the back of data recording surface RS1. The
side of the disk on which protective layer PL1 is
provided 1is therefore referred to below as side SA
20 (commonly "side A"), and the opposite side (on
which the backing layer BL1l is provided) 1is
referred to as side SB ("side B"). Note that
digital video disk recording media having a single

data recording surface RS1 on only one side such as



25 April 2003 dual layer disk with asymmetrical track paths RC3a. As a

result, it is also possible to read/wite both sides of thesdmsk2093 hout
provi di ng separate | aser beans for each side if tie recording nedi um RC3a
is 5 turned over between sides, and the read/wite apparatus can therefore
be constructed economcally. It should be noted that this recordi ng nmedi um
remains functionally identical even if x0 countercl ockw se recording track
TRB is provided in place of clockw se recording track TR ~ on both
recording surfaces R S1 and RS2. As described above, the true value of a

DVD syst em whereby the storage capﬁthy of the 1~ recording medi um can be
easily increased by using a multiple layer recording surface is realized in
mul ti medi a applications whereby plural video data units, plural audio data
units, and plural graphics data units recorded to a single disk are
reproduced 20 through interactive operation by the user. It is therefore
possi ble to achieve or_e | ong-standing desire of software (progranning)
provi ders, specifically, tq rov%&&\og{@ﬂnﬁ_@g eonmlyuctaised a

comrer ci ajh #iBvilVBr reC ¥ A 28 ording nediumin plural versions for

di fferent 25 April_ 2003, a a depegr.aphic groups while retaini,-lg
t he imagesiqn@]i&yséfif% eséﬂ%?‘?ﬁalgi%%grgental control Content providers of

movi e and vi deo 5 t%t bfest%g%é%&oplq_rugtm:l_@nh@ftar@%dgcle,l%u ptY; and

manage the inventor ividual titles in multiple | anguages.. stypically
t he wanguage of E.ach di st rdpyti en markets ambeBubde r‘gﬁtg@t¥?%§’p%é¥1§ges
conform n§ &5 tH Oﬁ%ﬁ'eﬁ al control (censorship) 10 reggaﬁfeiggs Of 5

in
i ndi vi dual_countri esginiEUrpemand Nor tappiefied. 3rhe and Tesources
reqlired ’F’B'FE%% Lois

| mportant ¢34 B&Ogégﬁ;ﬁ%;;;icﬂ?egﬁ i\r&v‘é't3@%@”&@%5%&%%{Y'lfae%?gdggis v
4109 on a first transparent layer 4108 having a
particular thickness T1. This first transparent
layer 4108 also functions as the protective—layer

10 PL1. A second transparent substrate 4111 oL &
thickness T2 functions as the backing layer BL1,

- and is bonded to the first transparent layer 4108
by means of an adhesive layer 24110 disposed
therebetweell. | | .

15 A printing layer 4112 for printing a disk
1abel may also be disposed on the second
transparent substrate 4111 as necessary. The
printing layer 4112 does not usually cover the
entire suxrface area of the second transparent

20 substrate 4111 (backing layer BL1), but.onlyﬂthe
area needed toO print the rext and graphlcs OL the
disk label. The area of second transparent |
substrate 4111 to which the printing layer 4112 1S
not formed may be 1eft exposed. Light reflected

from the data layer 4109 (metallic thin £ilm)
L

[
h



15 The digital video disk recording nediumis close to solving these

problenms. Multiple angles One interactive operation wdely so
mul ti medi a applications today is for the user to be 20 able t

& dpaos ne

position fromwhich a scene is viewed during reproductior_ of that scene.
This capability is achieved by neans of the multiple angle fur_ct ion .
This nmultiple angle function nakes 25 possi bl e applications whereby, for
exanpl e, a user 25 April 2003 can watch a baseball game fromdifferent
angles (or virtual positions in the stadium, and car_ freely swtch.
between the views while viewing is.igp progress. In this exanple of a
basebal| gane, the 5 avail abl e angles may include a position behind the
backstop _centered on the catcher, batter, and pitcher; one from behind the

bac: ~stop centered on a fielder, the pitcher, and the catcher;

and one from

center field showng the viewto the pitcher and 10 catcher. To neet these
recruirenments, the digital video disk systemuses MPEG the sane basic

st andard fpégﬁt;ﬂgg?gygf(ga gefég&a?ﬁtgeg‘??dﬁﬁevw’ C%lﬁji o, graphics,

and ot her “signal ecause o

férences i storage capacity,

transfer ra#hi&se fvdesigpal iFOEEIS) NIpRYF-PEABRAC W Rt Neypenr oduct i on
appar atus, DVD uses MPER2, the conpression nethod and data fornmat of which

di ffer slimght! pAinmechew NBEGE her rdf gtised] Wikie8 Midewe- €ds. v htewhgul d be
noted that the content of and differences between the NI PEGL and MPEQR
st andar ds fzo® molder &8 - r elfes | ansteé puildc t hehentlemtkafrohedreseis

invention, and further description is 25 ril 2003
35

1

ike a silver-white over which the printed 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,

10 and it is not necessary 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

15 the common contact surface between the first

Cransparent layer 4108 and the data layer 4109 on

side SA from which data is read by emitting a laser

beam LS, and data is recorded by varying the

lengths of the pits and lands (i.e., the length of

20 the intervals between the pits). More

specifically, the pit and land configuration formed

on the first transparent layer 4108 is transferred

to the data layer 4109. The lengths of the pits

and lands is shorter, and the pitch of the data

19
h

tracks formed by the pit sequences is narrower,



therefore omtted below (for nore information, see ~IP~G specifications

| SO-11172 and i SO-13818). The data structu=a of the DVD syst?g1 £9p6H ng to
the present invention is described in 5 detail below with referer_ce to
rrrigs. 16, 17, 18, 19, 20, and 21. ~lulti-scene control A fully functional
and practical parental |oc'~c playback function ar_d multi-angle scene 10
pl ayback function must enable the user to nodify the systemoutput in

m nor, subtle ways while still presenting substantially the sanme video and
audio output. If these functions are, achi eved by preparing. and recording
separate titles satisfyir_g 15 each f the many possi bl e parental |ock and

mul ti-angl e scene playback requests, titles that are substantially
identical and differ in only m nor ways nust be recorded to the recording
med=um This results in ider_tical data beir_g 20 repeatedly recorded to
the larger part of the recordir_g medium ar_d significantly reduces the
utilization efficier_cy of the avail able Storage capacity. N ore
paHicuIm@??qtWLEHMQtGQMKﬁm§&ﬁ%@%I@@%P r@%ﬁ%cﬂéﬂ?tiﬂ?%e
satisfyin%?ZS,every OSSiE;F re uest.gyen.usinqathg nassive “35 April 2003
~8_ capact £y FFHCEh& S GFEHTi RESW nkdi GHSRREF Tt Sms2bé Yeor _cl uded

that this pgggj &an be easily solved by increasing the capacity of the
recordi ng 'ﬁﬁ?é His is an cbviously undesirable solution 5 when the

effective use of avagk eagyY QHE i i :
Ul evensSontro) St SRIBETRE GRS stebdate S (vt on

bel gw, i n g1 DYD Sy SWEMR cht d=5c KOS s e avae dypam £8khe goRg rackE 10-titl es
for nunerous variations of the same basic content using the small est

possi bl e amufiacéd . datBheankd¢badetyratfardireelty stiddtzeatde 4udil abke
system resources (recording nedium. Mre specifically, titles that can be
pl ayed badkowi tteisfouneementvar gatd ohs & etremsspactamit f pamddsimadeonmon)
scene periods containing data common to each title, and nulti-scene periods
conpri si nf HPBuUPSEf SAMEefEteEddnesasortaepdids § Cg BRSO IFRIVUS

requests. During reproduction, the user is_20 able to freely and at any
tinme sel ect@¥8M4 i 24P ‘%égk\’e&@Fg‘mQH %Iﬁfa&enelﬂ ¢oHESLEyahi cal | y

COM UC! k2 SR G B et S O ERL oy, 2 il
approximately 0.6 mm, but the inventicn shall not
be so limited.

As with a CD, information is read by

irradiating the surface with a laser beam LS and

15 detecting the change in the reflectivity of the
light spot. Because the objective lens 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

20 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 approximately
1.6 times the resolution of a conventional CD

system.



25 April 2003 _~9 Note that nulti-scene control enabling a parental Iock
pl ayback control function and nmulti-angle scene playback is g{F

anot her section. belowwith reference to Fig. 21. 5 Data structure o the
DVD system The data structure used in the authoring systemof a digital

vi deo di sk system according to the present invention is shown in Fig. 22.
To record a nultinedia bitstream MBS, this digital 10 video di sk system

di vides the recording nmediuminto three major recording areas, the |ead-in
area LI, the volune space VS, and the | ead-out area LO The lead-in area LT
is provided at the inside circunferdlce area of the optical disk. In 15 the
di sks described with reference to Figs. 9 and 10, the lead-in area LI is
positioned at the inside end points A and I B of each track. Data for
stabilizing the operation of the reproduci ng apparatus when reading starts
is witten to the 20 |lead-in area LI. The |ead-out area LOis
correspondingly located at the outside circunference Of the o~ticaJ. disk,
i.e., at outside endllpei ot DAadnds PBtEmencked rack r@athelat skst descr i bed
with reference to ?5 Figs. 9 and |10. Data identifying the end of the 25
April 2008he&0digital video disk uses a short 650 nm

wavelength red semiconductor laser and an objective
lens with a 0.6 mm aperture NA. By thus also

reducing the thickness T of the transparent panels

[V

to 0.6 mm, more than 5 GB of data can be stored to
cone side of a 120 mm diameter optiéal disk.
It is therefore possible to store motion
picture (video) images having an extremely large
10 per unit data size to a digital wvideo disk system
disk without losing image quality because the
storage capacity of a single-sided, single-layer
recording medium RC1l with one data recording
surface RS1 as thus described is nearly ten times
15 the storage capacity of a conventional CD. As a
result, while the video presentation time of a
conventional CD system is approximately 74 minutes
if image quality is sacrificed, high quality video
images with a video presentation time exceeding two
20 hours can be recorded to a DVD.
The digital video disk is therefore
well-suited as a recording medium for video images.
A digital wvideo disk recording medium with

plural recording surfaces RS as described above is

9
v ]}

shown in Figs. 7 and 8. The DVD recording. medium



vol ume space VS is recorded in this |ead-out area LO The vol une space VS
is located between the lead-in area LI and |ead-out area LO sl

recorded as a one-dinensior_al array of n+l (where nis an ir_teger greater
t han or equal
sequenti al |l y nunber #0, #1, #2, ... #n. The volune space VS is also divided
into a volunme and 10 file structure mar_agenent area VFS and a file data
structure area FDS. The volunme and file-structure managenent area VFS
conprises mtl
than or equal to 15 zero and | ess rif®m n. The file data structure FDS
conprises n-mlogic sectors LS #mtl to LS #n. Note that this file data
structure area FDS corresponds to the nultinedia bitstream MBS shown in
Fig. 1 and descri bed above. 20 The volune file structure VFSis the file

system for

to zero) 2048-byte logic sectors LS. The logic sectors LS are

| ogic sectors LS#0 to LS#m (where mis an integer greater

managi ng the data stored to the volunme space VS as files, and is

divided into logic sectors LS#O - LS#m where mis the nunber of sectors
requi red tRC2t GOWR] dat H1C cedeFAMPHLRRYS 2ZYQ i FECEEEETi sk, and is a

nat ur al

[0}

10

v
(7]}

nunber
sur

| ess than 2§:April 2003 -

1 -
faces, 1.e., first recorglng surface RS1 and

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 using 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 disks."

Though comprising two recording surfaces

similarly to the recording media shown in Fig. 7,

the
the

DVD recording medium RC3 shown in Fig. 8 has

recording surfaces on opposite sides of the

disk, 1. 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



5 10 15 n. Information for the files stored to the file data structure area
FDS is witter _ to the volune file structure VFS according t kn
saecificatior_ such as | SO 9500 or |1SO 13346. The file data gp&ﬂ%@%&@}area
FDS conprises n-mlogic sectors LSfim- LSmm, each conprising a video
manager V~I G sized to an integer nultiple of the logic sector (208 x I,
where | is a known integer), and k video title sets VIS nl - VIS#k (where k
is a natural r_unber |less than 100). The video manager VMG stores the title
managenent information for the entire disk, and information for building a
vol ume nmenu used to set and change-r¥production control of the entire
volunme. A ny video title set VIS ~k is also called a "video file"

represer _ting a title conprising video, audio, and/or still image data. The
ir_ternal structure of each video title 20 25 set VIS shown in Fig. 22 is
shown in Fig. lo. Each video title set VIS conprises VIS information VTSI

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 the

recording medium shown in Fig. 7, it is also

w

possible to provide two separate laser beams LS1
and LS2 for recording surfaces RS1 and RS2, or to
read/write both recording surfaces RS1 and RS2
using a single laser beam. Note that this type of
10 digital video disk is called a "double-sided,
dual-layer disk." It will also be obvious that a
double-sided digital video disk can be comprised
with two or more recording surfaces per side. This
type of disk is called a "double-sided, multi-layer
15 disk."
A plan view from the laser beam LS
irradiation side of the recording surface RS of the
DVD recording medium RC is shown in Fig. 9 and Fig.
10. Note that a continuous spiral data recording
20 track TR is provided from the inside circumference
to the outside circumference of the DVD. The data
recording track TR is divided into plural sectors
each having the same known storage capacity. Note

that for simplicity only the data recording track



descri bing the managenent information for the entire disk, and the VIS
title video objects VO8 (VISTT VOBS), _.e., the systen1streaqgo{ HBS
mul ti media bitstream The VIS information VTSI is 25 Apri l 12083
described first below, followed by the VIS title VOBS. The VIS ir_formation
primarily includes the VTSI managenent table VTSI MAT and VTSPCGC 5
I nformation table VIS PGCIT. The VTSI managenent table VTSI ~i ~. AT stores
such informatior_ as the internal structure of the video title set vTS, the
nunmber of selectable audio streanms contained in the video title set VTS,
the 10 number of sub-pictures, and-tHe video title set VTS |ocation
(storage address). The VISPGC information table VIS PGCIT records i (where
i is a natural nunber) program chain (PGC) data bl ocks VIS PGCI #1 - VTS
PGCI #i 15 for controlling the playback sequence. Each of the table entries
VTS PGCl #i is a data entry expressing the program chain, and conprises j
(where j is a natural nunber) cell playbac'.~c information bl ocks C PBI nl
- CG-PBl njTREash skbWwn in Fig. 9 with more than three sectors
per revolutiomn.
As shown in Fig. 9, the data recording
track TR is normally formed clockwise inside to
5 outside (see arrow DrA) from the inside end point
IA at the inside circumference of disk RCA to the
outside end point OA at the outside circumference
of the disk with the disk RCA rotating
counterclockwise RAA. This type of disk RCA is
10 called a clockwise disk, and the recording track
formed thereon is called a clockwise track TRA.
Depending upon the application, the
recording track TRB may be formed clockwise from
outside to inside circumference (see arrow DrB in
15 Fig. 10) from the outside end point OB at the
outside circumference of disk RCB to the inside end
point IB at the inside circumference of the disk
with the disk RCB rotating clockwise RdAB. Because
the recording track appears to wind
20 counterclockwise when viewed from the inside
circumference to the outside circumference on disks
with the recording track formed in the direction of
arrcw DrB, these disks are referred to as
counterclockwise disk RCB with counterclockwise

25 track TRB to distinguish them from disk RCA in Fig.



20 pl ayback information block C PBlI #] contains the playback sequence of
the cell and playback control infornmation. The progran1chainﬁE§§Fh§ ﬁ%
conceptual structure describing the story of the title 25 co , 8
therefore defines the structure of 25 April 2003 -63 each title by
describing the cell playback sequence. Note that these cells are described
in detail below |If, for exanple, the video title set 5 infornmation rel ates
to the mer_us, the video title set information VTSI is stored to a bufer in
t he pl ayback devi ce when pl ayback starts. |If the user then presses a MENU
button on a renote control device, fr exanple, during playback, the

pl ayback 10 device references the burfer to fetch the nmenu information and
di splay the top nenu #1. If the nenus are hierarchical, the main nenu
stored as program chain informati on VIS PGClI #1 may be displ ayed, for
exanpl e, by pressing the MENU 15 button, VIS PGClI #2 - #9 may correspond to
subnmenus accessed using the nuneric keypad on the renote control, and

VTS _PCGCl #10 hi d ddi t | s~ furth d
the hi o atohy. MRS, LAY VEFRCKTOIRGES LAy Thekt REG ot Rerir 20 WHSp! ayed
b [ ' TS I a_hi %Ry i
gﬁiggﬁizlggﬁéggh e gyﬁég@%ﬁ%ﬁ*%ﬁéﬁ%gFgggg%%éﬁﬁg %%%&?ﬁér eﬁ?f$hé%#%ﬁus

Lablo. AaSsgR IR 1l SR TR SR AT T

t abl e. _ _ result, t __us may freely
cor _structed-&p tabhOWF WaY Sk andtahted bnnatahe il myhedH odhises arel cal or

non- hi erarchi cal nmenus or nenus containing voice guidance. 5 In the case of
a novie, tarrmxanpsethide sbtensitd eclset dnfermmt onn oSt riaxlst peatht o a
buffer in the playback devi ce when pl ayback starts, the playback device
reference®zhe egld ﬂli@&mtlios’eqoéncbisksmcmedjlm}t ReBrbgr arrtled n PGC,
and disk RCB turns is thus opposite the direction of
track path DrB.
An exploded view of the single-sided,
10 dual-layer disk RC2 shown in Fig. 7 is shown as
disk RC20 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 formed in
15 clockwise direction DrA on the (lower) first data
recording surface RS1l, and a counterclockwise
recording track TRB formed in counterclockwise
direction DrB as shown in Fig. 10 is provided on
the (upper) second data recording surface RS2. AS
20 a result, the outside end points OA and OB of the
first and second (top and bottom) tracks are at the
same radial position relative to the center axis of
the disk RC20. Note that track paths DrA and DrB
of tracks TR are also the data read/write

25 directions to disk RC. The first and second (top



10 reproduces the systemstream The "cells" referenced here may be all or
part of the system stream and are used as access points d“”i@%ﬁﬁ@%@ ck.
Cells can therefore be used, for exanple, as the "chapters” into which a 15
title my be divided. Note that each of the PGC information entries C PB

~j contair_ both cell playback processing information and a cel

information table. The cell playback processing information. 20 conprises
the processing information needed to reproduce the cell, such as the
presentation tinme and nunber of repetitions. More specifically, this
information includes the cell blockd4mde CBM cell block type CBT, seanl ess
pl ayback flag SPA, 25 interleaved allocation flag | AF, STC resetting fl ag
25 April 2003 -ss STCDF, cell presentation time C PBTM seanl ess angl e
change flag SACF, first cell VOBU start address C FVOBU SA, and the | ast
cell VOBU start address C LVOBU SA. 5 Note that seam ess playback refers to
tile reproduction. in a digital video disk systemof nultinedia data

i ncl udi ng afdepo Beghg, B8Rt BECHEE cdas at Widiowt nidteppidd 2k breaks in
the data or information. Seam ess playback is 10 described in detail in
anot her sexdchndichew withr eflei encki ¢k R@, 23 and Eie 24adbepeathsbl ock
node CBM i ndi cates whether plural cells constitute one functional block.
The cel |l BPxgbacididt® mufi theftegrhand bontomsreaarddng bayekrss
arranged consecutively in the PGC information. The cell block node CBM of
the first &e®| OFRGBASE | RFaatPaFid-this sequer _ce contains the val ue of

the first cell in the block, ar d the cel| block node CQNIof,the | ast cel
5 Cpposite track patn type, single-sided,

dual-~layer disks RC20 rotate in direction Rd4A
corresponding to the first recording suxrface RS1
with the laser beam LS traveling along track path
DrA to trace the recording track on the first

10 recording surface RS1. 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

15 recording surface uninterrupted. The physical
distance 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.

20 It is therefore possible with an opposite
track path type, single-sided, dual-layer disk RC2o
to easily process the recording tracks disposed to
physically discrete top and bottom recording

surfaces as a single continuous recording track.

[
W

It is therefore also possible in an authoring



20 pl ayback information in this sequence contair_s the value of the |ast
cell in the block. The cell block node CBM o. each cell arra&gq“pﬁFpgfn
these first and last cells contains a value indicating that the ce s a
cell between these first and 25 last cells in that bl ock. 25 April 2003
-66 The cell block type CBT identifies the type of the block indicated by
the cell block node CBM For exanple, when a nmultiple angle function is
enabl ed, the cell ir:formation corresponding to 5 each of the reproducible
angles is progranmmed as one of the functional blocks nentioned above, ar_d
the type of these functional blocks jg.defined by a value ider_tifying
"angle"” in the cell block type CBT for each cell in that block. 10 The
seanl ess pl ayback flag SPF sinply indicates whether the correspondi ng cel
is to be linked and pl ayed back seanml essly with the cell or cell block
reproduced i medi ately therebefore. To seam essly reproduce a given cel
with the 15 preceding cell or cell block, the seam ess playback flag SPF is

set to 1 ig.Lhe gells PhaLRAck, LA ABLon, {0, thak Gall o Othgr Wsg SRF i

set to
to continuously record the multimedia bitstream MBS

that is the largest multimedia data management unit

to two discrete recording surfaces RS1 and RS2 on a

W

single recording medium RC20.

It should be noted that the tracks on
recording surfaces RS1 and RS2 can‘be wound in the
directions opposite those described above, i.e.,
the counterclockwise track TRB may be provided on
10 the first recording surface RS1 and the clockwise

track TRA on the second recqrding surface RS2. 1In
this case the direction of disk rotation is also
changed to a clockwise rotation RdAB, thereby
enabling the two recording surfaces to be used as
15 comprising a single continuous recording track as
described above. For simplification, a further
example of this type of disk is therefore neither
shown nox described below.
It is therefore possible by thus
20 constructing the 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 RC20. Note that this type of
digital video disk medium is called a single-sided

dual-layer disk with opposite track paths.

(9]
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0. The interleaved allocation flag | AF stores 20 a val ue identifying

whet her the cell exists in a contiguous or interleaved bl ock H eII
is part of an interleaved block, the flag |AF is set to 1; ot% %ise rt is
set to 0. The STC resetting flag STCDF identifies 25 whether the system
time clock STC used for 25 April 2003 -67 synchroni zation nust be reset
when the cell is played back; when resetting the systemtinme clock STCis
necessary, the STC resetting flag STCDF is set to i. 5 The seam ess angle
change flag SACF stores a value indicatir_g 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 seanl ess angle change flag SACF is set to 1; 10
otherwise it is set to 0. The cell presentation tinme C PBTM expresses the
cell presentation time with video frame precision. The first cell VOBU
start address 1~ C FVOBU SA is the VOBU start address of the first cell in
a block, and is al so expressed as the distance frontthe | ogi ¢ sector of the

Legfgrgelgol$hehﬁagj ce?%h%CES§§? ¥¥§%d ress LVCB %%??éQ%%ehscgﬂngfgr?f
address of giiael L asty£! DUt HBed¥@ckg Thedvalmeref téhewddiesssig . 7
expressed as the distance fromthe Iogic sector of the first cell intale
VTS title YEBSHYF Ta¥O39) sRor@R pedsuretdghy 1he nurther méceecins;
tracks formed on both first and second recording
3 surfaces RS1 and RS2 are clockwise tracks TRA as
shown in Fig. 9. In this case, the single-sided,
dual-layer disk RC2p rotates counterclockwise in
the direction of arrow RdA, and the direction of
laser beam LS travel is the same as tha direction
10 of the track spiral, i.e., the track paths of the
top and bottom recording surfaces are mutually
parallel (parallel track paths). The outside end
points OA of both top and bottom tracks are again
preferably positioned at the same radial position
15 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 shifted from outside end point OA
of track TRA on the first recording surface RS1 to
20 the outside 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
CA.
However, for the laser beam LS to

continuously access the clockwise recording track

(3]
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25 April 2003 -ss The VIS titl a YOBS (VISTTVOBS) , i . a. , t'r_e

mul timedi a system stream data, is described next. The system U&g @gta
VTSTT VOBS conprises i (where i is a natural number) system sStr , 5
each of which is referred to as a "video object” (VOB). Each video object
VOB #1 - VOB #i conprises at |east one video data bl ock interleaved with up
to a maxi mum ei ght audi o data bl ocks and up to a maxi nrum 32 sub-picture
data bl ocks. 10 Each vi deo object VOB conprises q (where q is a natural
nunber) cells C#l - CHq. Each cell C conprises r (where r is a natural
nunber) video object units VOBU #1_ 35 VOBU #r. Each vi deo object unit VOBU
conprises 15 plural groups of-pictures GOP, ~and the audi o and sub-pictures
corresponding to tine playback of said plural groups of pictures GOP. Note
t hat the groupi of ~ni ctures GOP corresponds to the video encodi ng refresh
cycle. Each video object unit 20 VOBU al so starts with an NV pack, i.e.,
the control data for that VOBU. The structure of the navigation packs NV is

d i bed_w.th f to K q. 18. f ) | bi h i gati Kk
v 25t FELA P e So SRR IRe %7 CORE b s 2082 e 58 hpril 2003
-69 Fig. [t 3 3 ‘.1 thorir _
encod;? E%%%%E%Fﬁﬁgﬁ aﬁ¥%¥§é$g¥§%égﬂﬁ%§éi§¥§2§?q$§e§g§EF?%§ mfihrrgference
to Fig. 124,0Qkg ddafithe-eneefed-viglog siyeanogddsshamdive S o 17 is

t he conpressed one-dinensicnal video data streamencoded by the video
encoder 38JajThe enepeert Bng @rst tBamSabiddl bideitien hefcaipeessed

one-di nensi onal audi 0 data Streamnultiplexing the right and |eft stereo
audgo laser beam LS, however, it is inefficient to change
the rotational direction of the recording medium.
As shown by the diagonal arrow in Fig. 12, the
laser beam LS is therefore moved from the outside
end point OA of the track on the first recording
10 surface RS1 to the inside end point IA of the track
on the second recording surface RS2 to use these
physically discrete recording tracks as one
logically continuous recording track.
Rather than using the recording tracks on
15 top and bottom recording surfaces as one continuous
recording track, it is also possible to use the
recording tracks to record the multimedia
bitstreams MBS for different titles. This type of
digital video disk recording medium is called a
20 "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,

[P
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10 channel s encoded by the audi o encoder 700. Note that the audi o signal
shall not be I[imted to a stereo signal, and may al so be a t A n?g&gl
surround- sound signal. The system stream (title editing unit é%? t 35
is a one dinensional array of packs with a byte size corresponding to the

| ogic 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, 20 i.e., at the beginning of the video object unit VOBU. This
stream control pack is called the "navigation pack W~~, and records the
data arrangenent in the systen1streéﬂaand ot her control information . 25
April 2003 -70 The encoded video stream St15 and the encoded audi o stream
St19 are packetized in byte units corresponding to the system stream packs.
These packets are shown in Fig. 17 as packets V1, 5 V2, V3, V4... and Al,
A2, A3.... As shown in Fig. 17, these packets are interleaved in the
appropriate sequence as  system stream St35, thus forning a_ packet stream
with consi@bpi i@pegiafehoto tasadevddErdusase st ge Tt e SR pedr uired

by 10 the decoder to expand the video and audio data packets. Ln the
exanple s Vith ¥¢ERY, e E&@Kégl‘s‘@rce%%ﬁ’?’sq tgr‘iﬁ"‘g‘éve@t’r%tt]-ﬁﬁlsequence

Vi, V2, A1, V3, V4 ... Note that the segcrue in Fig. 17 15
interl eave"%l'lallgl%1 viGe§ F‘a‘rwdrﬁr W hsfﬁﬁg’%uﬁ% agéfg%buﬁ‘%@ ‘Significantly
increased recordi ng/ghayhack, \faPaci tyy oRialy speef-recording/ pl ayback, and

per formance i nprovenents in the Sigr_al processing LSI enable the DVD

SYStsem 1 0 ¢ 8GO PLUIGH kRYELD. ﬁ@d@f&i?ﬂé@d Pru’ s sub-phcture data (graphics

data) to one video data unit in a sing i nterl eaved MPEG system stream
ar~d ther ebynenabl gitdhed yseiud v-9elpetr tdieskpedd pe waitho piat-a ldnsll

sub-picture data to be reproduced during playback. The structure of
track paths thus described is well-suited to
storing on a single disk encyclopedia and similar
multimedia bitstreams comprising multiple titles
10 that are frequently and randomly accessed.

An exploded view of the dual-sided
single-layer DVD recording medium RC3 comprising
one recording surface layer RS1 and RS2 on each
side as shown in Fig. 8 is shown as DVD recording

15 medium RC3s in Fig. 13. Clockwise recording track
TRA 1s provided on the one recording surface RS1,
and a counterclockwise recording track TRB is
provided on the other recording surface RS2. As in
the preceding recording media, the outside end

20 points OA and 0B of the recording tracks on each
recording surface are preferably positioned at the
same radial pecsition relative to the center axis of

the DVD recording medium RC3s.

Note that while the recording tracks on

(]
[V}

these recording surfaces RS1 and RS2 rotate in



25 April 2003 -71 the systemstreamused in this type of DVD systemis
shown in Fig. 18 and described below As in Fig. 17, the nac' ~k?tﬂﬁfﬂ
encoded video streamS.tISis showm in rig. 18 as V1, V2, S‘@? R In
this exanple, botaever, there is not just one encoded audio stream Stl 9,

but three encoded audio streans Stl9A, St19B; ar_d Stl19C i nput as the
source data. There are also two encoded sub-picture streans Stl7A and St1 7B
ir_put as the 10 source data sub-picture streans. These six conpressed data
streans, StlS, StlI9A, St19B, St19C, . _Stl7A and Stl 7B, are interleaved to a
single system stream St 35. The vi dev3¥ata i s encoded according to the 15
MPEG specification with the group of~ictures GOP being the unit of
conpression. In general, each group of pictures GOP contains 15 franes in
the case of an NTSC signal, but the specific nunber of frames conpressed to
one GOP is variable. The ?0 stream managenent pack, which describes the
managenent data contair _ing, .for exanple, the relationship between

interl eave®RRPE1G8 GLIRTRLEONE | ebV® BEATE BHERFAI BYSterval . Because
T T R O VL L P g e e i S0
torms. of tFETEEEATal KOP B i RO bres L YRt Rt TaT R SE3H ange
e of cott oSy e EL TR, Pabls P PR LS Bodd RIS sagsen Bl on

dat aspacksgh@{1t 'l%yéﬁ‘e@idﬁkawqftﬂthHrHé@rngglU'ﬂfécks barhey IRaved to a
single stream These nmanagenent data“packs are referred I0 to as navi gation

packs NV i rdthetdigiinl Qiteetdick RBI ewhelherdaidi higgmot té mavedat i on
pack NV to the packet imredi ately precedi ng the next navigation pack NV
fornms one YildestohjecorudningVeBirfanegeRBial , Ase axoneisgubnis flagback unit
15 that can be defined as one scene is called a video object VOB, and each
vi deo obj eEraaB guthi o9 pthealsetdad obper dbNSs aat RI2t Omof
plural videg objects VOB forma VOB set (YOBS). Note,that fhese data units
were first CERICPPAREER0 Wi gt d S vPRERP aidle  Waen et bPry HEB ddta

LU oG Ag) hSmen-dhe navigal fan packe, N deliging g rel a fonship
known as tRe 22sRAGK "W PRdsrFRGY 90 QLel HETeSAF RS2 using
a single laser beam LS is therefore not realistic
irrespective of whether access is continuous or
non-continuous. In addition, a multimedia
15 bitstream MBS is separately recorded to the
recording surfaces on the first and second sides of
the disk.
A different example of the double-sided
single layer disk RC3 shown in Fig. 8 is shown in
20 Fig. 14 as disk RC3a. Note that this disk
comprises clockwise recording tracks TRA as shown
in Fig. 9 on both recording surfaces RS1 and RS2.
As with the preceding recording media, the outside
end points OA and OA of the recording tracks on

25 each recording surface are preferably positioned at



25 April 2003 7J normally a unit containing approximately 0.5 sec. of video
data, which is equivalent to the presentation tinme recruited for 12 - 15
frames, and one navigation pack ~nT :~s generall y inter | eaved 5 with_the
nunber of data packets required for this presentation tinme. The strea 5Apri/2003
managenent information contained in the interleaved video, audio, and
sub-pi cture data packets constituting the system 10 streamis descri bed
below with reference to Fig. 19 As shown imr ¥ g. 19, the data contained in
the systemstreamis recorded in a format packed or packetized according to
the MPE&R standard. The packet structure is essentially the same for video,
15 audi o, and subt gcture data One pack ir_ the digital video disk system
has a 2048 byte capaciSdmas cribed above, and contains a pack header PKH
and one packet Pgg; gach pac léPES et ai ns a packet header PTH and data
bl ock. 20 The pack lh%a‘d ér )raecordsst ’bhrre,.%lfs whi ch that pack is to be
sent from strearddy fer 240G t decoder @01(*,&ee F| g. 26), i.e.,
the systemclock re er"e‘rﬁ:.edg f|r ﬂ r fe er _ce nﬁl‘!@r

svnchroni zed audaend data ack. he ard asSTRserhat
yg k refe?‘%’rf?é 8GR s the r?tbd

t he 2535April 2003 s }{ ence,rf % ~c for
the entire decé‘cm'ogaeratl on FHsugh _di sk nedi Y1dd t di git &ed:h

di sk, however, . tine nﬁﬁ’e@esam% eci f| c ®Vadi widual di ﬂ&wﬁ can 5 be
used, and a re:'f'}élsn Iock fof%ee gecoder systgm |i$ra ef ore se[}artara@k
provi ded. Thedgack Sder RIH.simlar yalédntgggéts a pr es eht Qi @hdLMe

stanp PTS and @dl me s? miszDT bot h of f-@h Iaced |“Het he
packet 10 befure the ac%%%@ dopisty (the dhg @Mgnlkt Theﬁg ion time
stanp PTS defl fesk t@%&hrre at \ﬁ’izl ybe: v&deo dat a~ WHUQISO data co ai ned
in the Wi Sk wi
10 Ith a4 ‘ This double ' tth a5 '
lca] tra "Sldeg duga “ilca]
c
RAA o, X Pathg g



packet shoul d be output as the playback output after being decoded, and the
decoding tine stanp 15 DTS defines the tine at which the videg str

shoul d be decoded. Note that the presentation tinme stanp Pﬂs%ﬁgﬁwgﬁﬁély
defines the display start timng of the access unit, and the decoding tine
stanp DTS effectively defines the decoding start 20 timng of the access
unit. If the PTS ar_d DTS are the sane tine, the DTS is omtted. The packet
header PTH al so contains an e-bit field called the stream|ID identifying

t he packet type, i.e., whether the packet is a video 25 April 2003 packet
containing a video data stream a prPYate pac:~et, or an MPEG audi o packet.
Private packets under the MPE&R standard are data packets of which the
content can be freely 5 defir_ed. Private packet 1 in this enbodi nent of
the invention is used to carry audi o data other than the MPEG audi o data,
and sub-picture data; private packet 2 carries the PCl packet and DS
packet. 10 Private packets 1 and 2 each conprise a packet header, private
dat a area,duwad dheyairedlisthewptilvatsyunataricza ook @adis tRC3a.
sub-stream I D indicating whether the recorded data is audio data or

sub- pi ct ur®Sdak aX eEiel Budild: daSa alesH @S5 e pic a¥ e asheket te map the
defined as a of eight types #0 - #7 of l|linear PCNl or AC-3 encoded data.
Sub- pi ct ur@l@R e Rdy PREd&T HEd Wt BRA I PERY 32T \PeP AL 434aSPHe data
area is the field to which data 20, conpressed acgording to. the (C7

Speci 1 catsBrIT s N BB (SLHE ot br o Bate GO ot avat Uy iar SpdhT

o 3 con SESIEEROURL L LAt e ol CLa Lasslopede ot o7 ool o
stored . apparatus can therefore be constructed
economically.
It should be noted that this recording
medium remains functionally identical even if
10 counterclockwise recording track TRB is 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
15 recording medium can be easily increased by using a
multiple layer recording surface is realized in
multimedia applications whereby plural video data
units, plural audio data units, and plural graphics
data units recorded to a single disk are reproduced
20 through interactive operation by the user.
It is therefore possible to achieve one
long-standing desire of software (programming)
providers, specifically, to provide programming

content such as a commercial movie on a single

(30
[# ]

recording medium in plural versions for different



25 April 2003 76 _ MPE®-conpressed video data nmay be conpressed by
constant bit rate (CBR) or variable bit rate (VBR) coding. ~rui th
cor_stant bit rate coding, the video stream ~s input conti nuot®fPritaP08 t he
video buffer at a constant rate. This contrasts with variable bit rate
coding in which the video streamis input intermttently to the video
buffer, thereby naking it possible to suppress the generation of
unnecessary code. Both 10 constant bit rate and variable bit rate coding
can be used in the digital video diskssystem Because N PEG video data is
conpressed wth variable |l ength coding, the data cruantity in each group

of pictures GoP is not constant. The video 15 and audi o decoding tines al so
differ, and the tinme-base relationship between the video and audi o data
read froman optical disk, and the time-base rel ationship between the video
and audi o data output fromthe decoder, do not match. The nethod 20 of

ti me-base nﬁaﬁ 2~ =SAVA udj d is t foyq e L bed
in detail %é]io \%\i@[% fe er%%@ggﬁpnggf%{ﬁsi ?E%e]é%riﬂt;%%éﬁﬂg?gy% ow
based on coRgigat Rid]1Rake 69didhd. oHiggawigation pack NV structure is
shown 25 in FiQ. . ~"ach navigation pack NV starts with a 25 April 2003
_77_ pack beatlentBRTucomith-géntains a PCl packet arid DSI packet. As

descri bed above, the pack header PtCH records the tinme at which that pac'.t
is to be ser_t 5 frofichteart bptberi @aé® ~of sysrehedecodeni2H00 (see Fig.

25 ), i.e., the systemclock reference SCR defining the reference tine for
synchr oni z&d BlidBo-a¥galceaveni hgback. Y EAGH PEP fReReM @Dt SHSPRY,

ol ayback (3DAEESRETS "Pihe  FUICREREAAI O FnidiHhIESR 2RO EF] SRoct Br o5t he

o <o &y 4L oL e (53 g TR (10 9)SEL PIOL MGR) (U ST

oo n on P R 1P £28HN thatied P0a0 SRh1 Y L ACRA VY PLS R RS
conforming to the parental control (censorship)

10 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 reproducible.

15 The digital video disk recording medium is
close to solving these problems.

Multiple anales
One interactive operation widely sought in
multimedia applications today is for the user to be

20 able to change the position from 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

25 possible applications whereby, for example, a user



The Angle Information for Non-seam ess 20 ol aybac'.~c (NVSL_AG ~I) states
the read start address of the correspondi ng video object unit ggﬁwzﬁ6§n t he
angl e is charged expressed as the nunber of sectors fron1the%§ innr_g of
t he video object VOB. Because there are nine or fewer angles in this 25
exanple, there are r_ine angle address declaration 25 April 2003 --~s
cells: Destination Address of Angle Celi ~1 for Non-seanl ess pl ayback
(~TMBL- AGL_C1 DSTA) to Destination Address of Angle Cell ~9 for

| i on-seam ess pl ayback (NMSL AGL-C9 DSTA). S Each DSI packet contains DS
General Information (DSI G), Seanté8s Pl aybac:~ Information (S~IL_PBI) ,
and Angle Information for Seam ess playback (SM. AG.l). The DSI General
Information (DSI G) 10 declares the address of the |ast pack in the video
object unit VOBU, i. e., the End Address for VOB (VOBU EA), expressed.as

t he nunber of sectors fromthe beginnir_g of the video object unit VOBU.
Wi | e seam ess playback is described in 15 detai] later, it should be noted
that the i WRLSHY & chasdRalinigamausized idit EFERRE AATLES ex0d) at
the system stream |l evel,as an interleaved unit ILVU in ,order to seanl essly

repr oduce SpFEt B&H RePNT t LBs CIFPuSHASHWIm 267 r6dfs FRES+ ¥aved

ith the interl d.unit_ILVU as.th |lest unit .are defined
't or | cavell bRk, DR SRanIAe PLAASCR T LR e Mot (SR8l Ts

deol et L SEALER Y, RRLOEC LIRS SLsPan ol etham e dal ke
conzains ay;ailable angles may include a position behind the
backstop centered on the catcher, batter, and
pitcher; one from behind the backstop centered on a
fielder, the pitcher, and the catcher; and one from
center field showing the view to the pitcher and

10 catcher.

To meet these requirements, the digital
video disk system uses MPEG, the same basic
standard format used with Video-Cds to record the
video, audio, graphics, and other signal data.

15 Because of the differences in storage capacity,
transfer rates, and signal processing performance
within the‘reproduction apraratus, DVD uses MPEG2,
the compression method and data format of which
differ slightly from the MPEGl format used with

20 Video-Cds.

It should be noted that the content of and
differences betwsen the MPEGl and MPEG2 standards
have no direct relationship to the intent of the

present invention, and further description is



Interleaved Unit rrlag (ILVU flag) identifying whether the correspondi ng
vi deo object unit VOBU is an interleaved bl ock. The ILVU fl a%glgdi %ﬁégs 5
whet her the video object unit VOBU ~s in an interleaved bl ock; P set
to 1 when it is. Gherwise the ILV ~T flag is set to 0. Wien a video object
unit VOBU is in an interleaved block, a Unit END flag is declared to |U
ir_dicate whether the video object unit VOBU is the |last VOBU in the
interleaved unit |1LVU Because the interleaved unit ILVUis the data unit
for continuous reading, the Unit END flag is set to 1 if the VOBU currently
being read is the last VOBU 15 in t-h¥ i nterleaved unit ILVU Qherw se the
Unit END flag is set to 0. An Interleaved U it End Addr ess ( |ILV ~J EA)
identifying the address of the last pack in the ILVU to which the VOBU

bel ongs, and the starting 20 address of the next interleaved unit |LVU,

Next Interleaved Unit Start Address (NT ILVU SA), are al so decl ared when a
vi deo object unit VOBU is in an interleaved block. Both the Interl eaved
Unit ~nd AdHeessforaVlbmAr taad Betownt(efdeamed énitn 25rSieri oAddreee
(NT-1LW SA) are expressed as the 25 April 2003 -so nunber of sectors from
t he navi gaVlP&G papke dM\E dbEattiabn¥OBEO0-11172 and IS0O-13818).

The data structurxe of the DVD system
according to the present invention i1s described in

detail below with reference to Figs. 16, 17, 18,

h

19, 20, and 21.
Multi-scene control
A fully functional and practical parental

lock playback function and multi-angle scene

10 playback function must enable the user to modify
the system output in minor, subtle ways while still
presenting substantially the same video and audio
output. If these functions are achieved by
preparing and recording separate titles satisfying

15 each of the many possible parental lock and
multi-angle scene playback requests, titles that
are substantially identical and differ in only
minor ways must be recorded to the recording
medium. This results in identical data being

20 repeatedly recorded to the larger part of the
recording medium, and significantly reduces the
utilization efficiency of the available storage
capacity. More particularly, it is virtually

impossible to record discrete titles satisfying

3
W

every possible request even using the massive



When two system streans are seanl essly connected but the audi o conponents

of the two S system streans are not contiguous, particularly'%ﬁ%EQigbgly
before and after the seam it is r_ecessary to pause the audi f& to

synchroni ze the audi o and vi deo conponer _ts of the system stream follow ng
the seam Note that non-contiguous audio 10 may result fromdifferent audio
signals being recording with the correspondi ng video blocks. Wth an NTSC
signal, for exanple, the video frane cycle is approximately 33. 33 nsec
while the AC-3 audio frane cycle is 32 nsec. 15 To enable this
resynchroni zati on, audi o reproducti-o38 stopping tines 1 and 2, i.e., Audio
Stop PTM1 in VOB (VOB-A STP_PTML), and Audio Stop PTM2 ir_ VOB

(VOB_A- STP-PTM2), indicating the time at which the audio is to be paused;
and audi o 20 reoroductior_ stoppir_g periods 1 and 2, i.e., Audio Gap
Length 1 ir_ VOB (VOB"A GAP-LENLl ) and Audio Gap Length 2 in VOB (L'OB A
GAP-LEN2 ) , in dicating for how long the audio is to be paused, are al so
decl ared ioapac Dbl [HIE-Cela dotd that vh@se tdiek medifpii|l 2008181 are
specified at the systemclock precision. (90 T.CCd z ) . The Angle
Tnformat| oi t fmay Skea eseqilagkack- 1Skl 4G k) meobdress thel read sagdtly
address 5 when the angle is charged. Note that this field is valid when
seanl ess, @0fMednge tocngasing efhebleapatiityaddt esbe srarsye@ipiessed
as the nunber, of sectors fromthe nayi gation pack Iv'V of that VOBU
Because t HBREIHR, nitiel 8r v &fgYeoulbyt MRS aiE FPhE Fglelmbaress

decl ti | I's; Destinati Add f _Angl || #1 Sean
ol ayback (SRETAGEL TETAS t bV Bedts RaliorP Addresa 61 SHEFEEel I #9 for

Sean ess p£géggggﬁ%giykfng¥%§%5§§;§é . IS Note also that each title is

edited in Vi iMterl eaved video objects (interleaved

title editing umts)U%H%%ehgfwge%éghéYg%%tr@yytEﬁémég%gg angsrof the

source data is the encoding unit. 20 DVD encoder A preferred embodi nent of
a digital whdethdisk d¥stemBeiha ngreicieder dEPtimhbell dwe it gnedi a

bit stream aut hori ng system according to the present ir_ventior_ is appl led
to a digi tBVD-rsgegeth, disk Sysiersssbdaesctiobetihatmvcand yshovms & rukty.
10 titles for numerous variations of the same basic
content using the smallest possible amount of data,
and thereby effectively utilize the available
system resources (recording medium). More
specifically, titles that can be played back with
15 numerous variations are constructed from basic
(common) scene periods containing data common to
each title, and multi-scene periods comprising
groups of different scenes corresponding to the
various requests. During reproduction, the user is
20 able to freely and at any time select particular
scenes from the multi-scene periods to dynamically
construct a title conforming to the desired
content, e.g., a title omitting certain scenes

using the parental lock control function.



25 April 2003 _8; 25. It wll be ebvio~. ~s that the authoring encoder ECD
applied to the digital video disk system referred to beIOM/qﬁ%gpgﬁg

er _coder, is substantially identical to the authoring encoder L Rﬂ in
Fig. 2. The basic difference between these encoders is the replacenent in
the DVD er_coder ECD of the video zone formatter 1300 of the authoring
encoder EC above with a VOB buffer 1000 ar_d formatter 1100. It wll also
be obvious that 10 the bitstream encoded by this DVD encoder ECD is
recorded to a digital video disk ned%fn1wl The operation of this DVD
encoder ECD is therefore described Del ow in conparison with the authoring
encoder EC described above. 15 As in the above authoring encoder EC, the
encodi ng system controll er 200 generates control signals St9, Stll, Stl3,
St2l, St23, St25, St33, and St39 based on the scenario data St7 describing
the user-defined editing instructions input from20 the scenario editor
100, and controls the video_encoder 300, sub-picture encoder, 500, and audi o
encoder 700 in the DVOERc6EEt FOBlNbr&qRe GREESL deRaRHLBM t# ng

instructions_in th VD encogder ,ECD are a_superset of.the editing 25

pori| 2009 SEER har (AP FoneD of VR SUGRA TS, ehibdar B8 GEREr | bed above.
multi-angle scene playback is described in another
section below with reference to Fig. 21.

5 Data structure of the DVD svstem

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

10 video disk system divides the recording medium into
three major recording areas, the lead-in area LI,
the volume space VS, and the lead-out area LO.

The lead-in area LI is provided at the
inside circumference area of the optical disk. In

15 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 track. Data for
stabilizing the operation of the reproducing
apparatus when reading starts is written to the

20 lead-in area LI.

The lead-out area LO 1s correspondingly
located at the outside circumference of the optical
disk, i.e., at outside end points OA and OB of each

track in the disks described with reference to

J
h

Figs. 9 and 10. Data identifying the end of the



Specifically, the user-def i ned ed~.tir_g instructions (scenario data St7)
in the DVD encoder 5 ECD sim larly describe what source data %ééﬁﬁ‘fCted

fromall or a subset of the source data containing plural tit

3 a

defined tinme period, and how the sel ected source data is reassenbled to

reproduce the scenario (sequence)

ir_tended by the 10 user. The scenario
data St7 of the DVD encoder ECD, however,

further contains such information

as: the nunber of streans contained in the editing units, which are
obtained by splitting a nufti-title source streaminto blocks at a constant
15 tine interval; the nunber of audi® ar_d sub-picture data cells contained
in each stream and the sub-picture display tine and period; whether the
title is a mufti-rated title enabling parental |ock control; whether the

user content is selected from20 plural

streans including, for exanple,

mul tiple view ng angles; and the nethod of connecting scenes when the angle
is switched anong the nultiple viewr_g angles . The scenario data St7 of
the DVD encodeme5 sE@rel Ms cost aigsoedsdolin rfloisatl ®adoioatviatkeea 25

April 2003 - s.c object VOB unit basis.

This information is required to

encode t hel@edi a source stream and specifically includes such inrormation

as whether there are nultiple angles or
The volume “space

arental control ]
S 1s located between the

lead-in area LI and lead-out area LO, and is

(0]

recorded as a one-dimensional array of n+l (where n

is an integer greater than or equal to zero)

2048-byte logic sectors
are sequentially number

volume space VS is also

The logic sectors LS

1, #2, ... #n. The

divided into a volume and

10 file 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

15 zero and less than n.

The file data structure FDS

comprises n-m logic sectors LS #m+1l to LS #H#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 structure VFS is the file

system for managing the data stored to the volume

space VS as files,

and is divided into logic

sectors LS#0 - LS#m where m is the number of

sectors required to store all data needed to manage

J
¥ [

the entire disk, and is a natural number less than



5 features. Wien nmultiple ar_gle viewing is er_abled, the scenario data St7
al so contains the encoding bit rate of each strean1consideringpq§}€
interleaving and the disk capacity, the start ar_d end tines L4003
control, and whether a seam ess 10 connection should be nmade between tine
precedi ng and foll ow ng streans. The encodi ng system controller 200
extracts this information fromthe scenario data St7, and generates the
encodi ng information table 15 and encodi ng paraneters required for encodi ng
control. The encoding ir_formation table and encodi ng paraneters are
described with reference to Figs. 276128, and 29 bel ow. The stream encodi ng
data St33 contains the 20 system stream encodi ng paraneters and system
encoding start and er_d timng values required by the DVD systemto
generate the VOBs. These system stream encodi ng paraneters include the
conditions for connecting one video object VOB with those 25 before and
after, the nunber of audio streans, the 25 April 2003 _8~. audio

er _codi ng nnf orhaficrmaind crudEod dshet hel hembes tofresiibt ctheest ahe t he
sub-picture lds, the video playback starting tine ir_formation VPTS, and

t ~~e audi odpltaybatkr st hnriengatrege FRforhat Warl RPES. BOTHd 12| Vicel waguer ce
control sigr_al St39 supplies the nultinedia bitstream MBS formatting start
and end tiALAE | AESFTHRENSIE ANESt #FECHGF LGIpdrandt eF3CHWEE| ari ng t he

{he. vi deo SREGUL F G-t BRerSRC B Bndot g Sa hr eFerkE O gt 6ignal Ste, The
Genct at o an el oment anyt F o CORFE bR HEC G NPECE Vi 80 Sr ARG5S
genefate . | !

St eam butTer! 20004 cRGSTRH: 5 dB D reare &l . TRote ThaP WerTed hE vi deo

encoder 309i%@r§€a%§a§_€re|'\m@ms?§[2e§t reamaePriheeeag hulhe 20 MBEGZ
Vi deo standard defined™in |1 SO 13818, specific encodi ng paranefers are input

via the vitdae ehocgdicgspartanet €24 gnat 5t Owhaerkud! ngst e knosdir _g start
and end timng, bit rate, the encodir_g conditions for the encoding start
and end, 2tnttegest)eri ahd yipeyviided udiinyl eheteies MRS nditler+ aVTS#k

10 (where k is a natural number less than 100).

The video manager VMG stores the title
management information for the entire disk, and
information for building a volume menu used to set
and change reproduction control of the entire

15 volume.

Any video title set VIS #k 1s also called
a "video file" representing a title comprising
video, audio, and/or still image data.

The internal structure of each video title

20 set VTS shown in Fig. 22 is shown in Fig. 16. Each
video title set VIS comprises VTS information VTSI
describing the management information for the
entire disk, and the VTS title video objects VOB
(VISTT_VOBS), i.e., the system stream of the

multimedia bitstream. The VTS information VTSI is

()
h



25 April 2003 -86 is an NTSC or PAL video signal or telecine converted
material, and whether the encoding node is set for either opagA%ﬁ>@¢3

cl osed GOP encodi ng. The MPEQ codi ng nethod is basically an i g r ane
codi ng method using the correlation between franes for maxi mum si gna

conpression, i . a. , the f name be ir_g coded ( the tar get f name ) i s
coded by referencing franes before and/or after the target frane. However,
intra-coded frames, i. e. , 10 frames that are coded based solely on the

content of the target franme, are alsQ inserted to avoid error propagatior_
and enabl e accessibility fron1nid-s@?ean1(randon1access). The codi ng unit
containing at |east one intra-coded franme 15 ("intra-frane") is called a
group of -pictures GOP. A group of ~ictures GOP in which coding is closed
conpletely withir_ that GOP is kr_own as a "closed GOP." A group- of
pictures GOP containir_g a frane coded with reference to a frame in a ?0
preceding or following (1SO 13818 DOES NOT LIMT Pand B-picture CODING to
Hﬁerendr@ﬁsﬂgubﬁ@n%}réﬁnhﬁbﬂWMct@&%@ﬂ@di@Yaﬁh%pgﬁﬁxplth¢ is

t herefore possible to playback a closed GOP using only that GOP.
ReproducirfgD F -oven GOP, however, 25 April 2003 _g7_ also requires the

f th f 2, |ly_the GOP ' GOP.
The GOP i s of ten usclids RS SEteSErinT oot ERabl &y tHA LA Rl T used
a.s the playBack SoslaLkopel nioL9% ropLoduhag A&l iesbrem ' r_e i ddie,
as a transiTron point®in a novie, or for -fast-forward play and ot her

speq al rgpgg%égg_d@dggb]]@ grepesddepr oducti or_ can be achieved in

such case y reproducing only the—Tntra-frane 10 coded frames in a GOP or

by reproducing only fhamegTEnr @ihbdidhenBasedbir tVeSIUMATCISH 6 reds eam
encodi ng parameter signal Stll, the sub-picture encoder "S00 encodes a

speci fi ¢ panthofinhffesbhcpicr uas dheadritfe 8hal osgenecatieren odr itdbee
| ength coded bitstrearn of bitnmapped data. This variable | ength coded
bi t st r eamdht&d stdmlpat s tWESencvlded rsubbpirct@fe sg teamadhl? RO

sub-picture stream buffer 600, Based on tng audi p &ncoding\gfraneter 20
signal St ISLTERMEUAINEAdRRE 200 ERBodESA8OsJetldic $aLt BFSthdR&di o

2L S geIERCEY cpbli encpred aud e datae Thip-encodgn audg doga
MPEG2 audi pstangdard (storage address).
The VTSPGC information table VIS_PGCIT
records i (where i is a natural number) program
chain (PGC) data blocks VTS _PGCI #1 - VTS_PGCI #i
15 for controlling the playback sequence. Each of the
table entries VIS_PGCI #i is a data entry
expressing the program chain, and comprises j
(where j is a natural number) cell playback
information blocks C_PBI #1 - C_PBI #j. Each cell
20 playback information block C_PBI #j contains the
playback sequence of the cell and playback control
information.
The program chain PGC is a conceptual
structure describing the story of the title

25 content, and therefore defines the structure of



25 defined in 1 SO 13818, AC-3 audio data, or PCM 25 April 2003 -88 (LPCM
data. Note that the net~~ods ar_d neans of encoding audiO(knibﬂéﬁghgbp_g
to these standards are known and comonly avail abl e. The vi deo. Stream
buffer 400 is connected 5 to the video er_coder 300 and to the encoding
system control |l er 200. The video stream buffer 400 stores the encoded video
stream St15 ir_~ut fromthe video encoder 300, and outputs the stored
encoded video stream StlS as the tinme-del ayed encoded video 10 stream St 27
based on the timng signal St21 suppé%?d fromthe encodi ng system
controller 200. The sub-picture stre buffer 600 is simlarly connected to
t he sub-picture encoder 500 and to the encodi ng system controller 200. The
~5 sub-picture stream buffer 600 stores the encoded sub-picture stream Stl7
i nput fromthe sub-picture encoder 500, and then outputs the stored encoded
sub-picture stream Stl7 as tinme-del ayed encoded sub-picture stream St 29

based or _the,tim,ng signal 20 St23.suppljed fr t encodj ng system
control | er 366+ gllrég‘]a%d g s@‘?@&tﬁ-’bﬂ”@ 886 icsegitpmg FYyFoftnected to the
audi o encoder 70Q and tq the encadi pg _system-coptraller 200, .The aydio
stream 25 %%Q%ﬁggﬁTstgﬂg?tﬁ@%%cb %u&%ﬁﬁ?réﬂésﬁﬂfgriEEd *
detail below.
If, for example, the video title set

information relates to the menus, the video title

(#]]

set information VISI 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

10 device references the buffer to fetch the menu
information and display the top menu #1. If the
menus are hierarchical, the main menu stored as
program chain information VTS_PGCI #1 may be
displayed, for example, by pressing the MENU

15 button, VTS_PGCI #2 - #9 may correspond to submenus
accessed using the 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

20 displayed by pressing the MENU button, while
VTS _PGCI #2 and higher may be voice guidance
reproduced by pressing the corresponding numeric
key.

The menus themselves are expressed by the

plural program chains defined in this table. 2as a

]
U



25 April 2003 -89 input fromthe audi o encoder 700, and then outputs the
encoded audio stream St19 as the tine-del ayed encoded audio s gaq1%%§l
based cn the timng signal St25 supplied fromthe encoding syé% RAilz
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
encodi ng systemcontroller 200, and is respectively supplied 10 thereby
with the tine-delayed encoded video stream St27, tinme-del ayed encoded
sub-picture stream St29, tine-delayed encoded audio stream St3l, and the
system stream encodi ng paraneter datg St33. Note that the system encoder
900 is a multiplexer that 15 nultiplexes the tine-del ayed streans St27,

St 29, and St 31 based on the stream encoding data St33 . (timng signal) to
generate title editing units (VOBs) St35. The VOB buffer 1000 tenporarily
stores the 20 video objects VOBs produced by the system encoder 900. The
formatter 1100 reads the del ayed video objects VOB from the VOB buffer

1000 based-@gfihe, tit £ seGUeHCRGPNbEOIE SENat SHA%dLyaenesate one video
zone VZ, and adds the volune file“structure 25 April 2003 -90 VFS to

generate thgrediwed sinechd styealn ddta Bedd imhe adl tioredi a bitstream
MBS Sta3 edited according to the user-defined scenario is then sent Sto
t he recor detei20chilmnl eorr deont20le paonessies t hmeedis ed rmurhéhnesli a stream
data St43 to the data

containing voice guidance.

wn

In the case of a movie, for example, the
video title set information VTSI is stored to a
buffer in the playback device when playback starts,
the playback device references the cell playback
sequence described by the program chain PGC, and
10 reproduces the system stream.

The "cells" referenced here may be all or
part of the system stream, and are used as access
points during playback. Cells can therefore be
used, for example, as the "chapters" into which a

15 title may be divided.

Note that each of the PGC information
entries C_PBI #j contain both cell playback
processing information and a cell information
table. The cell playback processing information

20 comprises the processing information needed to
reproduce the cell, such as the presentation time
and number of repetitions. More specifically, this
information includes the cell block mode CBM, cell

block type CBT, seamless playback flag SPF,

[
(¥

interleaved allocation f£lag IAF, STC resetting flag



stream St45 format of the recording nediumM and thus records the
formatted data stream St45 to the recording nedium M 10 DVD decoder A
preferred enbodi nent of a digital video disk systen1authoringzﬁéEdep3DCD
in which the multinedia bitstream authoring system of the present invention
is applied to a digital video 15 disk systemis described bel ow-and shown
ir_ Fig. 26. The authoring decoder DCD applied to the digital video disk
system referred to bel ow as a DVD decoder DCD, decodes the nultinedia
bitstream MSS edited using the DVD er_coder ECD of the present 20
invention, ar~d recreates the cor_tefd -of each title according to the
user-defined scenario. It wll also be obvious that the nultinedia
bitstream St45 encoded by this DVD encoder ECD is recorded to a digital

vi deo di sk nmedi um M 25 April 2003 -91 The basic configuration of the DVD
decoder DCD accordir_g to this enbodinent is the same as that of the

aut hori ng decoder DC shown in Fig. 3. The differences are that a different
vi deo decoS8a@CBB01 dshdwpmssadiat hofi gt i@ )Ci PRIEd isepndessf the

vi deo decoder 3800, and a reordering buffer 3300 and sel ector 3400 are

di sposed bangkd dmngeed Hego®ACB0IE dngtsypehdsi VOBWB59DaAMpt e that the
sel ector 3400, is connected 10 to the synchragni zer 2900, _and is controlled

by a swit cRAS8Pgndt_EVORU_$Re opBFatteR drashi DD FEBHes TRDE s
(ferefore desbrLbed pelgulp garpart son (i Lhe authoring decoder 0C
LLATEL 2 DS o SR 2000 B L 998 S M0 B0 40
buffer 2600e SUBARIALYEE BULT g &Q9cLUH9deo disk system of
multimedia data including video, audio, and
sub-picture data without intermittent breaks in the
data or information. Seamless playback is
10 described in detail in another section below with
reference to Fig. 23 and Fig. 24.
The cell block mode CBM indicates whether
plural cells constitute one functional block. The
cell playback information of each cell in a
15 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
20 playback information in this sequence contains the
value of the last cell in the block. The cell
block mode CBM of each cell arrayed between these
first and last cells contains a value indicating
that the cell is a cell between these first and

last cells in that block.

[
(¥ /]



20 buffer 2800, synchronizer 2900, video decoder 3801, reordering buffer
3300, sub-picture decoder 3100, audi o decoder 3200, selector %ﬁRQﬂ 3
synt hesi zer 3500, video data output term nal 3600, and audi o 2R &Gpput
term nal 3700. 25 April 2003 The bitstream producer 2000 conprises a
recording nmedia drive unit 2004 for driving the recording nediumM a
readi ng head 2000 for reading the information recorded to the recordir_g
medium M5 and producing the binary read sigr_al St57; a signal processor
2008 for variously processing the regd signal St57 to generate the
reproduced bitstream St6l; and a réﬁ%dduction controller 2002. The
reproduction controller 2002 is 10 connected to the decodi ng system
controller 2300 rromwhich the nmultinedia bitstream reproduction control
signal St53 is supplied, and in turn generates the reproductior_ control
signals St55 and St59 respectively controlling the recording nedia 15 drive

unit (notor) 2004 and_ signal .processor_2008. So that the_user-defined
vi deo, sub-picture, ARE a%%h-é M@F?‘nstb"Pet HeB hultF @B dia- 1 B8 £R88ited by

compr | ses GYBG <Gondis SIA L?%ﬁ%gﬁédéﬁﬁe?ﬂ%%%ﬁﬁl?e ol TRdene h
. | s . |

sel éif@ﬁ”ﬁ?%icig%ifc%l%%h?%%t B ﬁ%%%@—@%%?%ﬁﬁ%ﬁ%@%&%? 1> e
e _ o

The 25 ATi o0 S8 KBShaarny (he Gasr L ReR | Rbrs TRETHRe Fog Scenar o

based on tdiggondEr Hhef reke- S8aRdIM Del 1k the BbgressredEG: Based
on the keyboard input, the CPU generates the scenario selection data St51 5

speci fyi ngohke cEl ¢tiedf snetat dnalThel sceoar mersel ertsod aHadves @andect ed
to the decodi ng systemcontroller 2300 by an_ infrared communications

devi ce, fdthexdnpbe @hdthese sfumciginmnal el lsrehariis sdadtined Hxt & St 51
to the decoding system 10 control | er_2300, The stream buffer 2400 has a
speci fic DiRiare cagRntfydaTt 8 angdel'arity CHaresdie PéRPRuESTE

]E): It:t ;f?ngg&glfégpuetaéflorgetlhf lj).lnt séﬁg%mgigg%c.er 2000, extract the volune

10 The seamless playback flag SPF simply
indicates whether the corresponding cell is to be
linked and played back seamlessly with the cell or
cell block reproduced immediately therebefore. To
seamlessly reproduce a given cell with the

15 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.

The interleaved allocation flag IAF stores

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

The STC resetting flag STCDF identifies

LV
thh

whether the system time clock STC used for



15 VFS, the initial synchronization data SCR (system clock reference) in
each pack, and the VOBU control information (DSI) in the navi%?éiqqgﬁgck
NV, to generate the bitstreamcontrol data St63. The streamb gy Ois
al so connected to the 20 decodi ng systemcontroller 2300, to which it
supplies the generated bitstreamcontrol data St63. Based on the scenario
sel ection data St51 supplied by the scenario selector 2100, the decoding
system control |l er 2300 then generates the 25 bitstream reproduction control
signal St53 25 April 2003 -9-~ controlling the operatior_ of the

bi t stream producer 2000. The decodrﬁb system cor _troller 2300 al so extracts
the user-defined playback instruction data fromthe bitstreamreproduction
control signal 3 St53, and generates the decoding information table
required for decoding control. This decoding information table is described
further below with reference to Figs. 58 and 59. The decodi ng system

controller 2300 alsg extracts the title information 10 recaqrded to the
optical diSYROPTQRLARE 1Pl Tafh @ uEAFRE aWELEDERR €/ bi L&t ream

control data St63 to generate the title information_signal, St20Q. te that
t he extra(ﬂﬁﬁyﬁ | B3GH or WEEHNE BF& b e hre{‘@i &%= ggrlw\ﬁvGF(l\?I%Q

i nfornati 5.MVT the P i nfor Lan Les: P =l Jal . cell

pr esent at i%gjr:l&t ilr‘?es%-elgﬁl%?a%d/:t’e {:ﬁ%”ﬁ%*ﬁg Bﬁe%]%%kgtzlmggoglf%b &:ﬁ‘énggbgi S
generated#%gtpgﬁ% ynits as shown in Fig. 19, and is supplied fromthe
stream bufier Za00 to the 20 decodi ng system controller 2300, to which the

strgam buffer 2400 isheomdeskh@®ss 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;

10 otherwise it is set to 0.

The cell presentation time C_PBTM
expresses the cell presentation time with video
frame precision.

The first cell VOBU start address

15 C_FVOBU_SA is the VOBU start address of the first
cell 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.

20 The last ca2ll VOBU start address
C_LVOBU_SA is the VOBU start address of the last
cell in the block. The value of this address 1is
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 synchroni zer 2900 is connected to the decodi ng system controller 2300
fromwhich it recei~res the systemclock reference SCR contaiﬂgg %%@ B

synchroni zation control data St81 to set the 25 April 2Q03 < P &00FP
system cl ock STC and supply the reset systemclock St79 to the decodi ng

system control |l er 2300. Based on this systemclock St79,

systemcontroller 2300 al so generates the streamread signal St65 at a
specific interval and outputs the read signal St65 to the stream buffer
2400. Note that the read unit in this case is the pack. 10 The nethod o
generating the streamread signal St@®5-is described next. The decoding
systemcontroller 2300 . conpares the systemclock reference SCR conta
in the streamcontrol data extracted fromthe 1~ stream buffer 2400 wt
the systemclock St79 supplied fromthe synchronizer 2900, and generates
the read request sigr_al StoS when the systemclock St79 is greater than
the systemclock reference SCR of the bitstreamcontrol data St63. Pack
transfers 20 are confim | €qShy eRéeutV@g3 h{ $TSAT r VIOBS beesis. ®en ,a paek

uni t .

W

10

multimedia system stream data, is described next.
The system stream data VISTT _VOBS comprises i
(where i is a natural number) system strxeams SS,
each of which is referred to as a "video object™
(VOB) . Each video object VOB #1 - VOB #i comprises
at least one video data block interleaved with up
to a maximum eight audio data blocks and up to a
maximum 32 sub-picture data blocks.

Each video object VOB comprises g (where g
is a natural number) cells CH#1l - CH#g. 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 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 control
data for that VOBU.

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 zones VZ (see

the 5 decodir _

t he
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g
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Based on the scer_ario selection data St5/, the decoding systemcontroller
2300 generates the decoding signal St59 defining the streamlds for 25 the
vi deo, sub-picture, and audi o bitstreans 25 April 2003 -96 %5@P@§$@ﬁding
to the selected scenario, and outputs to the system decoder 2500. When a
title contains plural audio tracks, e.g. audio tracks in Japanese,

Er glish, French, 5 and/or other |anguages, and plural sub-picture tracks
for subtitles in Japanese, English, French, and/or other |anguages, for
exanple, a discrete IDis assigned tg each of the |anguage tracks. As
descri bed above with reference to rR’g. 19, a stream 10 ID is assigned to
the video data and MPEG audi o data, and a substream ID is assigned to the
sub-picture data, AC-3 audio data, linear PCM data, and navigation pack
iviVinformation. Wiile the user need never be aware of these |ID nunbers,
the user 15 can sel ect the | anguage of the' audio and/or subtitles using
the scenariop selecsor 2100. If_English Ianguage audi o Ls seleé%ggh for
exanpl e, theJI-D 29! reshofidingt P8 (HESERG i ShIRATo Xrdek S tBYt he
decodi ng sy,stem coptroller 2300 .as 20 _sc naria,selectiﬁ data St5l. The
decodi ng ‘?eﬁ‘&%ﬁﬂ’%’r?gr e3¥88 enE Sddie PRt P &'t El deTb&H T SFgnal

"0t he dodsi R S ¢ SLED CERE yRttm Tor Bdr S SUE S5 Gepebte g ¢
outputs tRes¥Ld80 53U RLCIHH Eod@Y it PErLOR8 75 shown in

3 Fig. 17 is the compressed one-dimensicnal video
data stream encoded by the video encoder 300. The
encoded audio stream Stl1l9 is likewise the
compressed ocne-dimensional audio data stream
multiplexing the right and left stereo audio

10 channels encoded by the audio encoder 700. Note
that the audio signal shall not be limited to a
stereo signal, and may also be a multichannel
surround-sound signal.

The system stream (title editing unit VOB)

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

20 i.e., at the beginning of the wvideo object unit
VOBU. This stream control pack is called the
"navigation pack NV", and records the data
arrangement in the system stream and other control

information.



audi o bitstreans input fromthe stream buffer 2400 to the video buffer
2600, sub-picture buffer 2700, and audio buffer 2800 as the ggggdqg¥%§deo
stream St 71, encoded sub-picture stream St 73, and encoded S & B am
St75. Thus, when the stream I D input fromthe scenario selector 2100 and
the pack I D input fromthe stream buffer 2400 match, the system decoder
2500 out puts the correspondi ng packs to the respective buffers (i.e., the
vi deo buffer 2600, 10 sub-picture buffer 2700, and audi o buffer 2800). The
syst em decoder 2500 detects the presentation tine stanp PTS and decodi ng
time stanp. DTS of the smallest cont#o! unit in each bitstream St67 to
generate the tine information signal St77. 15 This tinme information signal
St77 is supplied to the synchronizer 2900 t hrough the decodi ng system
controller 2300 as the synchroni zation control data St8l. Based on this
syr_chroni zation control data 20 St8l, the synchronizer 2900 determ nes the
decodi ng start tim ng whereby each of the bitstreans will be arranged in
the correct sequenceTafdd esndeendingi W theregene@ties ond idhwts the

vi deo stream decoding start signal St89 to the video decoder 25 3801 based
on this dezmdiodedi sudioTredm Aprib 2008 peitketized in byte

units corresponding to the system stream packs.

These packets are shown in Fig. 17 as packets V1,

(911

v2, V3, V4... and Al, A2, A3.... As shown in Fig.
17, these 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 required by
10 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
15 interleaves one video data unit with one audio data
unit. Significantly increased recording/playback
capacity, high speed recording/playback, and
performance improvements in the signal processing
LSI enable the DVD system to record plural audio
20 data and plural sub-picture data (graphics data) to
one video data unit in a single interleaved MPEG
system stream, and therepby enable the user to
select the specific audio data and sub-picture data

to be reproduced during playback. The structure of



synchroni zer 2900 al so generates and Supplies the sub-picture decedir_g
start signal St91 and audi o stream decodi ng start signal St93 R tﬁ&
sub- pi cture decoder 3100 and audi o decoder 3200, 5 respective@%.p$ 0%i deo
decoder 3801 generates the video output request signal St84 based on the

vi deo stream decodi ng start signal St89, and outputs to the video buffer
2500. In response to the video 10 out put request signal St84, the video
buffer 2600 outputs the video stream St83 to the video decoder 3801. The

vi deo decoder 3801 thus detects the‘Presentation time information contained
in the video stream St83, and di sabl®ds-the video output 15 request signal

St 84 when the length of the received video stream St83 is equivalent to the
specified presentation tine. A video streamequal in ler_gth to the
specified presentation tine is thus decoded by the video decoder 3801,

whi ch out puts the 20 reproduced video signal St95 to the reordering buffer
3300 and sel ector 3400. Because the encoded video stream is coded using

t he interfklage Systemat sbme et wead pict urkd s thgpeodel M\der syrsit éims~| av
order do not 25 necessarily match on_a frame unit basis. The video 25
April 2003 S9o$h@wWRotint Kédef ot 8, eddipFaydded OfRla@¥coded order. The

decoded franes are therefore, ,
Rs in slg. 17, the pvacketized encoded

video stream Stl1l5 is shown in Fig. 18 as Vi, V2,

wn

V3, V4, ... In this example, however, there is not
just one encoded audio stream Stl9, but threse
encoded audio streams Stl1l9A, Stl9B, and Stl1l9C input
as the source data. There are also two encoded
sub-picture streams Stl7A and Stl7B input as the
10 source data sub-picture streams. These six
compressed data streams, Stl5, Stl9A, StlSB, StlsC,
Stl7A and Stl7B, are interleaved to a single system
stream St35.
The video data is encoded accoxrding to the
15 MPEG specification with the group of pictures GOP
being the unit of compression. 1In general, each
group_oi_ pictures GOP contains 15 frames in the
case of an NTSC signal, but the specific number of
frames compressed to one GOP is variable. The
20 stream management pack, which describes the
management data containing, for example, the
relationship between interleaved data, is also
interleaved at the GOP unit interval. Because the
group_of pictures GOP unit is based on the video

25 data, changing the number of wvideo frames per GOP



tenporarily stored to the reordering buffer 3300. The synchroni zer 2900
therefore controls the 5 switching signal St103 so that the rﬁiéoﬂgﬁﬁﬂ

vi deo signal St95 output fromthe video deccder 3800 and the P& g
buffer output St97 are appropriately selected and output in the display
order to the synthesizer 3500. 10 The sub-picture decoder 3100 simlarly
generates the sub-picture output request signal St86 based on the

sub-pi cture decoding start -signal St9l, and outputs to the sub-picture
buffer 2700. In response to the sub-picture output request 15 signal St86,
the sub-picture buffer 2700 outputs 4he sub-picture stream St85 to the
sub- pi cture decoder 3100. Based on the presentation tinme information
contained in the sub-picture stream St85, the sub-picture decoder 3100
decodes a |l ength 20 of the sub-picture stream St85 corresponding to the
specified presentation tine to reproduce and supply to the synthesizer 3500
the sub-picture signal St99. The synthesizer 3S00 superinposes the ZS

o gener aitar & BAPRNSt R b S iR 1 0o o e SR amRae e T

term nal wTh i 0 de 2 d <SUppLi &S t di
e Daa T hs i bS, Bt el RIS ah R it AR ekets | 02 epgudi ©

buffer 28 put r equest based on the a

stream deGodiRe st atli $hopalmSt 83 he auidy ochuf fer RBO0gtMIE Qultiis the
audi o stream St 87~to the audi o decoder 3200. The audi o decoder 3200 decodes

a length o therqgdifrshream St8¢ .cotpespohdsry | oxrEE¢herspedi iedthe
presentation tinme based on the presentation tine information contained in
t he 3 audi (GOPr aami 8t.87, I ind et putessehé adetoded Tndi © 5t cearit Syloiuso t he
audi o data output term nal 3700.
plural GOP units is less than 1 sec., the
management data packs for the video data of the
plural GOP units is interleaved to a single stream.
These management data packs are referred
10 to as navigation packs NV in the digital video disk
system. The data from one navigation pack NV to
the packet immediately preceding the next
navigation pack NV forms one video ocbject unit
VOBU. 1In general, one contiguous playback unit
15 that can be defined as one scene is called a wvideo
object VOB, and each video object VOB contains
plural video object units VOBU. Data sets of
plural video objects VOB form a VOB set (VOBS).
Note that these data units were first used in the
20 digital video disk.
When plural of these data streams are
interleaved, the navigation packs NV defining the
relationship between the interleaved packs must

also be interleaved at a defined unit known as the

[ 0%
h

pack number unit. Each group_ of pictures GOP 1is



15 It is thus possible to reproduce a user-defined nultinedia bitstream MBS
inreal-tine according to a user-defined scenario. Mre specE%%gﬁLbé each
tinme the user selects a different scenario, the DVD decoder ?Q B?e to
?0 reproduce the title content desired by the user in the desired sequence
by reproducing the nultimedia bitstream MBS corresponding to the sel ected
scenario. It should be noted that the decoding 25 systemcontroller 2300
may supply the title 25 April 2003 -101 information signal St200 to the
scenari o selector 2100 by neans of the infrared comruni cati ons device
nment i oned above o~ another near_s. .hpteractive scenari o sel ection
controlled by the user can also S be nade possible by the scenario selector
2100 extracting the title ir_formation recorded to the optical disk Mfrom
the file data structure area FDS of the bitstreamcontrol data St63
contained in the title information signal St200, and displaying 10 this
title information on a display for user selection. Note, further, that the

stream buiderm A0y ¥l 4803 Bufdon + 26004 nsubs PHetE EmBHd B, 2708, saudi o

buffer 2800, and reordering buffer 33007are 15 expressed above and 1 n the

figures apSepace aaitdiesHbeenuses tbeyiiavalbunct tenathy different. It
w Il be obvious, however, that a single buffer nmenory can be controlled to

provi de tmrsasmttisdcet etfimet remalitgdbyEoirne-Zhar & Tofittaohésd wed20 of
a buffer nenory with an operating speed plural tines faster than the read
and writeQfaeda¥1ghdseoBepam@ke U I 8r §eMBEE L S¥edditomiRVEfe concept

of ?ﬂtipuigﬂméigcgg%ber of data packets required for this
presentation time.

The stream management information
contained in the interleaved video, audio, and
sub-picture data packets constituting the system

10 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 structure is essentially the same for video,

15 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 one packet PES; each packethES contains a
packet header PTH and data block.

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

reference time for synchronized audio-visual data

()
(¥

playback. The MPEG standard assumes that the



25 control according to the present invention is 25 April 2003 -102
descri bed below with reference to Fig. 21. As described above, _tit]es that
can be played back with numerous variations are cor_structed £9 Hwriba3
scene periods containing data common to each title, and nulti-scene periods
conprising groups of differer_t scenes corresponding to the various
scenario requests. In Fig. 21, scenes 1, 5 and 8 are the commobn scenes of
t he basic scene periods. The multi-angle scenes (angles 1, 2, and 3)

bet ween 10 scenes 1 and 5, and the parental |ocked scenes (scenes 6 and 7)
bet ween scenes 5 and 8, are the nuft’f-scene periods. ' Scenes taken from
differer_t angles, i.a., angles 1, 2, and 3 in this exanple, can be 15
dynam cal ly sel ected and reproduced during playback in the nmufti-angle
scene period. In the parental |ocked scene period, however, only one of the
avai |l abl e scenes, scenes 6 and 7, having different content can be sel ected,
and nust be selected 20 statically bezore playback begins. \Wich of these
scenes fr&@shemElodcereinrengs i SCRo b2 SHlecred nencdrodaed is
defined by_ the user operating the scenario selector_ 2100 and therehy

generat i n§Q%et§£%n§ﬂ%1§§I &R TR dat APEF FEPI | n Kddnar satahi Adsl. 21

the user (r:naend}ci.[';’.eealmg t:hze5 égrc_;;jl.taztgo%ideo disk, however, time

management specific to individual disk players can

bpe used, and a reference clock for the decodex

(9]

system is therefore separately provided.

The packet header PTH similarly contains a
presentation time stamp PTS and a decoding time
stamp DTS, both of which are placed in the packet

10 before the access unit (the decoding unit). The
presentation time stamp PTS defines the time at
which the wvideo data or audio.data contained in the
packet should be output as the playback output
after being decoded, and thé decoding time stamp

15 DTS defines the time at which the video stream
should be decoded. Note that the presentation time
stamp PTS effectively defines the display start
timing of the access unit, and the decoding time
stamp DTS effectively defines the decoding start

20 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 called the stream ID identifying the

packet type, i.e., whether the packet is a video



-103- select any of the nufti-angles scenes, and scene 5 has been
preselected for output ir_ the parental | ocked scene period. lildooy 1N
scer_ario 2, the user can freely select any of the nuftl-angle scenes,
and scene 7 has been preselected for output in the parental | ocked scene
period. Wth referer_ce to Figs. 30~ and 31, furthernore, the COntentS O
the programchain information VIS PGCl is described. In Fig. 30, the 10
case that a scenario requested by “the user is shown with respect to a VTSI
data construction. The scenario 1 andsscenario 2 shown in Fig. 21 are
described as program chain information VIS PGC#1l and VTS- PGCH2. VTS-PGCttl
describing the scenario 1 15 consists of cell playback information C~PBInl
corresponding to scene 1, CrPBI#2, C PBI#3, and C PBI#4 within a
nmufti-angle cell bloc'~c, CPBI#5 corresponding to scene S, CrPBI#6
corresponding to scene 6, and C-PBi #7 correspcnding to scene 8. 20

X.T?E;f’?f' ’??P%%i%éhz iéﬂ%l%%%iiﬁ%a% Rer RS 0%;&%‘94' AW G PRrA IR n 8
- C PBI #5 25
ol cspond At S o ort B BB B o0 S or 1 2008 101

scene 7, and G PBI #7 tﬁoifrﬁ%l@”@hf:k%&@ %Q&ﬂ'érs ¢ s cpro g tétéﬁaaﬂ*&' tal
vi deo systen1data structure, a scene which is a control unit of a scenario

i's descri badeasdateel pawkebsi 98 whiilcld they evoderenthesn beendreely
requested by a user can be obtained. In Fig. 31, the case that a scenario
request ed Gefitredser Phowate Backet i3 dhovinhiis rembsgbinend ac¥OB dat a
constructlon VTSTT VOBS. 10 As specifically shown in Fig. 31, the two
scenari os thendi pvigRtips shie VEBIJER cﬁrmnthdarte%p@@th% a single

scene commpnply each scenari o, VOB#1 cor es ondi n scene 1,
VOB#5 corrk WEPQ? ¥§(§%n%‘-5hodn‘éa‘l7@?#83@6jr re'epo ﬁgufgfﬁ af@i e 8 are

arranged in_nqQn nterle d Rl ock _whi ch ontl s bl qc th
respect topFﬁ'eV & |Eﬁﬁ§|‘e§t dgt & Tohtro y{:g‘%e'acg @%5 % ih%wé one
angl e sceng,data.is constructed by a single VOB. 20 SpeC|f|caIIy sneaki ng,
angle 1 is constructed by VOB#2, and angle 2 is constructed by VOH#3, angle

the™ niorl eaved bl ock Tor e Rare of Som tehng borugbn oAby B Sole and
g between eaCh ar_gle and
packet header, private data area, and data area.
The private data area contains an 8-bit sub-stream
ID indicating whether the recorded data is audio
data or sub-picture data. The audio data defined
15 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 to 32
types #0 - #31.
The data area is the field to which data
20 compressed according to the MPEG2 specification is
written i1f the stored data is video data; linear
PCM, AC-3, or MPEG encoded data is written if audio
data is stored; or graphics data compressed by
runlength coding is written if sub-picture data is

stored.

[
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25 seanl ess reproduction of each angle data. Scenes 6 25 April 2003 -105
and 7 peculiar to scenarios 1 ar_d 2, respectively, are forneg %S'%#ﬁ@
interl eaved bl ock for the sake of seamn ess reproduction betwe ?_ n
scenes before and behind thereof as well as seanl ess reproduction 5 between
each scene. As described in the above, the user's recruesting scenario
shown in Fig. 21 can be realized by utilizing tr~e video title playback
control information shown in Fig. 30 and the title 10 pl ayback VOB data
structure shown in Fig. 31. Seaniess ?Iayback The seanl ess pl ayback
capability briefly nmentioned above With regard to the digital video disk
system data structure is described below. 15 Note that seam ess pl ayback
refers to the reproduction in a digital video disk systemof nultinedia
data includi ng video, audio, and sub-picture data without intermttent
breaks in the data or information between basic scene periods, 20 between
basi ¢ scene peri ods @ng fti-scene gerlods and, bet ween nufti-scene

periods. Hardware fa CHRTPERT Tt & +AEEr rﬁ%‘t:éntm%l&’a)ﬁb%ck of this

data and t £ I ec under fl ow, n il 2003
-106|rmalga@% %mwmer fégggﬁ%ﬁgdglilﬁﬁﬁ ségﬁﬁérQFtﬁéwk% diShg
speed of tb@ﬂr¥éké“¥WEﬁcmé6dlng. With constant bit rate

coding, the video stream is input continuously to

the video buffer at a constant rate. This

19/

contrasts with variable bit rate coding in which
the video stream is input intermittently to the
video buffer, thereby making it possible to
suppress the generation of unnecessary code. Both

10 constant bit rate and variable bit rate coding can
be used in the digital video disk system.

Because MPEG video data is compressed with
variable length coding, the data quantity in each
group_of pictures GOP is not constant. The video

15 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
relationship between the video and audio data
output from the decoder, do not match. The method

20 of time-base synchronizing the video and audio data
is therefore described in dstail below with
reference to Fig. 26, but is described briefly
below based on constant bit rate coding.

The navigation pack NV structure is shown

~d
th

in Fig. 20. Each navigation pack NV starts with a



ether factors relate to the properties of the playback data. when the

pl ayback data is data 5 that nust be continuously reproduced2§3%¥@2 03
cor_stant tine unit ir_ order for the user to understand the n? or
information, e.g., audio data, data cor _tinuity is |ost when the required
continuous presentation tinme cannot be assured. Reproduction 10 of such

i nformati on whereby the reauired contir_u.ity is assured is referred to as
"contiguous information reproduction,” or "seam ess information
reproduction.”™ Reproduction of this information when the required
continuity cannot be assured is 15-r7@ferred to as "non-continuous

i nformation reproduction,” or "non-seam ess information reproduction.” |t

i s obvious that continuous information reproduction and non-conti nuous

i nformation reproduction are, respectively, 20 seam ess and non-seanl ess
reproduction. Note that seam ess reproduction can be further categorized as
seanl ess data reproduction and seanl ess i nformation reproduction. Seanl ess
dat a repr ghcki drebasladef PRED asngr exentaigiphysiRAL 2adketksand DSI
interruptions in the data playbac'.~c 25 Aprii 2003 - 107 (intermttent
re~roduct ipmckeds.a result of a buff er underflow state, for exanple.

Seanl ess information reproduction_is defined as preventing_apparent
interruptions in theRBnidRserisedhapPPerceibied PRSKt header FRternittent

presentation) when recogni,zing ir formatiqn fromthe .pl ayback data where
t here arerr%ggc,rt | CRFsteqe b%%a@si%ggﬁ fe& 5t é’a?'%%r &cﬁjcgpo 2 pEEhits of

Thas Gescriton ST AaE | g HHT of Y ontw T RorErD, AEeneR I ARnB0LLaE" 5
| nt erl eavi Thez g)v ,daJE aesyst@%stgd\ggggggeéﬁbi@@dré‘?e@gﬁ%eargcﬁecor ded
aut ho r mul t

using an appropri at ri'ng énco as a novie or other i medi a

title on ¥dNPHegr iy padidmbnbel ecihal £he foHlheM Endescdi ~tior _
refers to a novie as the nultinmedia title being processed, but it will be

obvi ous t idZ20® 10e suwentiaqa sbaklyiatkbe so limted. Supplyir_g a singly
novie in a format
Each PCI packet contains PCI General
10 Information (PCI_GI) and Angle Information for
Non-seamless playback (NMSL_AGLI) .
The PCI CGeneral Information (PCI_GI)
declares the display time of the first video frame

(the Start PTM of VOBU (VOBU S_PTM)), and th

(

=

Hh

15 display time of the last video frame (End PTM o
VOBU (VOBU_E_PTM)), in the corresponding video
object unit VOBU with system clock precision (90
Khz) .

The Angle Information for Non-seamless

20 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 VOB.

Because there are nine or fewer angles in this

[ ]
(¥ ]

example, there are nine angle address declaration



enabling the novie to be used in plural differer_t cultural regions or

cour _tries reauires the script to be recorded in the various;5@%%§§gg§ used
in 25 those regions or countries. It may even 25 April 2003 -

necessitate editing the cor_tent to conformto the nores and noral
expectations of different cultures. Even using such a | arge-capacity
storage system as the DVD system however, it is necessary to reduce 5 the
bit rate, and therefore the inage duality, if plural full-ler _gth titles
edited froma single common source tjtle are recorded to a single disk

Thi s problem can be solved by recordi®ng the comon parts of plural titles
only once, and recording the 10 segnents different in each title for each
different title only. This nethod nakes it possible to record plural~titles
for different countries or cultures to a single optical disk wthout
reducing the bit rate, and, therefore, retaining high imge 15 quality. As

shown in Fig, 21, the tjtles recorded to a single_ optical qjsk contain
basi ¢ scerfe€ péd odR et ZRAFECB oMFTHE 86 Sal PL sEe¥ht PosSC hhd 7l EPScene

par ont a1 RBck GARTI SRR () 26| OV EETheA e el oL DR 5. I the case
f th I td itl i nd ,

Vi of ont " sdorgt 1 CaE Aok as it oaoght PRIE o S lehi laren, 1 ..
so- cal | ed i adulde 56088 "3y bk ADiAI2003r 109 Feoprgied with a

conbi nati on of commbn scehes, ult scenest and ren's scenes. These

titlse streams are achhetedby Hiaxery c¢Bataduht sd chihedran s scer_es to
mul ti-scene periods between the common 5 basic scene periods. Milti-angle

control camberachtéeed (DSI comygntdeonall sss9lR-apblaeclti Thef dymegcdod ng
plural nultinedia scenes chtained by recording the subjects fromthe
desired pl(BML_RBE)a aagedngle Information for Seamless
playback (SML_AGLI) .
The DSI General Information (DSI_GI)

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

15 detail later, it should be noted that the
continuously read data units must be interleaved
(multiplexed) at the system stream level as an
interleaved unit ILVU in order to seamlessly
reproduce split or combined titles. Plural system

20 streams interleaved with the interleaved unit ILVU
as the smallest unit are defined as an interleaved
block.

The Seamless Playback Information

(SML_PBI) is declared to seamlessly reproduce the

stream interleaved with the interleaved unit ILVU

[ 9]
(V1]



10 the nulti-scene periods arrayed between the comon basic scene peri ods.

Not e, however, that while these plural scer_es are described e{qi
|

recorded fromdifferent canera angles (positions), it will b

| 360§cenes

ous™ t hat

the scenes may be recorded 15 fromthe sane canera angle but at different
times, data generated by conputer graphics, or other video data. \Wen data
is shared between different scenarios of a single title, it is obviously 20
necessary to nove the | aser beam LS fromthe comobn scene data to the

non- common scene data during reprodygtion, i.e., to nove the optical pickup
to a different position on the DVD recordi ng nedium RCL. The probl em here
is that the t=ne required to nove 25 the optical pickup makes it difficult
to continue 25 April 2003 - 110 reproduction without creating breaks in
the audio or video, i.e., to sustain seam ess reproduction. This problem
can be theoretically solved by providing a track buffer (stream buffer
2400) to Hglebay dap@ OUERW AAcaMui requiMal @¥ntailihe wnist access tine.
In general, data recorded to an optical disk is read by the optical pickup,
appr opri atehyepriosassell, UaAd tBlpey af LLw st Sledy )t oidentidokihaf fer. The
stored data is subsequently x0 decoded and reproduced as video or audio
dat a. Def iwhé¢iérenf thr ecbaave agpotrlihgs ehdkle aibg acsker Ul seVERUvalsy
exci se scenes and choose from anong plural scenes, a state wherein

non- sel ectadl sodrerdaaved rebocded 15hinsBEVEH bbegecknddmahestene data

and sel ectiyve , , . ) X )
5 whether the video object unit VOBU is in an

interleaved block, and is set to 1 when it is.

Otherwise the ILVU flag is set to 0.

When a video object unit VOBU is in an

interleaved block, a Unit END flag is declared to

10 indicate whether the video object unit VOBU is the

last VORBRU in the interleaved unit ILVU. Because

the interleaved unit ILVU is the data unit for

continuous reading, the Unit END flag is set to 1

if the VOBU currently being read is the last VOBU

15 in the interleaved unit ILVU. Otherwise the Unit

END flag is set to 0.

An Interleaved Unit End Address (ILVU_EA)

identifying the address of the last pack in the

ILVU to which the VOBU belongs, and the starting

20 address of the next interleaved unit ILVU, Next

Interleaved Unit Start Address (NT_ILVU_SA), are

also declared when a video object unit VOBU 1is

in

an interleaved block. Both the Interleaved Unit

End Address (ILVU_EA) and Next Interleaved Unit

(]
h

Start Address (NT_ILVU_SA) are expressed as the



scene data necessarily occurs because the data units associated with

i ndi vi dual scenes are contiguously recorded to the recording %2§§EEOG§ tine
recordir_g nedium. | f data i s then read in the 20 recorde& & ence,
non-sel ected scene data nust be acc ssed before accessing and decodi ng the
sel ected scene data, and seaml ess connections with the selected scene is
difficult. The excellent random access characteristics of the digital video
di sk 25 April 2003 -111 system however, nake sean ess cor_nections with
t he selected scenes possible. In othgr words, by splitting scene-specific
data into plural units of a 5 specified data size, and interleaving plural
split data units for different scenes in a predefined sequence that is
recorded to disk within the junpi ng range whereby an data underfl ow state
does not occur, it is possible to reproduce the selected 10 scenes w thout
data interruptions by intermttently accessing and decodi ng the data

specific to the_§eI§£ted icengscugjng &Egse sglithgata unLﬁf.giea ess data
r epr oduct i'OATFPE T hErre 3 asSUr2d =Lt e VedViTEk ATl PAGET 184v&nit 15

The interl gkpg] Eﬁod enabl i ng seanl ess data reproduction according to
t he present™“inventiron is described belowwith reference to Fig. 24 and Fig.

67. Shown in Fig. 24Wh%rf‘ ﬁ%edge%g@e%i%{g%‘ﬁgt sgepar 'p]q%?éaﬁbfyderi ved,

i.e., 20 branching fromone Vi obj ec 0 one o i deo

obj ects VQBoBnakBe@ 190f Y9Rs DaiRlib! bedBREMgsbask agai n§e a single

vi deo object VOB-E. The actual arrangement™ of these bl ocks recorded to a
dat & recorsiysg drfiagk rdhee dsk nDRPScehmgubuds 9. gt 1Al Apiliyh 2003 -

e immediately before and after the seam, it is
1ecessary to pause the audio output to synchronize
the audio and video components of the system stream
following the seam. Note that non-contiguous audio

10 may result from different audic signals being
recording with the corresponding 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 msec.

15 To enable this resynchronization, audio
reproduction stopping times 1 and 2, i.e., Audio
Stop PTM 1 in VOB (VOB_A STP_PTM1l), and Audio Stop
PTM2 in VOB (VOB_A STP PTM2), indicating the time
at which the audio is to be paused; and audio

20 reproduction stopping periods 1 and 2, i.e., Audio
Gap Length 1 in VOB (VOB_A_ GAP_LEN1) and Audio Gap
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



Ref erringto Fi g . 6 7, VOB-~ and VCB-E are video objects with

i ndependent pl ayback start and end tines, ar_d are in pri ncigég Ardgoged to
contiguous block regions. ~s shown in Fig. 24, the 5 pl aybac sPart and
er dtimes of VOB-B, VOB-C, and VOB-D are aligned during interleaving. The
interl eaved data bl ocks are then recorded to disk to a contiguous

i nterl eaved bl ock region. The contiguous bl ock regions and interl eaved
block 10 regions are then. witten to disk in the track path Dr direction
in the playback sequence. Plural video objects VOB, i.e., interleaved video
obj ects VOBS, arrayed to the data rédording track TR are shown in Fig. 67.
15 Referring to Fig. 67, data regions to which data is continuously arrayed
are called "blocks," of which there are two types: "contiguous bl ock
regions” in which VOB with discrete starting ar_d end points are
contiguously arrayed, and zO "interl eaved bl ock regions” in which plural
VOB with aligned starting and end points are interleaved. The respective

bl ocks aremserspsmcas isdwat tfeg.syE8tiem tdkoplaybaec sedgwencéSa . e.

bl ock 1, block 2, block 3, . . . block 7. 25 April 2003 -113 As shown in
Fig. 68, ®iezVIS title VOBS (VISTT VOHS) consist of blocks 1 - 7,

inclusive. Block 1 contains VOB 1 alone. Blocks 2, 3, 5_ar d 7 simlarly
di scretely contain Y&RS Angles Inkennaplom O€P§ £egmlesgng 7 are thus

cont] guous ol sgk 20\ BHock, fa dopever, EOUAL ISR 2 AN NGB £,
8T eaveh A0SHIET R onks f LBANER o oyps Lk leares Bladly et ons
T secn VY Y A Seame e g auaegpiocle |1 the Ve
contiguougrbiBgled egi ansi ar adarbkyy 189iCebby edhyrdekdat aLethe as the
number of sectors from the navigation pack NV of
that VOBU. Because there are nine or fewer angles,

10 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) .

15 Note also that each title is edited in
video object (VOB) units. Interleaved video
objects (interleaved title editing units) are
referenced as "VOBS"; and the encoded range of the
source data is the encoding unit.

20 DVD_encodex

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

the present invention is applied to a digital wvideo

[ {9
wn

disk system is described below and shown in Fig.



pl ayback unit. Both VOB-i and VOB-j in this figure are shown conpri sing
three cells CELL #1, CELL #2, and CELL #3. 20 Each cell conpr%?ﬁﬁug or
nore video object unit VOBU with the video object unit VOBU 3e I'ni ng" 1t he
boundaries of the cell. Each cell also contains information identifying the
position of the cell in the programchain PCGC (the playback 25 control
information of the digital video disk 25 April 2003 -11-t systen). N ore
specifically, this position information is the address of the first ar_d
last VOBU in t~~e cell. As also shggqj n Fig. 69, these VOB and the cells
defined thereir_ are also recorded 57to a contiguous bl ock region so that
conti guous bl ocks are contiguously reproduced. Re~roducir_g these
contiguous blocks is therefore no problem The internal data structure of
the interl eaved bl ock regions is shown in Fig. 70. In 10 the interl eaved

bl ock regions each video object VOB is divided into interleaved units |LVU,

and the i rie d units, LLVY associated with each VOB are alternately
arrayed. gfr b _Hé:j'i]esbgr eolia\éf‘fbﬁle% 'rﬁ@etpeﬁﬁgmﬂﬂs}tgp*t hes rf‘?%FPég:’vEd
units LV or. X , - e sis: diyi dedsLnt o i rleaved units
I LVUKI, 1L ZFQ%Eﬂﬁd H@U@I,gslaﬁé*asg*%%%f i%jég%yéggg’lénrg{ e cell
CELL#k. VGEsKgal Fkew it d it 0 } eay ur _its ILVUM ,

| LVUn2, | %U%Btrsﬁaéh% F\I?Vs&gn%jib\a%ldggs éc-:lo%}]lbnleg(}lg?lagéf nc*l%g 20 cell CELL#m
Not e that duisteath®t ad Isy ndlde el cQFLE#K tofe CERl#breaedh en MBe apd

VOB-m can be divided into nore than two cells. The interTeaved

5 shown in Fig. 2. The basic difference betwaen
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 be obvious that

10 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 comparison with the authoring
encoder EC described above.

15 As in the above authoring encoder EC, the
encoding system controller 200 generates control
signals St9, Stll, St13, St21, St23, St25, St33,
and St39 based on the scenario data St7 describing
the user-defined editing instructions input from

20 the scenario editor 100, and controls the video
encoder 300, sub-picture encedar 500, and audio
encoder 700 in the DVD encodexr ECD. Note that the
user-defined editing instructions in the DVD

encoder ECD are a superset of the editing



units ILVU thus contains both audio and video data. In the exanple shown in

Fig. 70, the 25 interleaved units ILVWkI, ILVWk2, |LVWK3, araf

2003 -115 ILVWk4, and ILVUM, |LVUnR2, ILVUMB, and |ILVU™, from

ApIFRO0N! 3

WO

differer_t video objects VOB-k and VOB-mare alternately arrayed within a
single interleaved block. By interleaving the ir_terleaved units ILVU 5 of
two video objects VOB in this sequence, it is possible to achieve seamn ess

reproduction branching fromone scene to one of plural scenes,

and from one

of plural scenes to one scene. Milti-scene control 10 The nufti-scene
period is described together with +® concept of nufti-scene control
according to the present invention using by way of exanple a title
conprising scenes recorded fromdifferent angles. 15 Each scene in
mufti-scene control is recorded fromthe sanme angle, but nay be recorded at
different tines or may even be conputer graphics data. The nufti-angle

scene periods may therefore also be called nufti-scene periods

. 20 Parental

control ThHenstnwept iansecodr dihg pluthbringesrcuogeising aeecmibed
scenes for such functions as parental |ock control and recording director's

cuts i s desePVised bel ow using Fig. 40.

Specifically, the user-defined editing

instructions (scenario data St7) in the DVD encoder

wn

ECD similarly describe what source data is szlected

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 to

reproduce the scenario (sequence) intended by the

10 user. The 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

15 time interval; the number of audio and sub-picture

data cells 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

20 plural streams including, for example, multiple

viewing angles; and the method of connecting scenes

wnen the angle is switched among the multiple

viewing angles.

The scenario data St7 of the DVD encoder

~
W

ECD also contains control information on a wvideo



25 April 2003 - 116 An exanple of a nulti-rated title stream providing for
parental |ock cor _trol is shown in Fig. 40. Wen so-called "ggg#t.aﬁﬁ?es"
containir_g sex, violence, or other scenes deenmed unsuitable QW | dren
are contained in a title inplenenting parental |ock control, the title
streamis recorded with a conbination of conmmon system streans SSa, SSb,

and Sse, an adult-criented system stream SSc contai ning the adult scenes,
and a child-oriented | O system stream SSd cont ai ni ng only the scenes
suitable for children. Title streans such as this are recorded as a

mul ti-scene system stream cont ai ni n§4t-he adul t-ori ented system stream Ssc
and the child-oriented system stream Ssd arrayed to the 15 nulti-scene

peri od between common system streans Ssb and Sse. The rel ati onship between
each of the ccnponent titles ar_d the system streamrecorded to the program
chain PGC of a title streamthus 20 conprised is described bel ow. The
adult-oriented title programchain PGClI conprises in sequence the conmon
syst em st reaie clsaverd WGsht s adul t -Dhiient el feyshamistnedm Ssc, and the
common system stream Sse. The 25 child-oriented title programc: nain PGC2
conpri ses re@simrdl tzoosncotie the maddequenute ahestonedm,syadnem streans
Ssa and Ssb, the child-oriented_systemstream Ssd, ar_d the commpn system
st r eam SsEPBY ihtGadrdayi g tWeesd HYchr ildnt edmrSLem 525t MExdtbar ar ~d

o A AT SRR L U000 A i e
L-ori i S

&E?ﬂﬁ%ﬁ%ﬁgéﬁ%‘e’%?ﬂé@%ﬁﬁfﬁﬁﬂﬁﬁéﬁaﬁ Phe LR IT e ST LB ok ot 1§@Ee§”m h

Ssc, [ S ' :

sC. 2nd then eeproduaidasiie, GO, SXS SIBSLLSAN Sae 25 LIRIAUGLPd by the

adult-oriented title programcharn ernatively t he
child-orientedddtdecn agsam chai-g E@E%f&gﬁﬂﬁcaié@at he child-oriented

system stream Ssd in the nulti-scene period, a chitd-oriented title from
whi ch the jagtibt~laaenteyl speneshlave deeraxpurgat odetan Be awpr eguted.
end times of each control, and whether a seamless
10 connection should be made between the preceding and
following streams.
The encoding system controllexr 200
extracts this information from the scenario data
St7, and generates the encoding information table
15 and encoding parameters required for encoding
control. The encoding information table and
encoding parameters are described with reference to
Figs. 27, 28, and 29 below.
The stream encoding data St33 contains the
20 system stream encoding parameters and system
encoding start and end timing values required by
the DVD system to generate the VOBs. These system
stream encoding parameters include the conditions
for connecting one video object VOB with those

25 before and after, the number of audio streams, the



This method of providing in the title 20 streama nulti-scene period
containing plural alternative scenes, selecting which of thezgg&pﬁgo¢y t he
nmul ti-scene period are to be reproduced before playback begins, "an
generating plural titles containing essentially the sane title 25 Apri
2003 - 118 content but different scenes in part, is called parental |ock
control. Note that parental |ock control is so naned because of the
perceived reed to protect 5 children fromur_desirable content. Fromthe
perspective of system stream processisng, however, parental |ock control is
a technology for statically generating different title streans by neans of
the user pre-selecting specific scenes 10 froma nmulti-scene period. Note,
further, that this contrasts with nulti-angle scene control, which is a
technol ogy for dynam cally changing the content of a single title by nmeans
of the user selecting scenes fromthe nulti-scene period freely 15 and in
real -tinme i4 kL ybackq T s pay I kK~C ol hnol ogy can
al so be use atlowe%a‘ttﬁcgiﬁlgl eagf?eyh%l'%ﬁ?ﬁ %ﬁgu%@%§om%§léﬁak§ﬁ;§ t he
director’ %&Mbeﬂ_héfﬁ'éﬁﬁt-@ﬂétﬁlﬂeé e AL tRet RR:PLOGRSELPE ediki ngrEgartain
scenes 20 froma novie to, "‘for exanple, shorten the“total presentation
time. Thisriaydephesasaaky.startdxagptemd oiadidraafeiadar 2B E8gt lamavi e
for viewi ng on an airplane where the presentation tine is too long for

vi ewi ng withen dhéifd ighaylhamkosteer t aing 261iment enf omyandomeARLEpt abl e.
The novie director 25 April 2003 - 119 thus determ nes which scenes may
be Sut to shorten t hEheovi bt leheseatiagiean Qdehred resertRl Widh%both a
full-ler_gth, gnedite syste: ~ stream and an edited %%géen1sq[ean1in whi ch
the edit eFYPBNeSSEr & B Beorehdeds FuPlit s ER&HMPSIst OxMAhe1i%nsi ti on
fromone system streamtq another system stream in such appli.cations,
barental ISERdontRE St et hBEe ML R b AT ABth P P BIcRL g
output. My g, spect oAl b¥e1searhess Hat 3 5Pt 18 control

information and interleave information.

10 Based on the video encoding parameter and
encoding start/end timing signal St9, the video
encoder 300 encodes a specific part of the video
stream Stl to gesnerate an elementary stream
conforming to the MPEG2 Video standard defined in

15 IS0O-13818. This elementary stream is output to the
video strxeam buffer 400 as encoded video stream
Stl5.

Note that while the wvideo encodexr 300
generates an elementary stream conforming to the

20 MPEG2 Video standard defined in IS0-13818, specific
encoding parameters are input via the video
encoding parameter signal St9, including the
enceding start and end timing, bit rate, the

encoding conditions for the encoding start and end,

1397
7]}

the material type, including whether the material



10 whereby a data underflow state does not occur in the audio, video, or

ot her buffers, and seanl ess information reproduction Merebyzggpﬁpg@éyral
interruptions are audibly or visibly perceived in the audi o and vi deo

pl ayback, are necessary. 15 Miulti-ancrle control The concept of nulti-angle
scene control in the present invention is described next wwth reference to
Fig. 33. In general, nultinedia titles are obtained by recording both the
audio ar_d 20 video information (collectively "recording" below) of the
subj ect over tinme T. The angl ed scegg bl ocks #SC1, nSM, ~SM2, nSM3, and
~SC3 represent the nmultinmedia scenég§”dbtained at recording unit tinmes T1,
T2, and T3 by recording the subject at 25 respective canera angl es. Scenes
nSM , #SM2, and 25 April 2003 - 120 #SMB are recorded at nutually
different (first, second, and third) canmera angles during recording unit
time T2, and are referenced below as the first, second, ar_d third angl ed
scenes. 5 Note that the nufti-scene peri ods referenc§g*herein are basically

assumed t & B oRpr iINESEcesPPAdeoY 489 r 8radid + ePent C8AR ©3SThe scenes may,
however, be recaorded fromthe sane_angl t at differer t..tinmes, or they
oy be CoRRELE oS gr AR L Lot o ST WORY L el o BT pEATHs HAERt hus
the nmufti-sce erjl.od I pl I e el f

pr esent at i"?n ?%qohfebgaﬁeeiéﬁgeflﬂd%ﬁlggd,@éwﬁet%r Bgr%gn%{i '?ﬁoe‘ésceg%’réége{“rrgé'

actual 'y recorded atﬂ%ﬁéf MBEA %iﬁg%é%&o&53§%§§i"t:gogilﬁﬁdaﬂsa are

scenes recorded at the sane comon carera angle during recordi'ng unit tines

T1 gnd T3 interfPemer edadngf e chd Mildingnglf: seeiese 1 Bies@nscer _es are
therefore called "comopn angle scenes.” Note that one of the 20 multiple

camera anyeswesat frantes mfids - waglienameneigha luseetinrébg issure as the
common canera angle. To understand the rel ationshia bet Taeen these vari ous
angl ed scénez, ,mifhe- dupreestening 20ded | (2he3 tad2gedonframes descri bed
bel ow using a |ive broadcast of a baseball gane for exanple only.
coded by referencing frames before and/or after the
target frame. However, intra-coded frames, i. e. ,
10 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
15 ("intra-frame") is called a group_of pictures GOP.
A group_of pictures GOP in which coding is
closed completely within that GOP is known as a
"closed GOP." A group of pictures GOP containing a
frame coded with reference to a frame in a
20 preceding or following (IS0O-13818 DOES NOT 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,



The common angl e scer_es #SCl and #SC3 are recorded at the conmor_ canera
angle, which is here 5 defined as the view fromcenter fiel dognghingo@xi s
through the pitcher, batter, and catcher. The first ar_gled sceﬁ% #SML i s
recorded at the first nulti-canera angle, i.e., the camera angle fromthe
backstop on the axis through the 10 catcher, pitcher, and batter. The
second ar _gled scene #SM2 is recorded at the second multi-canmera angl e,
i.e., the view fromcenter field on the axis through the pitcher, batter
and catcher. Note that the second angled scene #SM2 is thus the sane 15 as
the common 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
recorded during recording unit tinme T2. The third angled scer_e #SMB is
recorded at the third nulti-canera angle, i.e., the camera angle fromthe
backstop focusing on the infield. The presentation tines of the nultiple

et idsfi%eﬁ??’i’%ﬁ@%%&ﬁ? %ﬁa"%%%%ﬁefﬁe%?%dfgi%%#%%%ﬁéyaseOZ%%i g
25 [ - j ; #SM2, #SMB i
hi s ml t  angTe Shdne e, O PRe S Ean SR R i & or her |

virtual view ng posithen dopenjPYoar@r f e ysew 9t Hrecgame @ai% fhough
the actual canera angle is changed. Note that while there appears to be a

tine gay [méreexsoping, ahg ecopemesy#5El ased#SLS aidet Ipd aybaigite angl e
scenes #SML, #Sbl2, and #SM3 in Fig. 33, this is sinply to facilitate the
useSof arrawaritn phéentd fogureeprodasiag dasédditpt eorf Pt Her@at a
reproduction_paths reproduced by selecting different angled scenes. There
is no act @Ak, g&F dur CARPS Afiauk. DRERE- 4yl @ §&8fESeoRF o the
system 15 stream based on the present jnvention js_described next with

ref er ence T3SEiE OBV AFGnPLRY pRFShRERFE oFPEGIRLt ITRP IR OFIORS. The
mul ti medi a_data corespondin o_commn angl e _scene #SC is.referenced as
common andi®“fata BA® 'dsﬂ?ge%omﬁaueﬁ}&gndaQ%HB Tn? éb%?‘d?f‘?g it
(LS, o, OES SERF Ro DAt An R IR, rpspasiiyae - Jhe Tt edl o
oA SIoelanell s arioont, SNSOHILS g ecshengdat gty Miknds anc
in GOP units.
Based on the sub-picture stream encoding
parameter signal Stll, the sub-picture encoder 500
encodes a specific part of the sub-picture stream
15 St3 to generate a variable length coded bitstream
of bitmapped data. This variable length coded
bitstream data is output as the encoded sub-picture
stream Stl7 to the sub-picture stream buffer 600.
Based on the audio encoding parameter
20 signal St13, the audic encoder 700 encodes a
specific part of the audio stream St5 to generate
the encoded audio data. This encoded audio data
may be data based on the MPEGl audio standard
defined in IS0O-11172 and the MPEG2 audio standard
defined in IS0-13818, AC-3 audio data, or PCM

3
W



-123 Fig. 33, scenes fromthe desired angled can be viewed by sel ecting one
of the multiple angle data units MAl, MA2, and MA3. There isp8lagfsgpdine
gap between the common angle data BAL and BA3 and the 5 nultiple angle data
units MA1, MA2, and MA3. In the case of an MPEG system stream however,
intermttent breaks in the playback information can result between the

repr oduced comon and nul ti ple angle data units dependi ng upon 10 the
content of the data at the connection between the selected nmultiple angle
data unit MAL, MA2, and MA3 and the common angle data BA (either the first
common angl e data BAl before the amﬁﬁfselected in the nulti-angle scene
period or the conmmopn angle IS data BA3 following the angle selected in the
mul ti-angle scene period). The result in this case is ghat the title stream
is not naturally reproduced as a sing a contiguous title, i.e., seanless
data rep=oduction is achi eved but 20 non-seamn ess informatior_ reproduction
results. L The nufti-angle _selection process whereby one of Aural scer_es

i s sel ecti VBREMbpPadied NYREt k&3 CRANGRERERe Heri RLHEN @Ban ess
information presentation.to the scenes bhefore and 25 April 2003, 12-i _
after is de86A 9bé¥£ﬂﬁt BBpI3CEPESH-7d 5Qﬂ5hﬁﬁev§&ﬁpéﬁﬁ@§ystem

sel ecting one of the

using Fig._23. ,Changi ng_t.he scene .angle, .i,e,,
mul tiple a‘?’n’tjﬁe }ﬁ?;\?gghrﬁg?g lﬁﬂwmﬁﬂé‘,y afd % ‘R)ﬁ?,lermst be conpl eted before

reproduction of the cedi 0, g a BAlAi o] £ 4 1s
extrenel y difficuIt,??%%eg%ggfféggggagﬂahgggﬁ%‘a'Q??fgfgngegﬁngtggéa.unit
MAZ gur i ng- peprosughicpis ok ricasdBR alghe gad atBAl: hEhisn £ Pecgues sherlo
mul ti medi a data has a variable | ength coded MPEG data structufe, “which

makes it dibhitetblllexr f200 t heTHat arbded ~stpeiath shiifvfadard @) duoihe

sel ected data bl ocks. The video may al so be disrupted when the angle is
changed bethesenabdedrwiwldd stwrehmt iSonkSarnerpreed inotheswedirigdprocess.
The group of _pictures GOP processing unit of the MPEG standard contains at
| east one @BECEERLT B4R, addl cOusalpBoddsi AF Foedr FREMS hgVId@es
belongir_g to another GOP is possible within this GOP ZQ processing unit.
In ot her WBEHEAMT StHS dasi ridacakdiee dgedl a¥edy engreeds ell@et ed before

(SEIpuct90 d caches e IS T candl e sqene,pel | oy gl ghe latest by
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 controller 200. The
15 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 Stl7 as time-delayed encoded
sub-picture stream St29 based on the timing signal
20 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

|9
W

puffer 800 stores the encoded audio stream Stl9



2~ data HAl1. is conpleted, the angle data selected zrom 25 April 2003 _
1~~ _ within the mufti-angle scene period can be seam essly bgpig .
Bowever, it is extrenely difficult while reproducir_g one angle to sel ect
and seanl essly reproduce another ar _gle within the same 5 nufti-angle scene
period. It is therefore difficult when in a nufti-angle scene period to
dynam cally select a difierer_t angle unit presenting, for exanple, a view
froma different canera angle. 10 Flow chart: encoder The er_codi ng
information table generated . by thegencoding systemcontroller 200 from
information extracted fromthe scenario data St7 is described bel ow
referring to Fig. 27. 15 The encoding information table contains VOB set
data streans containing plural VOB corresponding to the scene periods
begi nni ng and ending at the scene branchir_g and connecting points, and VOB
data streans correspondir_g to each 20 scene. These VOB set data streans
shown in F 7 hey.encadi ¢ ' t 5ovH t all a ep
iﬂpé% bgﬁ:ﬁ;ﬁ EnENCO0L S ﬁeE%Iér? 7 %ggiaf%'&& bed ghd

QLOO0 in Fi'g. e éncodi ng systémco ro!le? or creatl t'he DVD
mul ti medi & g earbared andie gs:%regﬁfl Is"@d6 dot idd ecpRNtehtne - 423 Apeldl 2003
- _encotheduserd def igiedeseenat 3a goataidisohr atedi rg mohat s from
common scenes to plural scenes, or connection points to other common
scenes. TheiytR Lobtesposugiphied tfroscearkeperioddimgl sysednby t hese
branching ar_d cor_r_ecting points is a VOB set, and the data ger_erated to
encdde a V@BNESiold athe200B set data stream The title nunber specified by
the VOB set data streamis the title nunber TlITLE NO of thg VOB set data
stream 10 The VOB SERa$¥SSEUcEMOTALFIY 0272 SheREIPE L@t atorft Bt for

encodi ng one .VOB set in 'the. VOB set data stream and c ri ses:. ~the VOB
set nunberV V8BS N rten%mVéélJ"n%/‘f"r‘ﬁer‘L NP7 nE\’?’@ s%ggpe(% FEckdifng voB

[l ag. VOB FRFD 7t BRI | AT PR VOB, BIO 0t nE M B ae 1T 357008 B, the

nuf ti - anglﬁ‘( :t%_q?;/?g;{;?fomeef“btdc ,ang.gﬁi seamesspawd £HENG, f kagYOBSEV,

t he maxi nu the Tnterleave
10 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 encoding parameter data St33. Note
that the system encoder 900 is a multiplexer that
15 multiplexes the time-delayed streams 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
20 video objects VOBs produced by the system encoder
S900. The formattexr 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 f£file structure



20 VOB ILV BR, the nunber of interleaved VOB divisions ILV DIV, and the
mnimuminterleaved unit presentation tinme |ILVU MI. The JOB Sg nHedkey YOBS
NO is a sequential nunber identifying the VOB set and the posrtron of 25
April 2003 the VOB set in the reprod~acci on sequence of the title scenario.
The VOB nunber VOB PTO is a seauential nunber identifying the VOB and the
position of the VOB in the reproduction seauence of the title scenario_ The
precedi ng VOB seamnl ess connection flag VOB Fsb indi cates whether a seanl ess
connection with the preceding VOB is required for scenario 10 reproduction.
The foll ow ng VOB seanl ess connecti-® 41 ag VOB Fsf indicates whether there
is a seam ess connection with the follow ng VOB during scenario
reproduction. 15 The nmufti-scene flag VOB Fp identifies whether the VOB set
conprises plural video objects VOB. The ir_terleave flag VOB Fi identifies
whet her the VOB in the VOB set are interleaved. 20 The nufti-angle flag
VOB Fmidentifies whether the VOB set is a nmufti-angle set. The nufti-angle
seam ess sy Schidggkrgr ¥OB- Rsiyei éeit t Bilesmuwhetineedang| s tehwagesiaghi n the
nmufti-angl e scene period are seanl ess or r_ot.

St43.

The multimedia bitstream MBS St43 edited
according to the user-defined scenario is then sent

to the recorder 1200. The recorder 1200 processes

h

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.

10 DVD decoder

A preferred embodiment of a digital wvideo

disk system authoring decoder DCD in which the
multimedia bitstream authoring system of the
present invention is applied to a digital video

15 disk system is described below and shown in Fig.
26. The authoring decoder DCD applied to the
digital video disk system, referred to below as a
DVD decoder DCD, decodes the multimedia bitstream
MBS edited using the DVD encoder ECD of the present

20 invention, and recreates the content of each title
according to the user-defined scenario. It will
also be obvious that the multimedia bitstream St4S
encoded by this DVD encoder ECD is recorded to a

digital wvideo disk medium M.



25 April 2003 _ 1~g _ The maximumbit rate of the interleaved VOB ILV BR
defines the maximumbit rate of the interleaved VOBs. The nug@gF” 003
interl eaved VOB divisions S 1LV DIV identifies the nunber of Interleave
units in the interleaved VOB. The mninuminterleave unit presentation tine
I LVU Ml defines the tinme that can be reproduced when the bit rate of the
smal lest 10 interleave unit at which a track buffer data underflow state
does not occur is the maximumbit rate of the interleaved VOB I LV BR during
i nterl eaved bl ock reproduction. The encoding information table for each 15
VOB generated by the encodi ng systeﬁﬂCbntroller 200 based on the scenario
data St7 is described belowreferring to Fig. 28. The VOB encodi ng

par anmet ers descri bed bel ow and supplied to the video er_coder 300, audio
encoder 700, and system encoder 900 for 20 stream encodi ng are produced
based on this er_coding information table. The VOB data streanms s:~cwn in
Fig. 28 are the encaodjng. information  tables generated at step nl00 in Fig.

34 by the encoding syBEemaBher sIPREiguration orf 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

W

the wvideo decoder 3800, and a reordering buffer
3300 and selector 3400 are disposed between the
video decoder 3801 and synthesizer 3500.

Note that the selector 3400 is connected

10 to the synchronizer 2900, and is controlled by a
switching signal St103.

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

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

20 buffer 2800, synchronizer 2900, video decoder 3801,
reordering buffer 3300, sub-picture decoder 3100,
audio decoder 3200, selector 3400, synthesizer
3500, video data output terminal 3600, and audio

data output terminal 3700.



25 April 2003 _ leg _ 200 for creating the DVD nmultinmedia stream based on
the user-defir_ed title content. The er _codirg unit is the vigggwﬁgb t
VOB, and the data generated to encode each video object 5 VCé ist oB
data stream For exanple, a VOB set conprising three angle scenes conprises
three video objects VOB. The data structure shown in Fig. 28 shows the
content of the data for encoding one VOB in the VOB data stream 14 The VOB
data structure contains the video material start time VOB VST, the video
material end time VOB VEND, the vidgg signal type VOB V KIND, the video
encoding bit rate V BR, the audio fmterial start tinme VOB AST, the audio
material end 15 tine VOB REND, the audi o coding nethod VOB A KTND, and the
audi o encoding bit rate A BR The video naterial start time VOB VST is the
vi deo encoding start time correspor_dirg to the tine of the video signal.
20 The video material end tinme VOB VEND is the video encoding er_d tine

corresponding to the tin&)pf the video signal. The videc material type VOB
V-KIND i dentifies wheRfePihet&ifdme®hREEFSH #90G FREDISLREST 8r PAL

f , f J i hic,_ il 2003 -130 i al
o, s S, S Asaphologuanlic, 25oteril 2008 S1s0 meerial (@
Lot el peconiersi o aThe ol drosicod LB (2L PR d hes Lopmeal |
audi o enced{ gz.trl]'gfér?da@i&ﬂr rr‘f‘eScPBEQIéc%gttd) £ hat 'f@c@%&iﬁega%&ﬂﬂﬁ‘%- The

audi omateri a tTme VOB AEND [ sI0the audi o encodi ngend=t i

cor sespongirl pa-ddetiifRy Ot hichep an@iogi erald The audll ogrds ng et BagveB A

KI NDi denti fies "t he audi o encodi ng method as AC-3, MPEG or linear PCM

f or exanpl er'o S eudi2amg odiory et iete 1A BRroxd delinia rohe atew cht he
audi o signal is encoded. The encodi ng paraneters used by the vi deoencoder
300, sub-gilgned &htddert 50gecrmramali bakc adeprotiiced diysteneantoder 900
for VOB20encodi ng are shownir__ Fig. 29. The encodi ngparaneters include: the
VOB nunbeS BB NGNi dedeRPERASERAOR | @@msrrcpﬂ,qla/rdg@%eode end

ti meV_ENDTM the vi deoencode de V-ENCMD, the yideoe de bit rate VR ~TE,
the maxi mum vi deo encdBeXRFOLNGE VAR, CEPEtt%Yé@éf 52539(?1 uk& fixing flag

251@wil %%Enected 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 respectively controlling the recording media

15 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
20 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 DVD decoder DCD.
The scenario selector 2100 preferably

25 comprises a keyboard, CPU, and monitor. Using the



-131 GOP_Fxflag, the video encode GOP structure GOPST, the initial video
encode data V INTST, the |ast video encode data V ENDST, thejaugiicagpacode
start time A STTM the audio encode end time A ENDTM the 5 audi o encode
bit rate A ?SATE, the audi o encode nmethod A ENCVD, the audio start gap

A- STGAP, the audio end gap A ENDGAP, the preceding VOB nunber B VOB NO and
the following VOB nunber F VOB NO The VOB nunber VOBrNO is a sequential 10
nunber identifying the VOB and the position of the VOB in the reproduction
sequence of the title scenario. The i deo encode start tinme V STTMis the
start tinme of video materi al encodlﬁé 15 The video encode end tinme V ENDTM
is the end tine of video material encoding. The video encode node V ENCMD
is an encodi ng node for decl aring whether reverse tel eci ne conversion shal
be acconplished during 20 video encoding to enable efficient coding when
the video material is telecine converted material. The video encode bit
rate V RATE is the avera e bit of ,video en Odl The xi mum Vi deo
encode bi (SSHPOAT WRAFESSURS T hE DGR MIRWHE i OF 4 Hed SEeaHeLO 25

April 200%ased on the content of the scenario 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

W

selector 2100 is connected to the decoding system

controller 2300 by an infrared communications

device, for example, and inputs the generated

scenario selection data St51 to the decoding system
10 controller 2300.

The stream buffer 2400 has a specific
buffer capacity used to temporarily store the
reproduced bitstream St6l input from the bitstream
producer 2000, extract the volume file structure

15 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 Sté3. The
stream buffer 2400 is also connected to the

20 decoding system controller 2300, to which it
supplies the generated bitstream control data Sté63.

Based on the scenario selection data StS1
supplied by the scenario selector 2100, the
decoding system controller 2300 then generates the

bitstream reproduction control signal St53

1 39)
W



-132 The GOP structure fixing flag GOP_Fxflag specifies whether encoding is
acconpl i shed wi thout changing the GOP structure in the m ddl 5\5/\%‘%“ $fpavi deo
encodi ng process. This is a useful paranmeter S for declaring t her
seanliess switch is enabled in a nufti-angle scene period. The video encode
GOP structure GOPST is the GOP structure data fromencoding. The initial

vi deo encode data V INTST sets 1Othe initial value of the VBV buffer
(decoder buffer) at the start of video encoding, and is referenced during
vi deo decoding to initialize~the de Sding buffer. This is a useful

paranmeter for declaring seanl ess rég dduction with the preceding 15 encoded
video stream The |ast video encode data V ENDST sets the end 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. 20 This is a
useful paranmeter for declaring seam ess reproduction with the preceding

encoded video stream The audi o encaode start Iin%)A STTNI is the start tine
of audi o FRREFALEhBEIITREE OBBrABAQR20¢3 thg3 bitstream producer

2000. The decoding system controller 2300 also
extracts the user-defined playback instruction data

from the bitstream reproduction control signal

(¥}

St53, and generates the decoding information table
required for decoding control. This decoding
information table is described further below with
reference to Figs. 58 and 59. The decoding system
controller 2300 also extracts the title information
10 recorded to the optical disk M from the file data
structure area FDS of the bitstream control data
Sté3 to generate the title information signal
St200. Note that the extracted title information
includes the video manager VMG, VTS information
15 VTSI, the PGC information entries C_PBI #j, and the
cell presentation time C_PBTM. .
Note that the bitstream control data St63
is generated in pack units as shown in Fig. 19, and
is supplied from the stream buffer 2400 to the
20 deceoding system controller 2300, to which the
stream buffer 2400 is connected.
The synchronizer 2900 1s connected to the
decoding system controller 2300 from which it

receives the system clock reference SCR contained

[
(81

in the synchronization control data St81 to set the



The audi o encode end tinme A ENDTMis the end tine of audio materi al
encodi ng. The audio encode bit rate A RATE is the bit rate U%ﬁ? &ﬂ@oggdio
encodi ng. 5 The audi o encode nmethod A ENCNID identifies the audi'o encodi ng
met hod as AC-3, MPEG or linear PCM for exanple. The audio start gap A
STGAP is the tinme offset between the start of the audio and video 10
presentation at the beginning of a VOB. This is a useful paraneter for

decl aring seamnl ess reproduction with the precedi ng encoded system stream
15 20 The audi o end gap A ENDGAP isS}he time offset between the end of the
audi o and video presentation at the end of a VOB. This is a useful

paraneter for declaring seam ess reproduction with the precedi ng encoded
system stream The preceding VOB nunber B VOB NO is the VOB NO of the
precedi ng VOB when there is a seanl essly connected precedi ng VOB. The

foll owi ng VOB nunber F VOB~NO is the VOBrNO of the follow ng VOB when there

[ m I t fol | ow VB, 5 April 2003 - 13.i The

e 0 R o R L2 PR i

described Bokmn! th deteranse Lo tGel s, Byl fer®Bo Rl 102, the
2300.

Based on this system clock St79, the

W

decoding system controller 2300 also generates the

stream read signal Sté65 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.

10 The method of generating the stream read
signal Sté5 is described next.

The decoding system controller 2300
compares the system clock reference SCR contained
in the stream control data extracted from the

15 stream buffer 2400 with the system clock St79
supplied from the synchronizer 2900, and generates
the read request signal Sté5 when the system clock
St79 1is greater than the system clock reference SCR
of the bitstream control data St63. Pack transfers

20 are controlled by executing this control process on

a pack unit.

Based on the scenaric selection data St51,
the decoding system controller 2300 generates the

decoding signal St69 defining the stream Ids for

™
(V)

the video, sub-picture, and audio bitstreams



3 subroutines. It should be obvious that while the operation described

bel ow rel ates specifically in this case to the DVD encoder Eg@épﬂbb&3
present invention, the operation described also applies to an a thorlng
encoder EC. ZO At step #100, the user inputs the editing comands accordi ng
to the user-defined scenario while confirmng the content of the nultinedia
' source data streans Stl, St2, and St3. At step QR00, the scenario editor
100 15 generates the scer_ario data St7 containing the above edit conmmand
information according to the user'sqgediting instructions. \Wen generatin3
the scenario data St7 in step 00, the user editing commands related to 20
mufti-angle and parental |ock nufti-scene periods in which interleaving is
presuned nust be input to satisfy the followi ng conditions. First, the VCH
ma: cimumbit rate nust be set to assure sufficient image quality, and the
35 track buffer capacity, junp performance, junp tine, 25 April 2003 -13~

and 1 urp st ancs, Shate O daceder, CED et g Lo eptadicl e o

val ues, th;% rgﬂgogfgh%t%%%dﬁe%h§§@grtest interl eaved unit 5 is

obtai ned fromequ ons ased or_ the reproduction tinme of each

scene in the nufti-sgess pert 0d1d toBuHaiRen Prudeier guretoWweeidek s,
equations 5 and 6 are satisfied. If equations ™5 and 6 are not satisfied,

the user musy.changéivhe dckd tigommpdndméi | Eﬁﬂ%@iisﬂ'ﬂﬁ randch ,are
satisfied by, for exanple, connecting part of the Tollow ng scene to each
scefie i n e ed foit ioshere bengukgdben amtt ip hugled editb -gopiréindsear e used,
equation 7 nmust be_satisfied for seam ess 15 s~, aitching, and edit conmands
mat chi ng e ali@ Lerpsothiciitdesi At WapanesereEogdctisbn tFHened each
scene in each,angle st pe entered. | r_on-sea%ggss szétchin i s _used,
The user RSt/ Bt &t oS SUASR B st CEQURFRER 2/ 26 AF188F #S0d Pt he

encodi ng system contr 200 .first deter,m nes whether the target scene is

o be Seanbsery RRGe(ed £8 heohr dUat Mg EO0AS bas e Therhe Sgenar o
Gata 5 7, b e s Do ot BERNEe PR 120 1297 Wbk
10 ID is assigned to the video data and MPEG audio
data, and a substream ID is assigned to qhe
sub-picture data, AC-3 audio data, linear PCM data,
and navigation pack NV information. While the user
need never be aware of these ID numbers, the user
15 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
20 scenario selection data StS51. The decoding system
controller 2300 then adds this ID to the decoding
signal St69 output to the system decoder 2500.

Based on the instructions contained in the

decoding signal Sté69, the system decoder 2500

(1]
(V]

respectively outputs the video, sub-picture, and



25 April 2003 -136- "' but the presently selected target scene is a comon
scene (not in a nmulti-scene period), a seam ess connection rggqg§"§@03

seanl essly connectir_cr the target scene with any one of the scenes
contained 5 in the preceding nmulti-scene period. Wien the target scene is a

mul ti-scene period, a seanl ess connection still refers to seanlessly
connecting the target scene with any one of the scenes fromthe sane
nmufti-scene period. 10 If step #300 returns NO, i.e., a non-seanl ess

cor~.ection is valid, the procedure noves to step Q400. At'step #400, the
encodi ng system control l er 200 rese®d the preceding VOB séam ess 15
connection flag vOB-Fsb indicating whether there is a seam ess connecti on
bet ween the target and precedi ng scenes. The procedure then noves to step
#600. On the other hand, if step 300 returns 20 YES, i.e., thereis a
seanl ess connection to the precedi ng scene, the procedure noves to step
#500. At step #S00 the encoding systemcontroller 200 sets the preceding
VOB seanl essdtondettstrébag \OBpofsh rTire phecettureamehuifies 2400 J. ..
~~ 1 Jv . fr 25 April 2003 ,
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
5 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 packs to the
respective buffers (i.e., the video buffer 2600,
10 sub-picture buffer 2700, and audio buffer 2800).
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.
15 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
20 St81l, 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

[}
(v ]1

3801 based on this decoding timing. The



- 137 At step #000 the encodi ng system controller 200 determ nes whet her
there is a seam ess connection between the target and fol | owizxasH2008
based on scenario data St7. If S step #500 returr_s NO i.e., a

non- seam ess connection is valid, the procedure noves to step #700. At step
#700, the er_coding systemcontroller 200 resets the foll ow ng VOB seanl ess
10 connectior_ flag VOB Fsf indicating whether there is a seam ess
connection with the follow ng scene. The procedure then noves to step #900.
However, if step #600 returns YES, i,,e., there is a seamnl ess connection to
the follow ng 15 scene, the procedDPg'anes to step #800. At step #800 tine
encodi ng systemcontroller 200 sets the foll owi ng VOB seam ess connecti on
flag VOB rr~sf. The procedure then noves to step #900. 20 At step #900 the
encodi ng systemcor_troller 200 determ nes whether there is nore than
connection target scene, i.e., whether a nulti-scene period is selected,

based on the scenario data St7. As previously described, there 2j ar~?
t'.JO DCSSynchgenizer 900 @lseo generates and sygrliyes tiveapri|

2003 -138 i ods: | 1pck trol wh b f pl |
possi bl e '%E%%&i??ﬁ%%ﬁ%gctdﬁéf'ggo %gtcoﬁfg%gé‘ﬁt gﬁl:érjgrﬁ{elﬁg %‘ggrlir_cgs in the

muf t i -scergemt_)ggI ddégq[)&éﬁé%qtc d,. and, nfa{i -apgle cgntypl 5 whereby the

reproduction path tan ed™w e mifti-Sceneé period to present

di fTer ent BuAc @gleP e LhRl PP beld Aadid betoqbhereraif not
mul tiple scer _&s, the procedure nbves to step 10 #1000 . At step #1000 the

nuf 6i - scense §bagtVBefln j denti fying whet her the VOB set conprises plural
vi deo objects VOB (a nmufti-scene period is selected) is reset, and the
procedure noves to sTke 15 dd80@ddoodencolds (argeriserapesiuchieonvides
encode paraneter production subroutine is described bel ow. However, if step
tt 900 ret @WBPMES referast signal St84 based on the video
stream decoding start signal St89, and outputs to
the video buffer 2600. In response to the video
10 output request signal St84, the video buffer 2600
outputs the video stream St83 to the video decoder
3801. The video decoder 3801 thus detects the
presentation time information contained in the
video stream St83, and disables the video output
15 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 video decoder 3801, which outputs the
20 reproduced video signal St95 to the reordering
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

25 necessarily match on a frame unit basis. The video



is a nufti-scene connection, the procedure noves to step #1100. 20 At step
#1100, the nufti-scene flag VOB-Fp is set, and the procedure JEN&S ohB3 St ep
#1200 whereat it is judged whether a nufti-angle connection is selected, or
not. At step #1200 it is determ ned whether a 25 change is nmade between
plural scenes it the 25 April 2003 - 139 nufti-scer_e period, i.e.,

whet her a nmufti-angle scene period is selected. If step #1200 returns NO
i.e., no scene charge is allowed ir_ the nufti-scene period as parenta

loc' .~ control 5 reproducing only one reproduction path has been sel ected,
the procedure noves to step #1300.-9¢9 -step #1300 the nufti-angle flan

VOB Fmidentifying whether the target connection scene is a nufti-angle
scene is reset, and the procedure 10 noves to step #1302. At step #1302 it
is determ ned whether either the precedi ng VOB seanl ess connection flag
VOB- Fsb or follow ng VOB seam ess connection flag VOB Fsf is set. If step
#1302 returns YES, i.e., 15 the target connection scene seanl essly connects
to the precadhhg, tPRHFEWaNG, bar BosH 1L Ar deedt hg adedddEBOW ng
scenes, the procedure noves to step #1304. ‘At step #1304 the interleave
flag VOB- Bir@&ri.denthiyidgcoidridier ridnee ¥OB x4 hehencederk-dat a of the target
scene, is interleaved is set. The procedure then noves to step #1800.
However, itfespeopramBly retomesl NOp itlee, rigwrdargatgcmnbieimm 30éne does

not seam essly 25 Apri] 2003 - 1.~ 0 -
The synchronizer 2900 therefore controls the

switching signal St103 so that the reproduced video

h

signal St95 output from the video decocder 3800 and
the reordering buffer output StS7 are appropriately
selected and output in the display order to the
synthesizer 3500.

10 The sub-picture decoder 3100 similarly
generates the sub-picture output request signal
St86 based on the sub-picture decoding start signal
St91l, and outputs to the sub-picture buffer 2700.
In response to the sub-picture output request

15 signal St86, the sub-picture buffer 2700 outputs
the sub-picture stream St85 to the sub-picture
decoder 3100. Based on the presentation time
information contained in the sub-picture stream
St85, the sub-picture decoder 3100 decodes a length

20 of the sub-picture stream St85 corresponding to the
specified presentation time to reproduce and supply
to the synthesizer 3500 the sub-picture signal
Sts9.

The synthesizer 3500 superimposes the

9
9]

selector 3400 output with the sub-picture signal



connect to the preceding or follow ng scene, the procedure noves to step
A306. At step nl306 the interleave flag VOB-Fi is reset, and 5@ mgﬁﬁgdure
noves to step ml800. 5 if step #1200 returns YES, however ereis
a nmufti-angl e connection, the procedure noves to step ni4. 00 At step
#1400, the nufti-angle flag VOB~Fm and interleave flag VOB-Fi are set, and
t'r~e 10 procedure noves to step A500. At step A500 the encodi ng system
controller 200 determ nes whet her the audi o~and vi deo can be seamnl essly
switched in a nufti-angle scene period, i.e., at a reproduction unit
small er 15 than the VOB, based on +h@) scenario data St7. If step #1S00
returns NO i.e., non-seam ess swtching occurs, the procedure nobves to
step AO0O. At step A600 the nufti-angle seam ess switching flag VOB-FsV

i ndicatir_g whether angle 20 changes within the nufti-angle scene period
are seanml ess or nct is reset, and the procedure noves to step A800.
However, if step #1S00 returns YES, i.e., seanless switching occurs, the
procedure $96s to ge2beAptid A3 cutipult Hhestepd#ly 08ighm hubtik@dgl e
seanl ess switching flag VOB-FsV is set, and the procedure noves to step
A800. Therzdoitdre agld&mvnday:a heuftlmmtcﬂmrnmmas. FB§0@4, encode paraneter
production (step A800) is only begun after the editing information is
detected fromthe abbie farléglébt@?ﬁ@;d@% BRO G cepIvadaa gp)zi reflecting

the user-defined editing jnstructions. 10 Ba on_t he u§ defined editing
i nstructi ohsP& %%?e%q roftt LGB &*se?g%r% AT 1Rd naHtt? Bt a

Set Suni 15 TRE G0 URLIAL SRR B %?é”%%il&”%@gﬁé Begeaqr he VO

decoding start signal St93. The audio 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

10 the specified presentation time based on the
presentation time information contained in the
.audio stream St87, and outputs the decoded audio
stream St10l1 to the audio data output terminal
3700.

15 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
bitstream MBS corresponding to the selected
scenario.

It should be noted that the decoding

25 system controller 2300 may supply the title



15 encode the source streans, ar_d the encoding paraneters of the VOB data
units shown in Fig. 29 are produced, in step #1800. The procemissihes
noves to step #1900 for audi o and video encodi ng. The er_code paraneter
production steps 20 (step A800) are described in greater detail bel ow
referring to Figs. 35, 30, 37, and 38. Based on the encode paraneters
produced in step #1800, the ~,rideo data ar_d audio data are encoded in
step nB00, and the procedure noves to ?s ;ray =~ 25 April 2003 _ 1.~~
Note that the sub-picture data is nornmally inserted durir_g video
reproduction on ar_ as-needed basisl0bhnd contiguity with the preceding and
follow ng scenes is therefore not usually 5 necessary. Moreover, the
sub-picture data is nornmally video information for one frane, and unlike
audi o and vi deo data having an extended time-base, sub-picture data is
usually static, and is not normally presented continuously. Because 10 the
present invention relates specifically to seanl ess and non-seam ess

conti guousiméprmatctiicon as gieskr S0 8bdve, tihescs cpriaoniof sebspitdure data
encoding is onmtted herein for sinplicity. Step #2000 is the last step in a
| oop 15 c@hP0sily steamss#300 thestiopf 20003 ammoursesathiicnsodBviashe
repeated as many times as there are VOB Sets. This | oop formats the program
chai n VTSTERELeBeoRrRPN & He r SPQEREN JReS&fuenc & THRAY8idiet Veepr oduct i on
information for each VOB in the 20 titl%ﬁérAi&i 16% in the proqrar chain
data strudSPBRThPedRhFES 1R OB FRohkedulRy - SBEne PEr dol? SO

ST Bam ondeth TS nE 9 Lol & Enth hoVSer B e lp IR0 oL 25t A8 | 2003

-143 At s %%%QQ- ME Sefrdat g gﬁﬂé' %Eﬁgd t di ng
infornati%%ggab e %?Egddlng t Eﬂ?oﬁgﬁféu ngo U%% etsé§C§%§NE?%€l
obt ai ned @}:eirc%ﬁyl ikt he f:00R HHOugh Biep #2008t ierthe VEB3et data
stream and settir_g the nunber of titles TITLE NO defining the nunber of
scenari o EPSOHLt the poihstre hhe serRAG D~datttn SET6Theoprngede® §hen
noves to step #2200.

the title information signal St200, and displaying

10 this title information on a display for user
selection.
Note, further, that the strxream buffer
2400, video buffer 2600, sub-picture buffer 2700,
audio buffer 2800, and reordering buffer 3300 are
15 expressed above and in the figures as separate
entities because they are functionally different.
It will be obvious, however, that a single buffer
memory can be controlled to provide the same
discrete functionality by time-share controlled use
20 of a buffer memory with an operating speed plural
times faster than the read and write rates of these
separate buffers.
Multi-scene control

The concept of multiple angle scene

[ 3%
]

control according to the present invention is



System stream encodir_g producing the VOB 10 (VOB#i) data in the VIS title
VOBS (VTISTT VOBS) (Fig. 16) is acconplished in step #2200 ba§g¢g9mgbmye
encoded vi deo stream and encoded audi o stream output from step #1900, and
the encode paraneters in Fig. 29. The procedure then noves to step 15
#2300. At step #2300 the VTS information VTSI, VTSI managenent table VTSI
vl .~T, VISPGC i nformation table VIS-PGCI T, ar_d the program chain

i nformation VIS PGCl#i controlling the VOB data reproduction 20 sequence
showr _in Fig. 16 are produced, and formatting to, for exanple, interleave
the VOB contained in the nmulti-scenteriods, is acconplirshed. The encode
par anmet er production subroutine ?j S~'10~a ® -3S StDr~rlp.n"~i N ~ ~ ~ |
3~~ ~Sr_SD~' b~~~ ~C 25 April 2003 -I.t-t using Figs. 35, 36, and 37
usi ng by way of exanple the operation ger_erating the encode paraneters for
mufti-angle control. Starting fromFig. 35, the process for 5 generating
the encode paraneters of a non-seaml ess switching streamw th nufti-angle

control igaeseiided beldw Witshstedarengenemateidguwhenlst elmA500 in F
ig. 34 returns NOand tire followir_g flags are set as shown: VOB Fsb - 1
or VOB-Fstlesdriled/CBEpre, 1,cMOBeE thiat @BnFime playadvORERV 0. The
foll owi ng operation produces the encoding information tables shown in Fig.
27 and~Fi &/18, nalterpelendsdd paians e Shoen St Rr§eoiramsbas #¢812,
the scenario reproductior 15 sequence (path) contained in the sg¢enario
data St7 SEWEr RIBYOGTHCOOE TR IiiFbdA DAOBSONDIYR §& | eafd: t he DB,

nunmper VOB is.set for or_e or.mye VOB in.the VOB _Set. At step nl8l4 t he
maxPrmum bt aPEMQRF§§%&ﬁoPQ%%gﬁﬁeﬁPEﬁkﬁSVagigrQHﬁﬁcﬁmjfromthe

Soenar! 0 48R Bl en e G IULIER AT P LB MTE 11 om (e
1). 25 RUdHa20Q3 téyiests. In Fig. 21, scenes 1, 5, and 8
are the common scenes of the basic scene periods.
The multi-angle scenes (angles 1, 2, and 3) between
10 scenes 1 and 5, and the parental locked scenes
(scenes 6 and 7) between scenes 5 and 8, are the
multi-scene periods.
Scenes taken from different angles, i.e.,
angles 1, 2, and 3 in this example, can be
15 dynamically selected and reproduced during playback
in the multi-angle scene period. In the parental
locked scene period, however, only one of the
avallable scenes, scenes 6 and 7, having different
content can be selected, and must be selected
20 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 the scenario selection data

25 St51. 1In scenario 1 in Fig. 21 the user can freely



At step #1816, the mninmuminterl eaved unit presentation tine ILVL~ Ml is
extracted fromthe scenario data St7. At step #1818, the vi deg s ede3 GOP
structure GOPST values N - 15 and bl - 3 are set, and the GOP structure
fixing flag GOP-F:cflag is set (= 1), based on the nulti-scer_e flag VOB-Fp
setting (= 1) . Step tt1820 is the common VOB data setting 10 routi ne,

whi ch is described below referring to the flow chart in Fig. 36. This
common VOB data setting routine produces the encoding information tables
shown in Figs. 27 and 28, and the encode paraneters shown i.n Fig. 29. 15 At
step #1822 the video materi al start %3 me VOB VST and vidéo naterial end
time VOB VEND are extracted for each VOB, and the video encode start tine V
STTM and vi deo encode end tinme V ENDTM are used as vi deo encodi ng
paranmeters. 20 At step A824 the audio material start tine VOB AST of each
VOB is extracted fromthe scer _ario data St7, and the audi o encode start
time A STTMis set as an_audi o encodj ng paraneter. At step #1825 the audio
material GRLeGk anys @prtheooglt1=-anEkansG9 88ra TR, FSBStCa tine
not excee%&g he VOB REND. tine. This tinme ex racte% at an_audj o.access

unit (AAU eRs PHRS GG O~ BRc ddr e R tPHE A ENSTR WARGFRSSdn audi o
5 Note _t.hat audio_a 1S get ﬁgéned by

c1 0001 RLae ere p dobe gk e aydio, ascess, il dall i gt
oL e OB el o gnce LEtuear Lho YoHen ICRe o Sabtige v STTW ane
parameter .gscenes, and scene 7 has been 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

10 case that a scenario requested by the user is shown
with respect to a VTSI data construction. The
scenario 1 and scenario 2 shown in Fig. 21 are
described as program chain information VTS_PGC#l
and VTS_PGC#2. VTS _PGC#1l describing the scenario 1

15 consists of cell playback information C_PBI#1
corresponding to scene 1, C _PBI#2, C_PBI#3, and
C_PBI#4 within a multi-angle cell block, C_PBI%S
corresponding to scene 5, C_PBI#6 corresponding to
scene 6, and C_PBI#7 corresponding to scene 8.

20 VIS_PGCIs2 describing the scenario 2
consists of cell playback information C_P3I#1
corresponding to scene 1, C_PBI#2, C_P3I#3, and

C_PBI#4 within a multi-angle cell block

corresponding to a multi-angle scene, C_PBI#S

i~
[V ]}

corresponding to scene 5, C PBI#6 corresponding to



At step #1830 the audio end gap A ENDGAP obtained fromthe difference
bet ween the video encode end tinme V ENDTM and t he audi o enCOg%sﬁﬁ#%ob tinme
A ENDTM i s defined as a system encode paraneter. At step #18 the Vvideo
er _coding bit rate VBR is extracted fromthe scenario data St7, and the
vi deo encode bit rate V R ~TE, which is the 20 average bit rate of video
encoding, is set as a video encoding paraneter. At step #1834 the audio
encoding bit rate ABRis extracted fromthe scenario data St7, and the
audi o encode bit rate A RATE is set as an audio 25 an codir_a oaramner_er
25 April 2003 - 1.47 At step r183010he video material type VOB V KIND is
extracted fromthe scenario data St7. If the material is a filmtype, I . a

, a novie converted to tel evision broadcast format (so-called S tel ecine
conversion), reverse telecir_e conversior_ is set for the video encode node
V ENCMD, and defined as a video encoding paraneter. At step A838 the audio
coding nethod VOB-A KIND is extracted fromthe scenario data St7, 10 and
the encodiggef®t hod iznget Ry atdireansode igharb ASENGMD and set as an
audi o encodi ng paraneter.

According to the digital video system data

structure, a scene which is a control unit of a
scenario is described as a cell which is a unit

thereunder, thus a scenario regquested by a user can

W

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 VISTT VOBS.

10 As specifically shown in Fig. 31, the two scenarios
1 and 2 use the same VOB data in common. With
respect to a single scene commeonly owned by each
scenario, VOB#1 corresponding to scene 1, VOB#5
corresponding to scene 5, and VOB#8 corresponding

15 to scene 8 are arranged in non-interleaved block
which is the contiguous block.

With respect to the multi-angle data
commeonly owned by scenarios 1 and 2, one angle
scene data 1is constructed by a single VOB.

20 Specifically speaking, angle 1 i1s 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 between each angle and

J
9]

seamless reproduction of each angle data. Scenes 6



At step #1840 the initial video encode data V INTST sets the initial val ue
of the VBV 13 buffer to a value |less than the VBV buffer end %88 by
the | ast video encode data V_ENDST, and defined as a video enco |ng
paraneter. At step A842 the VOB nunber VOH NO of the precedi ng connection
is set to the preceding vOB ?0 nunber B VOB NO based on the setting (= 1)
of the preceding VOB seanl ess connection flag VOB-Fsb, and set as a system
encode paraneter. At step nl844 the VOB nunber VOB NO of the foll ow ng
connection is set to the followng VOB 1 -~ ~~ - 2~~~ 11..1llv
~Gttl.rlg (= ~?2 171 tle@" 25 Aprosl- 2003 -1~8 foll ow ng VOB seanl ess
connection flag VOB rFsf, and set as a system encode paraneter. The
encodi ng information table and encode paraneters are thus generated for a
mul ti-angle VOB 5 Set with non-seam ess nulti-angle switchir_g control
enabl ed. The process for ger_erating the encode paraneters of a seanl ess
swtching streamw th nufti-angle control is described belowwth 10 t5
reference sadig. cthiaS»-Stbeas@bﬁager@satlecbmﬂem,stfesﬁﬁéaﬁzjxﬁeEm. 3a
returns YES and the following flags are set as shown: VOH Fsb - 1 or VOB, F
s f - 1, VaBs Pormed ¥WEHfFhie -idteriGBawmd dloak FOB- Fshe- skk&hef
follomﬁr g operation produces the encoding informatior_ tables shown ir
Fig. 27 andeEmless mapurnoduetdode paWees scomswl Brangs rxfore

and behind thereof as well as seamless reproduction

5 between each scene.

As described in the above, the user’s
reguesting scenario shown in Fig. 21 can be
realized by utilizing the video title playback
control information shown in Fig. 30 and the title

10 playback VOB data structure shown in Fig. 31.
Seamless plavback

The seamless playback capability briefly
mentioned above with regard to the digital video
disk system data structure is described below.

15 Note that seamless playback refers to the
reproduction in a digital video disk system of
multimedia data including wvideo, audio, and
sub-picture data without intermittent breaks in the
data or information between basic scene periods,

20 between basic scene periods and multi-scene

veriods, and between multi-scene periods.

Hardware factors contributing to
intermittent playback of this data and title

content include decoder underflow, i.e., an



The foll ow ng operation produces the 20 encoding i nformati on tables shown
in Fig. 27 and rFig. 28, and the encode paraneters show |n2h3|,q,r,|§§03At
step #1850, the scenario reproduction sequence (path) contained in
scenario data St7 is extracted, the VOB Set nunber VOBS NO is set, 25
April 2003 -1.~9 an d the VOB nunber Vo3 NOis set for or_e or nore VOB in
the VOB Set. At step #1852 the maxinmumbit rate ILV BR of the interl eaved
VOB is extracted fromthe 3 scenario data St7, and the nmaxi mum vi deo encode
bit rate V MR ~. TE fromthe encode paraneters is set based on the

ir_terl eave flag VOB-Fi setting (=106 - At step #185a, the mini num

i nterl eaved

imbalance between the scurce data input speed and
the decoding speed of the input source data.
Other factors relate to the propexties of

the playback data. When the playback data is data

[#)]

that must be continuously reproduced for a constant
time unit in order for the user to understand the
content or information, e.g., audio data, data
continuity is lost when the required continuous
presentation time cannot be assured. Reproduction
10 of such information whereby the required continuity
is assured is referred to as "contiguous
information reproduction," or "seamless information
reproduction." Reproduction of this information

when the required continuity cannot be assured is

15 referred to as "non-continuous information
reproduction," or "non-seamless information
reproduction." It is obvious that continuous

information reproduction and non-continuous
information reproduction are, respectively,
20 seamless and non-seamless reproduction.

Note that seamless reproduction can be
further categorized as seamless data reproduction
and seamless information reproduction. Seamless
data reproducticn is defined as preventing physical

25 blanks or interruptions in the data playback



unit presentation tinme ILVU MI is extracted fromx0 the scenario data St7.
At step #18S6, the video encode GOP structure GOPST val ues N25Agrii@2003M - 3
are set, and the GOP structure fixing flag GOP-Fxflag is set (= 1), based
on the nmulti-scene flag VOB Fp setting 15 (= 1) . At step #1858, the video
encode GOP GOPST is set to "closed GOP" based on the multi-angle seanl ess
switching flag VOB_FsV setting (= 1), and the video encoding parameters are
thus defined. 20 Step #1850 is the conmpn VOB data setting routine, which
is as described referring to the flow chart in Fig. 35. Further description
thereof is thus omtted here. The-ehﬁbde paranmeters of a seam ess W' _
=1":i:":~ S '=" "N~ -, -~~~ ~ 1= J-L~r~~ [ 3=a ~1:U. S
25 April 2003 -1~ 0 defined for a VOB Set with nuftl-angle control as

descri bed above. The process for generating the encode paraneters for a
system streamin which parental |ock control is inplenmented is described
below with reference to Fig. 38. This streamis generated when step #1200
ir_ Fig. 3rincermseNerndrsepodidizioauras ¥ESesUd. oﬁeaobuﬂfag
flags are set as shown: VOB-Fsb - 1 or VOB-Fsf - 1, VOB-F p 10 1, VOB-Fi -
1, VOB qun@erﬁﬂeowmstoa\x:ﬁg oﬁa@ratammprmucesetacw @ﬁcs)dmgqnﬁm@trﬁmnon
tables shown in Fig. .27 and Fig end the encode paraneters shown in
Fig. 29. me@r@@mgwnthé %ﬁ.meéir@gr RERVESH 1BIs @pRASER bat h)

contained .in the scenario data St7 .is_extracted, the VOB Set .nunber, VOHS NO
is set, and‘t ﬁé:%gﬁlﬂﬁu%r *‘VC%'IP\@ |1§1-s@t-'qeg-“r 18He %?eﬁnr%e%%‘ﬁnah@WGB

Set 5 the user (intermittent presentation) when
recognizing information from the playback data
where there are no actual physical'breaks in the
data reproduction.

Details of Seamless vlavback

10 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

15 above are recorded using an appropriate authoring
encoder EC as a movie or other multimedia title on
a DVD recording medium. Note that the following
description refers to a movie as the multimedia
title being processed, but it will be obvious that

20 the invention shall not be so limited.

Supplying a single movie in a format
enabling the movie to be used in plural different
cultural regions or countries requires the script

to be recorded in the variocus languages used in

[ 3%
(¥ ]}

those regions or countries. It may even



At step #1872 the ma:~imumbit rate ILV BR 20 of the interleaved VOB is
extracted fromthe scenario data St7, and the maxi numvideo encRgf Jops rate
V MRATE fromthe encode paraneters is set based on the int~rlea~se flag
VOB Fi setting (= 1). 12 3 4 5X 25 April 2003 25 April 2003 - 1~1 At
step A872 the nunber of interleaved VOB divisions ILV DIV is extracted prom
the scenario data St7. Step 1870 is the commpbn VOB data setting S routir_e,
which is as described referring to the flow chart in Fig. 35. Further
description thereof is thus omtted Fgre. The encode paraneters of a system
streamin which parental |ock contFdP3is i npl enented are 10 thus defined
for a VOB Set with nufti-scene selection control enabled as descri bed

above. The process for generating the encode paraneters for a system stream
containing a single scene is described beloww th reference to Fig. 32. 15
This streamis generated when step #900 in Fig. 34 returns NO i.e., when
vOB- Fp=0. The fol| ow ng operation produces the encoding_information tables
shown in MYCeSAhRaTs ©did 184d e EsvBefartreCaBRISRewW £ tREy. 20.
30 At step A880, scenari o reproducti on sequence (path) con;ained in the

scenari o FRESS 75t“’|q§' é‘%???téi S PEIT VBB O3LF Rmifd -GBS RG icH &L,lrﬁﬁpl- t he
voB m"meﬁogﬁ'&%iﬁéﬁguéﬂ'Qniéyggpg%§§§i9§tQEd%E§§m5yst§%Aggl

2003
the DVD system, however, it is necessary to reduce

the bit rate, and therefore the image quality, if

(7]

plural full-length titles edited from a single
common source title are recorded td a single disk.
This problem can be solved by recording the common
parts of plural titles only once, and recording the
10 segments different in each title for each different
title only. This method makes it possible to
record plural ‘titles for different countries or
cultures to a single optical disk without reducing
the bit rate, and, therefore, retaining high image
15 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
multi-scene periods containing scenes specific to

20 certain scenarios, to provide parental lock control
and multi-angle scene control functions.

In the case of the parental lock control
function, titles containing sex scenes, violent
scenes, or other scenes deemed unsuitable for

children, i.e., so-called "adult scenes," are

[
h



At step A882 the maximumbit rate ILV BR of 'the interleaved VOB is
extracted fromthe scenario data St7, and the maxi num video eRGQHf2008 rate
V MRATE fromthe encode paraneters is set 5 based or_ the interleaTle f |ag
VOB~Fi set ring ( =1) . Step 188a is the comobn VOB data settir_g
routine, which is as described referring to the flow chart in Fig. 35.
Further description thereof is thus omtted here. 10 These flow charts for
defining the encoding infornmation table and encode paranmeters thus generate
the paraneters for DVD video, audio, and system stream encodi ng by the DVD
formatter. Decoder flow charts 15 Di&k-to-stream buffer transfer' flow The
decodi ng information table produced by the decodi ng system controller 2300
based on the scenario selection data St51 is described below referring to
Figs. 58 and 59. The decoding 20 information table conprises the decoding
systemtable shown in Fig. 58, and the decodir_g table show_i n Fig. 59
. As shawr _ in Fig. 58, the decoding systemtable conprises a scenario

i nfor mati onetegidédr wainth2% acorblirnatdormt odn cegnsterscemne scemaiiidt 25
April 2003 -153 information register records the title nunber and other
scenari o repeads ~ceiuh chfidrdvaendrs sekcested . by Theseset 18dd estmeand from
the scenario selection data St5l. The cell information register extracts 5
and recor Breh&Ghierrdi by ragtRyddigo thpr adikkt t RELefhd kK8 1St i ng

t he program chai n PGC bgfed on the user-defined scenario, infornmation

extract ed FRESG]FetOcdMar Fd TFCPOETR F ot I WERh S BFe GPTEQTy, the

SCG@?”() basic scene periods.

Multi-angle control can be achieved in a
conventional single-angle title by recording plural
multimedia scenes cobtained by recording the
subjects from the desired plural camera angles to

10 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

15 from the same camera angle but at different times,
data generated by computer graphics, or other video
data.

When data i1s shared between different
scenarios of a single title, it is ocbviously

20 necessary to move the laser beam LS from the common
scene data to the non-common scene data during
reproduction, i.e., to move the optical pickup to a
different position on the DVD recording medium RC1.

The problem here is that the time required to move

18]
(7]

the optical pickup makes it difficult to continue



10 information regi ster contains plural sub-registers, i.e., the angle
nunmber ANGLE NO-reg, VTS nunber VTS NO reg, FGC nunber VTS_P%IAJMQZ?@:Q,
audio ID. AUDIOIDreg, sub-picture ID SP-ID reg, and the system cl ock
reference SCR buffer SCR buffer. 15 The angle. nunber ANGLE NO-reg stores
whi ch angle is reproduced when there are nmultiple angles in the
reproducti on program chain PGC. The VTS nunber VTS NO-reg records the
nunber of the next VTS reproduced from anong the 20 plural VTS on the disk.
The PGC nunber VTS PGCI NOreg records which of tre plural program chains
PGC present in the video title set \VIj§gis to be reproduced for parental

| ock control or other applications. 25 April 2003 - 15~ The audio ID
AUDI O I D reg records which of the plug al audio streans in the VIS are to
be reproduced. The sub-picture ID SP_IDreg records which 5 of the olu:ra
sub-picture streans is to be reproduced when there ara plural sub-picture
streans in the VIS. The system cl ock reference SCR buffer SCR~buffer is the

but fer [ or LeApopaRidys SLOTNORH. L Ne st e li9ek el onel CRSSER Haepr ded

to the pack header as s cribed using Fig. this

tenmporarilyost oF el sy st ¢met! oOck 4 65 8E@nLen SR A1 W PUk elrdBB AeL 8 NY
systemcontroller 2300 as the bitstreamcontrol data St63. 15 The cel

i nf or mat i onTheigs sbefolsdatmi dgnt e f@hb@\i@giwllwiﬁkmdtb? cel | bl ock
mode CHMrreg, cell block type CBT-reg, seanl ess reproduction flag SPF-reg,

i nterl eavedpaldotdatimy &l agradk reef £eSTC(sesramnipdf g rSTIDE0,) skan ess
20 ar_gle change f lag SACF reg, f first cell VOBU start address
C~-FVGBU_SA degapndla st cael PUTORN semquatdessslcalent $o- E&g  waes kel |
bl ock nbode CBM reg stores a value indicating whether plural cells
constitute BFEDSSH UnkPPonal 1B &G8EER L hefe tder RACHEG I CReFL i n

optical disk is read by the optical pickup,
appropriately processed, and temporarily stored to
the track buffer. The stored data is subsequently
10 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
15 inserted between common scene data and selective
scene data necessarily occurs because the data
units associated with individual scenes are
contiguously recorded to the recording tracks of
the recording medium. If data is then read in the
20 recorded sequence, non-selected scene data must be
accessed before accessing and decoding the selected
scene data, and seamless connections with the
selected scene is difficult. The excellent random

access characteristics of the digital video disk



25 April 2003 - 1~5 one functional bloc:, CBlI-reg stores N BLOCK. |f
plural cells cor_stitute one functional bloc:~c, the value F ilopost ored
as the CBMreg value of the first cell ir_ the block, L CELL TS Stéred as
the 5 CBMreg value of the last cell in the block, ar_d BLOCK is stored as
the CBMreg of value all cells betweer_the first and last cells in the

bl ock. The cell block type CBT reg stores a value defining the type of the
bl ock indicated by the 10 cell block node CBMreg. If the cell block is a
mufti-angle block, A BLOCK is stored; if not, N BLOCK is stored. The

seanl ess reproduction flag SPF-reg-ddbres a val ue defining whether that
cell is 15 seanl ess connected with the cell or cell block reproduced

t herebefore. If a seanl ess connection is specified, SM. is stored; if a
seanl ess connection is not specified, NSML is stored. The interl eaved
allocation flag | AF_reg 20 stores a value identifying whether the cel
exists in a,cor_tiguous or ir_terleaved block. If the cell is part of a an
i nterl eavegyidtoe®, Homeire st onade oskemmi 88SNAQNVBEIGE sooredvithe ST
resetting flag STCDF defines 25 whether the systemtine clock STC used for
25 April 298dectsd SGRBRSOPRESIdALARUSt be reset when the cell is

repr oduced; when resetti | ack STC i s necessary, STC

r t;". e systemtine,

RESET is stored; if Fé‘séﬂ"lhig@ i"CHh 'ne]€¥sssc9n§%g§?é_lﬁlR_ESET_ is stored. 5 The
Cell in o RUFRIS AREE Lol Fod ShauNT e Goreatod Chim c681 7 at ‘an angl o
chamge. |{sb-PRsks chpas 43 seeniaz bty eny BRLE £hoann (g
start addr@g¢a units for different scenes in a predefined

sequence that is recorded to disk within the

jumping range whereby an data underflow state does

not occur, it is possible to reproduce the selected

10 scenes without data interruptions by intermittently
accessing and decoding the data specific to the
selected scenes using these split data units.
Seamless data reproduction is thereby assured.
Interleaved block and Interleave unit

15 The interleaving method enabling seamless
data reproduction according to the present
invention is described below with reference to Fig.
24 and Fig. 67. Shown in Fig. 24 is a case from
which three scenarios may be derived, i.e.,

20 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

récorded to a data recording track TR on disk 1is

[
wn

shown in Fig. 67.



~-FVOBU 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 phagkipgnes
sector 15 of the first cell in the VIStitle YOBS (VISTT VOBS) as neasured
by and expressed (stored) as the nunber oz sectors. The last cell VOBU
start address C LVOBU SA reg stores the VOBU start address of the 20 | ast
cell in the block. The value of this address is al so expressed as the
di stance fromthe logic sector of the first cell in the VIStitle VOBS
(VTSTT YOBS) neasured by and e:cpressed (stored) as the nunber of sectors.
25 April 2003 -157 The deccding tabl® shown in Fig. 59 is described bel ow
As shown in Fig. 59, the decoding table conprises the follow ng registers:
information registers for r_on-seam ess nmufti-angle 5 control, information
regi sters for seam ess nmufti-angle control, a VOBU i nformation register,
and information registers for seamnl ess reproduction. The information
regi sters for non-seanless 10 nufti-angle NSM. AG. Cl1 NS1~ NSM. AG. (9,
NVSL AGL_C9. 15 Fi g.R@fiemohhpolt @ oRpg se6Sub-VOF sk erstdDSTAR-dy arNSM. AGL
CO"NDSTA reg. .
video cbjects with independent playback start and
end times, and arse in principle arrayed to
contiguous block regions. 2As shown in Fig. 24, the
5 playback start and end times of VOB-B, VOB-C, and
VOB-D are aligned during interleaving. The
interleaved data blocks are then recorded to disk
to a contiguocus interleaved block region. The
contiguous block regions and interleaved block
10 regions are then written to disk in the track path
Dr direction in the playback sequence. Plural
video objects VOB, i.e., interleaved video objects
VOBS, arrayed to the data recording track TR are
shown in Fig. 67.
15 Referring to Fig. 67, data regions to
which data is continuously arrayed are called
"blocks," of which there are two types: "contiguous
block regions" in which VOB with discrete starting
and end points are contiguocusly arrayed, and
20 "interleaved block regions" in which plural VOB
with aligned starting and end points are
interleaved. The respective blocks are arrayed as
shown in Fig. 68 in the playback sequence, i.e.,

block 1, block 2, block 3, . . . Dblock 7.



ZL AG.-Cl1 DSTA reg - . DSTA reg record the NVMSL AGL Cl DSTA DSTA val ues in
the PCl packet shown in The information registers for sean ess Api boosngl e
control conprise sub-registers SM. AGL_Cl DSTA-reg - SM. AG._C9 DSTA reg.
SML_AGI_Cl DSTA reg - SM. AG.-C9 DSTA-reg 20 record the SM. AGL C1 DSTA -
SML AGL C9 DSTA values in the DSI packet shown in Fig. 20. The VOBU
information regi ster stores the end pack address VOBU EA in the DSI packet
shown in Fig. 20. 25 April 2003 - 158 The informatior_ registers for
seanl ess ~eproductior. conprise the %pllomjng sub-registers: an interl eaved
ur_it flag ILVU-flag-reg, Unit HWD#% ag UNNT_E~I D, flag”reg, | nterleaved
U it End 5 Address ILVU EA reg, Next Interleaved Unit Start Address

NTAI LVU SA reg, the presentation start time of the first video frane in the
VO (Initial Video Frane Presentation Start Tine) VOB VWrSPTI~l _reg, the
presentation end tinme of the |ast video franme in 10 the VOB (Final Video

Ctoppi ng (i me 1 VGRS ASSHIRTHE rehS -atfo 1HT 0ddSt | bt ot SpgiREL i me. 2
B AP st feegluckaapecucl | mh sopping per A AVCR .
(o o, FLEBE oA Rl e [ parieo Shacacthe uae & pdiig
stores |LYU gf 14812k Nchdafbif, nebntain VOBS 2, 3, 6, and

5 10. Blocks 2, 3, 5, and 7 are thus contiguous
block regions.

Block 4, however, contains VOB 4 and VOB 5
interleaved together, while block 6 contains VOB 7,
VOB 8, and VOB 9 interleaved together. Blocks 4

10 and 6 are thus interleaved block regions.

The internal data structure of the
contiguous block regions is shown in Fig. 69 with
VOB-1i and VOB-j arrayed as the contiguous blocks in
the VOBs. As described with reference to Fig. 16,

15 VOB-1 and VOB-j inside the contiguous block regions
are further logically divided into cells as the
playback unit. Both VOB-i and VOB-j in this figure
are shown comprising three cells CELL #1, CELL #2,
and CELL #3.

20 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

9
W

control information of the digital video disk



The Unit END flag UNIT_END-fl ag-reg stores the val ue indicating whether the
vi deo object unit VOBU is the last VOBU in the interl eaved “QBUH%#E@bS
Because the interleaved unit ILVUis the data unit 25 for continuous
reading, the UNIT _END-flag _reg 25 April 2003 - 159 stores ENDif the
VOBU currently being read is the last VOBU in the interleaved unit |LVU,
and otherwi se stores N END. . The Interleaved Unit End Address 5 I LVU EA
reg stores the address of the last pack in the ILVIJ to which the VOBU
belongs if the VOBUis in an interleaved block. This address is expressed
as the nunmber of sectors fromthe nbBM gati on pack NV of that VOBU. | O The
Next Interleaved Unit Start Address NT-ILVU SA reg stores the start address
of the next interleaved unit ILVUIif the VOBUis in an interleaved bl ock.
This address is al so expressed as the nunber of sectors fromthe navigation
pack 15 NV of that VOBU. The Initial Video Frame Presentation Start Tine
regi ster VOB V_.SPTMreg stores the tinme at which presentation of the first
video framsdpetiie. V Wrs¢astisec2@ ithel Eiynal cNideopbsdnei Bresent ati on

information is the address of the first and last
VOBU in the cell. As also shown in Fig. 69, these
VOB and the cells defined therein are also recorded

to a contiguous block region so that contiguous

(¥ 1}

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. 70. In
10 the interleaved block regions each video object VOB
is divided into interleaved units ILVU, and the
interleaved units ILVU associated with each VOB are
alternately arrayed. Cell boundaries are defined
independently of the interleaved units ILVU. For
15 example, VOB-k is divided into four interleaved
units ILVUk1l, ILVUk2, ILVUk3, and ILVUk4, and are
confined by a single cell CELL#k. VOB-k is likewise
divided into four interleaved units ILVUml, ILVUm2,
ILVUm3, and ILVUm4, and is confined by a sincle
20 cell 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 more than two cells. The interleaved
units ILVU thus contains both audio and video data.
In the example shown in Fig. 70, the

interleaved units ILVUk1l, ILVUk2, ILVUk3, and

[
W



Term nation Time register VOB V_EPTMreg stores the tinme at which

presentation of the last video frame in the VOB ends. The audj®

reproduction stopping tine 1 25 VOH A-STP_PTNI 1-reg stores the
whi ch the 25 April 2003 -160 audio is to be paused to enable

bpri200p

rcSVI | Ch~oni zati on, and the audi o reproductior_ stopping period 1 VOB ~

G?~P LEN1-reg stores th a 1 ength of thi s pause period. S The

audi o

reproductior_ stopping time 2 VOB-A STP-PTM2-reg and audi o reproduction
stopping period 2 VOB A GAP LEN2-reg store the sane val ues. The operation
of the DVD decoder DCD according ta fise. present invention as shown ir_ Fig.

10 26 is described next belowwth reference to the flow chart
At step #310202 it is first determ ned whether a di sk has been

in Fig. 60.
inserted. |If

it has, the procedure noves to step #310204. 15 At step #310204, the vol une
file structure VFS (Fig. 21) is read, and the procedure noves to step
#310206. At step #3102G5, the video nmanager VMG (Fig. 21) is read and the

video titl eraeyk¥TS 49dber 17PURApr OdugRinbS extvesBed. ahlde protrgure ther_
noves to step #310208. At step #31G208, the video title set menu address

i nformati of yrd Swo ABT fife exhiack £l efd opbjkac tydSVIORB okmeth 4N WOSkm and t he

procedure noves 25 to st~o #310210. 25 April 2003 - 161

are alternately arraysd within a single interleaved

block. By interleaving the interleaved units ILVU

(V)

of two video objects VOB in this sequence, it is

possible to achieve seamless reproduction branching

from one scene to one of plural scenes, and from

one of plural scenes to one scene.
Multi-scene control

10 The multi-scene period is described

together with the concept of multi-scene control

according to the present invention using by way of

example a title comprising scenes recorded from

different angles.

15 Each scene in multi-scene control is

recorded from 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.

20 Parental control

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. 40.



At step nB10210 the video title set menu VIS~I VOBS is read fromthe disk
based on the video title set nenu address information VTS|VI1§A$H¢0@gd t he
title selection menu is presented. 5 The user is thus able to select the
desired title from this nenu in step #310212. If the titles include both
contiguous~titles with r_o user-selectable content, and titles containing
audi o nunbers, sub-picture nunbers, or nufti-angle 10 scene content, the
user nust also enter the desired angle nunber. Once the user selectionis
conpl eted, the procedure noves to step #310214. At step @10214, the
VIS_PGCI ~i programchain (PGC) datg bl ock corresponding to the title 15
nunber sel ected by the user is~extracted fromthe VISPGC i nfornation table
VIS PGCIT, and t'r_e procedure noves to step @B10216. Reproductior_ of the
program chai n PGC then begins at step n310216. Wen program chai n PGC 20
reproduction is finished, the decoding process ends. If a separate title is
thereafter to be reproduced as determned by nonitorir_g key entry to tze

Z\‘.;?Pi"” '58826' T2 Pr oditare KAt hE 2a5!erﬁ?§ te—?ré‘?sé‘#é}%éﬁ%#%&%"h h =
PGC 1 epr oBER .on%t ?ﬁéfc%ﬁ%%g?%”a% &k”%éﬁs?@#é%o%q i o8
#31035 3 | Fi

55 1s dect bt “Fhe f’f*n%%ﬁ%r%é‘é“&%aﬂ? e o ORI A TR
number VTgeREC :JQah% agei ot PeAURt O=h2 & edectfdd Qsy0iRi £HUEE ID

SP_ID reg are set accordlng to the selections made by the user using the

scepari o gelrectbriZdoen Quce tdenPelriedbd 1 ear adicke lmpémwmnddmt he
corresponding cell information (FGC 15 information entries C PBlI #j)

ext r act edpamenha kel bdinfoomdtroh, r égist érit Sedeft ne@m The Si&)coegieder S
therein that are defined are the ceII bl ock node CBMreg, cell block type
CBT reg, Wadnteds CF@Bbédlﬁ:‘tlﬂ-@ﬁl fPhg CWOF’egFYEﬁ-t%ﬁI s&KRAPS HF8cation

flag | AF rggé STC ettln fIa seanl ess | e changf fl
st

SACE I g’ T8 nU Tra it et el BT B s Pl Sodtan: 8841 voeu

start addr%ﬁ%&&%%%%}%%éegdult scenes, and a child-oriented

10 system stream SSd containing only the scenes
suitable for children. Title streams such as this
are recorded as a multi-scene system stream
containing the adult-oriented system stream Ssc and
the child-oriented system stream Ssd arrayed to the

15 multi-scene period between common system streams
Ssb and Sse.

The relationship between each of the
ccmponent titles and the system stream recorded to
the program chain PGC of a title stream thus

20 comprised is described below.

The adult-oriented title program 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

25 child-oriented title program chain PGC2 comprises



Once the decoding systemtable is defined, 25 the process transferring data
to the stream buffer 25 April 2003 -163 (step #31032) ap_dj%@&wpggggjs
decoding the data in the streambuffer (step #31034) are activated In
parallel. The process transferring data to the 5 stream buffer (step
#31032) is the process of transferring data fromthe recording nedium~l to
the stream buffer 2400. This is, therefore, the processing of reading the
rectuired da a fromthe recording medium M and inputting the data to the 10
stream buffer 2400 according to the user-selected title information and the
pl ayback control information (navi.ggtion packs NV) witten-in the stream
The routine shown as step #31034 is the 15 process for decoding the data
stored to the stream buffer 2400 (Fig. 25), and outputting the decoded data
to the video data output term nal 3500 and audi o data out put term nal 3700.
Thus, is the process for decoding and reproducing the data 20 stored to the
stream buffer 2400. Note that step #31032 and step #31034 are executed in

parallel.;Ih iLn i e Q32 &gy eklaa a SeREOCESSI Ng
one cell %ﬁ'?%g Ieté%? ?¥H§5Efg&gébé%ﬁ?%édﬁfﬁéEtg%ﬁgglgggamﬁg¥%e§e e

conbl ate £hZd ARHI1d2893 sntbd sPEIHMANsEIa amPEgDas abeentprocessed. |f
processing the conplete programchain PG is r_ot conpleted, the decoding

system t abbgnmsndefyaeenf astteeamestiseel | in step #31030. This | oop from
step
By thus arraying the adult-oriented system

L7/}

stream Ssc and child-oriented system stream Ssd to
a multi-scene period, the decoding method
previously described can reproduce‘the title
containing adult-oriented content by reproducing
the common system streams Ssa and Ssb, then

10 selecting and reproducing the adult-oriented system
stream Ssc, and then reproducing the common system
stream Sse as instructed by the adult-oriented
title program chain PGCl. By alternatively

following the child-oriented title program chain

(7]

PGC2 and selecting the child-oriented system stream
Ssd in the multi-scene period, a child-oriented
title from which the adult-oriented scenes have
been expurgated can be reproduced.

This method of providing in the title
20 stream a multi-scene period containing plural
alternative scenes, selecting which of the scenes
in the multi-scene period are to be reproduced
before playback begins, and generating plural

titles containing essentially the same title



5 #31030 through step #31035 is repeated until the entire program chain PGC
is processed. The stream buffer data transfer process of ste&sﬁﬁﬁpgg 4S
described ir_ further detail belowreferring to Fig. 62. The strean1%uffer
data 10 transfer process (step #31032) conprises steps #31040, #31042,
#31044, #31046, and #31048 shown in the figure. At step #31040 it is

determ ned whether the cell is a nulti-angle cell. If r_ot, the 15
procedure noves to step #30144. At step #31044 the non-nufti-angle cel
decodi ng process is executed. However, if step #30140 returns YES because
the cell is a mufti-angle cell, tgﬁlgq procedure noves to step #30142 where
the seanl ess angl e change flag SACF'I's evaluated to determ ne whet her

seanl ess angl e reproduction is specified. If seam ess angle reproduction is
specified, the seanm ess nufti-angl e decoding 25 process is executed ir_
steo #30146. |~' seanl ess 25 April 2003 -1b5 angle reproduction is r_ot
specified, the r_on-seam ess nulti-angle decoding process is executed in

tep #30148. T ~ ~multi_-angl | | _decod; 5,(Step #31044,
i o) 02) FONRRRF bRt BT er Thi owsRache Pofiot oHBE G0 R C83 %6t e hat

t he non- < he i process (step #31044) conprises the steps
#31050, gg%&%ﬁ?egg;&ﬁgékO%%%gﬁﬁggqirst step #31050 eval uates the 10
interleaved allocat jppd| E&d?ﬁ%é@%ﬂ@a@ef‘f{b@‘ e~ ¥Rt eav&re% %§I | is in an

interleaved block. If it Is, non-nul ti-angle inter ock process
is execut@dmdy Sber#3385% £ TRaN0peRdd i varDl tebld ef beayesblack 15

process (step #310S2) processes scene branching and connecti on where
sedrl ess chidettreonsEaom spedefgiatabile fooneempl.e, Brouf ttkhecene peri od.
perspective of system stream processing, however,
parental lock control is a technology for
statically generating different title streams by
means of the user pre-selecting specific scenes
10 from a multi-scene period. Note, further, that
this contrasts with multi-angle scene control,
which is a technology for dynamically changing the
content of a single title by means of the user
selecting scenes from the multi-scene period freely
15 and in real-time during title playback.

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 editing certain scenes

20 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 ailrplane where the presentation time is too
long for viewing within the flight time or certain

25 content may not be acceptable. The movie director



However, if the cell is not in an interleaved bl ock, the non-nufti-angle
contiguous 20 bl ock process is executed in step #310%4. hbte:&ﬂ@&ﬂbeﬁ3step
#31054 process is the process executed when there is r_o scene branching or
connecti on. 25 April 2003 -166 The r_or_-nufti-angle ir_terleav2d bl ock
process (step #31052, Fig. 63) is described further below with referer_ce
to Fig. 64. At step #31000 the readir_g head 2006 is junped to the first
cell VOBU start address C FVOBU SA read fromthe C FVO3U SA reg register.
More specifically, the address dat§ FVOBU SA-reg stored in the decoding
systemcontroller 2300 (Fig. 26) i lin"put as bitstream 10 reproduction
control signal St53 to the reproduction controller 2002. The reproduction
controller 2002 thus controls the recording nedia drive unit 2004 and
signal processor 2008 to nove the reading head 2006 to the specified
address, 15 data is read, error correction code ECC and ot her signal
processing is acconplished by the signal processor 2008, and the cell start

VOBU dat atifttsuBff S8R INRS r ¥higeic SEFPLESt Mvh B 1CHS the Sheumauf fer
2400. Th d th 20 st #31062. At St #31062 the DS
packet dSF réjﬁ%%uvgf%av?ggigg\émg. F%ﬁvgg‘ﬁfb.]b%)r%o&f%@r ﬁ’c’ttéﬁ i net he

t buf.f 240 I | £ L5 qdef.i d

Co Step #amE. Arnba® IGRY QAR L B R BE e SO g DRI TRV

Apri | 200%&:‘%}%& Léé%f’%'éé'n{ e@tr‘!&r{x/%%%}%_%% M8 VPP MdAGSGcA:S 1S, are

V_EPTM r eq, A PTML_r eq, PTM2-reg, W N -reg,

ar_g VOB- ASAPrHRM®-£80multi-scene periods. At the transition
from one system stream to another system stream in
such applications, parental lock control must be
able to maintain smooth playback image ocutput.
More specifically, seamless data reproduction
10 whereby a data underflow state does not occur in
the audio, video, or other buffers, and seamless
information reproduction whereby no unnatural
interruptions are audibly or visibly perceived in
the audio and video playback, are necessary.
15 Multi-angle control
The concept of multi-angle scene control
in the present invention is described next with
reference to Fig. 33. In general, multimedia
titles are obtained by recording both the audio and
20 video information (collectively "recording" below)
of the subject over time T. The angled scene
blocks #SCl, #SM1, #SM2, #SM3, and #SC3 represent
the multimedia scenes obtained at recording unit

times T1l, T2, and T3 by recording the subject at

()
(V]

respective camera angles. Scenes #SMl, #SM2, and



At step #3106a the data fromthe first cell VOBU start address C~-FVOBU- SA
reg to the ILVU end pack address ILVU-EA reqg, i.e.; the data g§$”$§%3
interleaved unit ILVU, is transferred to the stream buffer 230 ) e
procedure then noves to 10 step #31066. Mre specifically, the address data
I LVU EA reg stored in the decoding systemcontroller 2300 (Fig. 26) is
supplied to the reproduction controller 2002. The reproduction 15
controller 2002 thus controls the recording nedia drive unit 2004 and
signal processor 2008 to read the data to the ILVU- EA reg address, and
after error correct~.on code ECC addlot her signal processing is
acconpl i shed by the signal processor 20 2008, the data for the first ILVU
in the cell is output as the reproduced bitstream St61 to the stream buffer
2400. It is thus possible to output the data for one contiguous interleaved
unit ILVU on the recording nediumMto the stream buffer 2~ 2400. 25
April 2003 -168- At step #31066 it is determ ned whether all interl eaved
units in #8M3i mrel eavedrdedk ataveubeenl Lvadlhhfetrentf etftust f the
interleaved unit ILWprocessed is the last [LVLT in the interleaved 5

bl ock, " GEFEPFFEFFanGdisdiTAy MRt | DAT LS seL 3 NFh& FeREA1Vgst ar t

address NT | LW SA regras t he _next read address #f all inter] eaved units in
k

the int erdBaFed bIGckI Rav ERRuS TR ehCHocRBSaE PR Q¥ 0Bty BSmoves to step
#31068. . At . step #31068 the .reading head,2006_] inj unped to the
addr ess NT-FEiTC TSSRPEy AREh *n‘e’xﬂ i%ﬁ%}? v%c%ﬁ}aetggfo be reproduced, and

B e ook LR POt (UL e Lt S50 st
#31068 i Sraferenced 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

10 graphics data. The multi-angle scene periods are
thus the multi-scene periods from which plural
scenes can be selected for presentation in the same
time period, whether or not the scenes are actually
recorded at different camera angles.

15 Scenes #SCl and #SC3 are scenes recorded
at the same common camera angle during recording
unit times T1 and T3, i.e., before and after the
multi-angle scenss. These scenes are therefore
called "common angle scenes." Note that one of the

20 multiple camera angles used in the multi-angle
scenes 1is usually the same as the common camera
angle.

To understand the relaticnship between

these various angled scenes, multi-angle scene



repeated. However, if step #31066 returns YES, i.e., ail interleaved unit
ILWin the interleaved block have been transferred, step #31Qgxdrgepoates.
20 The r _on-multi-angle interleaved bl ock process (step #31052) 't hus
transfers the data of one cell to the stream buffer 2400. The
nor.-mufti-angle contiguous block process is executed in step #3104, Fig.
63, is "1 r~a'cJ,~"r'";Y-a~ F.y~~"I~" |~PlrJ~J ?| ~t_N ~=~~=?"W t'J N . a.
~5. 25 April 2003 -169 At step #31070 the reading head 2006 is junped to
the first cell VOBU start address C FVOHU SA read fromthe C FVOBU SA reg
register. . This junp is also accen@llished as descri bed above, 5 and the

| oop fromstep #31072 to step #31076 is initiated. At step #31072 the DS
packet data ir_ the navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, 10 and the procedure noves to
step #31074. The registers set in the decoding table are the VOBU EA reg,
VOB V SPTMreg, VOB V_EPTMreg, VOB A STP-PTML_reg, VOB A-STP_PTM reg,
VOB- A GAPcbiEMirodg,ianded B AbeAP bENLwensithigAl st epe#3ibFdddwesdata from
the first cell VOBU start address C FVOBU SA reg to the end pack address
VOBU- EA red, &.basabaldatgaher fmr eixdeopdls eeilyhit VOBU, is transferred
to the stream buffer 2400. The procedure then noves to 2Q step #31076. The
data for one video GB}RcECTHINVERF EBntS GRBES ﬁ%?ﬂ-ay%’adtoﬁksqgé Be&e®r di ng

't 1 s ot SEHARH S et hel i 1CEAITC Balh Tad htnSt Fans ¥ Brireh. L EFSVCBU i n
15710 G B2 EP View b Cerlthr 1R 8 B Fnel Heis
through the pitcher, batter, and catcher.

The first angled scene #SM1 is recorded at
the first multi-camera angle, i.e., the camera
angle from the backstop on the axis through the

10 catcher, pitcher, and batter. The second angled
scene #SM2 is recorded at the second multi-camera
angle, i.e., the view from center field on the axis
through the pitcher, batter, and catcher. Note
that the second angled scene #SM2 is thus the same

15 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 recorded
during recording unit time T2. The third angled
scene #SM3 is recorded at the third multi-camera

20 angle, 1.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 period is called the

[
wh

"multi-angle scene period." By freely selecting



25 April 2003 -170 next VOBU is read cor_tir_uously, and the process | oops
back to step n31070. However, if all VOBU data in the cell r-ssafg92003
transferred as determ-.ned by the 5 CGLVOBU- SA reg value in step #31076,
the non-nulti-angle contiguous bl ock process (slap #31054) term nates. This
process~thus transfers the data of one cell to the stream buffer 2400.
Decodincr f lows in the streambuf f er 10 The process for decoding data in
the stream buffer 2400 shown as step #31034 in Fig. 61 is described bel ow
referring to Fig. 66. This process (step #31034) conprises steps #31110,
#3111 2, #31114, and #31116. 13 At -di28p #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 's from
the 20 stream buffer 200 to each of the buffers, i.e., the video buffer
260C, sub-picture buffer 2700, and audi o buffer 2800. At Step #311l 2 the

| dS O the user-selected audio and sub-picture data, i.e., the 25 audio ID
AUDI O | D_ppe anf thes suilt thAled 4Bgle25sApirids 2@8M1 |, 1#SMER- ldnhgeg stored
to the scenario information register si~.owm_in =ig . 58 , a=a conpared
with the $sMsanihD tdnilssubiltieaamyDer esdetronpemd pdckethdeadezweB g. 19),
and the matchir_g packets are

is able to change his or her virtual viewing
position to enjoy a different view of the game as

though the actual camera angle i1s changed. Note

W

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

10 figure for easier description of the data
reproduction paths reproduced by selecting
different angled scenes. There is no actual time
gap during playback.

Multi-angle scene control of the system

15 stream based on the present invention is described
next with reference to Fig. 23 from the perspective
of connecting data blocks. The multimedia data
corresponding to common angle scene #SC is
referenced as common angle data BA, and the common

20 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 #SM1l, #SM2, and #SM3 are referenced as

first, second, and third angle scene data MAl, MA2,

(%)
W

and MA3. As previously described with reference to



5 output to the respective buffers. The procedure then noves to step
#31114. The decode tim ng of the respective decoders (video,dgygmmugbyre,
and audi o decoders) is controlled in step #31114, i.e., the decoding 10
operations of the decoders are synchronized, and the procedure noves to
step #31116. Note that the decoder synchroni zation process of step #31114
is described belowwth reference to Fig. 15. 15 The respective el enentary
strings are then decoded at step #31116. The vi deo decoder 3801 thus reads
and decodes the data fromthe video buffer, the sub-picture decodes 3100
reads and decodes the data fromthelXub-picture buffer, and 20 the audio
dscoder 3200 reads and decodes the data fromthe audio buffer. This stream
buffer data decodi ng process then termr_ates when these decodi ng processes
are conpl et ed. 25 April 2003 The decoder syr_ch=oni zation process of step
#311i4, Fig. 66, is described belowwth reference to Fig. 15. This
processes conprises steps #31120, #31122, and #31124. 5 At step #31120 it

is deternmemieg Wael heg cerse€anifassmcamectiedt r&d spegliicdcbei vieen the
current cell” and the preceding cell. If a seanl ess connection, the

pr ocedur evipywed gt e ¥3ttdhgi bt o ft ther meddur plrovendloe stdepc #31124.
10 A process synchronizing operation for producing sean ess cor_nections is
execut ed imitep MB112MAZAnd angr ¥dess s{ivtreniid nigleseran dhimer .gap

non- seam ess connectjons is executed in step #31124. 15 stem encoder In

the enbodPRERVEEEECENBeCPENGR BRG s B@FerBAL RRddiBRS adtdesMBuf fer

240Q, video puffer 2600,. audi o buffer 2800,. and.reorderj uffer 3300 as
Shotn | n FilghC36 %, enged Pt anentcs r A" 88 WAl

In the case of an MPEG system stream,
however, intermittent breaks in the playback
information can result between the reproduced
common and multiple angle data units depending upon

10 the content of the data at the connection between
the selected multiple angle data unit MAl, MA2, and
MA3 and the common angle data BA (either the first
common angle data BAl before the angle selected in
the multi-angle scene period or the common angle

15 data BA3 following the angle selected in the
multi-angle scene period). The result in this case
is that the title stream is not naturally
reproduced as a single contiguous title, i.e.,
seamless data reproduction is achieved but

20 non-seamless information reproduction results.

The multi-angle selection process whereby
one of plural scenes is seslectively reproduced from
the multi-angle scene period with seamless

information presentation to the scenes before and



20 single time-share controlled buffer of the DVD decoder DCD in the
present invention. Note that in the foll ow ng descriptior_ t@g,ﬂﬁ Y8b3
p

buf fer neans made from sem cor_ductor nenory devices or simlar ysi cal
neans are referred to ~J as IIl,-Jj-!~/S~ ..,.. .:~Frvr~ 1l ~, .~~~ a
P~~~ 1-FL 101351t d 25 April 2003 -173 which different data are

stored by tine-share cor _trolled use of the physical buffers are referred
to as "functional buffers.” Note that sub-picture data decoding is
conpleted instantar_eously, and the S |oad inposed on DVD decoder DCD
operation can thus be ignored in co?dari son with | oad i nposed by the
encoded audi o and video streans. The description of the present enbodi nent
below is therefore limted to a single encoded video streamand a 10 single
encoded audi o streamfor sinplicity. Shown in Figq. 39 are the simulated
results of data input/output to the video buffer 2600 and audi o buffer 2800
of the DvD decoder DCD, and the sequence ir_ which the DVD encoder ECD

mul ti pl exes t1ért Hes edectadi bededballoranw$t2yY apgtheadnicoded raudi o stream
St31 to generate the corresponding bitstream Note that the progression of
tine i s stagibal teided zdhta ayssem Wsed@gaddl Bl SFown at the top row
in Fig. 20 39 shows the packetizing of the encoded video stream St27 by the
DVD encoder ECD. Ead@dngakiy the scene angle, 1.e., selecting

one of the multiple angle data units MAl, MA2, and

(9]}

MA3, must be completed before reproduction of the

preceding common angle data BAl is completed. It

is extremely difficult, for example, to change to a

different angle data unit MA2 during reproduction

of common angle data BAl. This is because the

10 multimedia data has a variable length coded MPEG
data structure, which makes it difficult to find
the data break points (boundaries) in the selected
data blocks. The video may also be disrupted when
the angle is changed because inter-frame

15 correlations are used in the coding process. The
group_of pictures GOP processing unit of the MPEG
standard contains at least one refresh frame, and
closed processing not referencing frames belonging
to another GOP is possible within this GOP

20 processing unit.

In other words, 1f 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 the preceding common angle

o
h

data BAl 1s completed, the angle data selected from



frame Gl indicates a video packet V. The vertical axis indicates the input
transfer rate to the video buffer 2600, and the horizontal axssandibfgsbase
T, 25 indicates the transfer tinme. The area of each video ril 2003
-1~~ packet represer_ts the data size of the pac:~cet. The audi o packets A
are simlarly shown with the area of t'r_e audi o packet also indicating the
packet size. Note, howevsr, that while the audi o packets 5 appear to be

| arger than the video packets V, i.e., contain nore data, the audi o packets
and video packets are all the sane Ki5ze. Data input/output to the video

buf fer 2600 of the DVD decoder DCD is shown on the second row 10 of Fig.

39. The vertical axis Vdv here indicates the accunul ated video data vol une
Vdv in the video buffer 2600. Mre specifically, the first video packet V
in the encoded video stream St71 input to the 15 video buffer 2500 is input
at time Tbl. The Last video packet V in the encoded video stream St71 is
input at HiirehIvf .chenenwSM ithusgl adigetes therdhabgearn phe video data

vol une Vdv accunul ated ~n the video buffer 2600 at the front of the encoded
20 video stramleStgly zebrodeicii.i ndioatsssrhe idhalge éxttieeneilgeo data
vol ume Vdv accunul ated in the video buffer 2600 at the er_d of the encoded
vi deo str@d SLznl Thudl iderdmpedustingnans\VarghtiesHo | agilecs and
ir~put rate to_the video buffer 25 2600. Line BCf indicates the nmaxi num
accunul at BGRMLES Y| FeRplduag sanQpaen ARt ér age t@&p%c 8AThe

\”d§0tn”%%iggq%ngle scene period. It is therefore

difficult when in a multi-angle scene period to
dynamically select a different angle unit
presenting, for example, a view from a different
camera angle.

10 Flow chart: encodexr

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.

15 The encoding information table contains
VOB set data streams containing plural VOB
corresponding to the scene periods beginning and
ending at the scene branching and connecting
points, and VOB data streams corresponding to each

20 scene. These VOB set data streams shown in Fig. 27
are the encoding information tables generated at
step #100 in Fig. 34 by the encoding system
controller 200 for creating the DVD multimedia

stream based on the user-defined title content.



Diote t'

r_at

| ines BCv and BCa are determ ned based on data witten to the

system stream header 5 accordir_g to the N PEG standard. The 2%%?”|2gygat ed
vi deo data volune Vdv in the video buffer 2600 increases |ir and

the first block dl of video data is batch transferred ir

first-in first-out (F ~ FO fashion 10 to the video decoder 3801 mhereby it
is consuned for decoding. As a result, the accunmul ated video data vol une

Vdv is reduced to (BCv - dl), and then continues to accumul ate. Note that
while this exanple shows the accunul ated video data volunme Vdv 15 at tine
Tdl - t-o- have ‘reached -t hemaxi num st b2Gge capaci ty BCv—of--t he—vi deo buf-fer--
not necessary for the accunul ated video data volunme Vdv to have
reached the maxi mum storage capacity BCv when decodi ng begins, and may

obviously be less 20 than the maxi num storage capacity BCv. Part of the

time Tdi

2600, it

dat a dl

point B at the top end of the dotted |ine havi

is

transferred to the video buffer 2600, specifically the data at
ng the sane slope as |ine SVi

and intersecting thehkl NEsdaselaf i2ed ntesgestien ¢bnowasngat a i nput at
time Th. Thus, 25 April 2003

branching points from common scenes to plural

h

10

scenes, or connection points to other common

scenes. The VOB corresponding to the scene period

delimited by these branching and connecting points

is a VOB set, and the data generated to encode a

VOB set 1is the VOB set data stream. The title

number specified by the VOB set data stream is the

title number TITLE_NO of the VOB set data stream.

The VOB Set data structure in Fig. 27

shows the data content for encoding one VOB set in

"the VOB set data stream, and comprises: the VOB set

20

number VOBS_NO, the VOB number VOB_NO in the VOB

set, the preceding VOB seamless connection flag

VOB _Fsb, the following VOB seamless connection flag

VOB _Fsf, the multi-scene flag VOB_Fp, the

interleave flag VOB _Fi, the multi-angle flag

VOB_Fm, the multi-angle seamless switching flag

VOB_FsV, the maximum bit rate of the interleaved

VOB ILV_BR, the number of interleaved VOB divisions

ILV_DIV, and the minimum interleaved unit

pre

sentation time ILVU _MT.

The VOB set number VOBS_NO is a sequential

number identifying the VOB set and the position of



- 176 trye data block dl fist decoded is the data input between tinme Tbl
to Tb2. Furthernore, wher_ data input time Th2 is later than gegadiongzt ine
Tdl, a data underflow state occurs in the video buffer 5 2000 at time Tdl.
The variation in the per-picture encoded data quantity is great in an
MPEG- conpr essed encoded video stream ar_d tenporary depletion of |arge
anounts of encoded data may occur. To prevent |10 a data underflow state
fromoccurring in the video buffer in such cases, it is necessary to wite
as nmuch data as possible to the vi buffer 2600. The time required for
data transfer is thus called the vi'déo buffer verifier delay vbv-delay. 15
The third rowin Fig.~39 shows the audi o data packetizing process. As with
the video data packets in the first row, the franes A indicate the audio
packets A, the size of which is equal to the size of the vidso packets V.
20 The fourth row sinulates the results of data input/output to the audio

buffer 2800 sinmlar to the results of data.r put/outgut toctggnvideo
buffer 26888 nVPRe Fetord rohe THePYSFHEAL i SSE+EN I @4t s Ehe

accunulatedtf#dio Q9ta vol une 25 Vda in the audi o stream buffer 2S00. 25
April 2003+E4S7SNGLR At in Fig. 39 time Tvpl is the video presentation

start time, Tapl isthle gHd C%Eg{n;gze%nt adomst ard Li ?erdegrégf U'C%Iie vi deo

frame reproduction tine, and he audi 0 frane ion tinme Fa.

ook o TAIEAER SASRE B apocksl bl enepdsdsmetent ey TE 1
auds o datgowdl Lfe tWe eegralaieadi bh (decaeti®e 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
10 reproduction.
The following VOB seamless connection flag
VOB_Fsf indicates whether there is a seamless
connection with the following VOB during scenario
reproduction.
15 The multi-scene flag VOB_Fp identifies
whether the VOB set comprises plural video objects
VOB.
The interleave flag VOB _Fi identifies
wnether the VOB in ths VOB set are interleaved.
20 The multi-angle flag VOB_Fm identifies
whether the VOB set is a multi-angle set.
The multi-angle seamless switching flag

VOB_FsV identifies whether angle changes within the

multi-angle scene period are seamless or not.



10 buffer 2S00 at the front of the encoded audio stream St75, and |ine SAf

i ndi cates the change in the audi o data vol une Vda accunulategsi rﬁE@Q?Udio
buffer 2800 at the end of the encoded audio stream St75. Thus, e Sl opes
of lines SAi and SAf 15 indicate the input rate to the~audi o buffer 2800.

Li ne BCa indicates the nmaxi mum accunul ati on capacity (storage capacity) of
the 2800. Note that the maxi num storage capacity BCa is obtained in the
same nmanner as the maxi num storage capacity BCv of ?0 the video buffer

2600. The audi o access unit, i.e.,. mge audio frame (which is also the audio
conpression unit), is generally constant in the audio stream A data
overflow state occurs in the audio buffer 2800 if 25 the encoded audio
stream St75 is input to the audio 25 April 2003 -178 buffer 2800 in a
sho=t period at a rate exceeding the consunption gate, and the input volune
t hus exceeds the maxi num storage capacity BCa of the audi o buffer 2800.

When thi s happens, -ifige Ngxte Braudiv packaleAdzantnal heckiymbayaid | audio

data stored in the audio buffer 2 is consuned, i.e., decoded.
VOB ILV_BR defines the maximum bit rate of the
interleaved VOBs.
The number of intexleaved VOB divisions

ILV_DIV identifies the number of interleave units

¥/

in the interleaved VOB.

The minimum intexleave unit presentation
time ILVU MT defines the time that can be
reproduced when the bit rate of the smallest

10 interleave unit at which a track buffer data
underflow state does not occur is the maximum bit
rate of the interleaved VOB ILV_BR during
interleaved block reproduction.

The encoding information table for each

15 VOB generated bv the encoding system controller 200
based on the scenarioc data St7 is described below
referring to Fig. 28. The VOB encoding parameters
described below and supplied to the video encoder
300, audio encoderxr 700, and system encoder 3800 for

20 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 encoding system controller



Furt hernore, because the video packets V and audi o packets A are

cor _tiguous in a single 10 bitstream the foll ow ng video paqﬁﬁ& g gagnot
be input to the video buffer 2600 even through the video buffer %.8 rtself
is not in a data overflow state if a data overflow state occurs in the
audi o buffer 2800. Thus, a data overflow state in the 15 audi o buffer 2800
may create a~ data underflow state in the video buffer 2600 dependi ng on
the duration of the data overflow state. Therefore, to prevent ar_ audio
buffer overflow, data input to the ﬁﬁgio buffer 2800 is 20 restricted when
the sum of the data accunulated im “audi o buffer and the data size of

t he packet e:cceeds the maxi mnum audi o buffer capaci ty. N ore specifically,
the present enbodi nent transfers only the packets) containing the (frane)
data required ZS by the audi o decode tinme, and does not permt 25 Apri
2003 inputting nore than the required anmount of data to the audio buffer.
However, because of the difference in the _data sjze of the packets_(approx.
2 K3) and 2} ERK oCredfel B3N8y AP altudd4l Meplisd 5 Sk ¥Rl hgSAd 30n
coding), the data for, the frane,f the current frane is

|1 ow
si mul t anedud®y YSRArd ?dast%\:\g\ﬁno%m Rgﬁé'l%udi o data packet stream (row
th , Fig. 39 dt di ff 1Q . t /. Ctim 4 f Fig.
56) ol yappr oxi mateis ST RUAIS e of Sadiie idpt a5 pet affiE, 1 O
buf f 28 i t.d t he; | SLI f
o CiPEG cidr et AIFA LR S e R RS AR ARk, °
frage represiichion: Hameydy Beftos eslches finr st whdeq pagsensat iaonv@tgaré?{-_i e

Tvpl, and the audio data is input to the audi o buffer 2800 at audio frane
repr oduct icastnpiies faghefior eedecediley stahlsss tomprbely ethutte video

presentation start tinme 20 Tapl. The video streamis thus input to the
vi deo buf gy 2&AGs aPPBaxi nEhd ydédtiadent bufdftanreerdiown dehay v@V &3 ay +
video frame reproduction tinme Fv
shows the content of the data for encoding one VOB
in the VOB data stream.

10 The VOB data structure contains the wvideo
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

15 time VOB_AEND, the audio coding method VOB_A KIND,
and the audio enceding bit rate A BR.

The video material start time VOB_VST is
the video encoding start time corresponding to the
time of the video signal.

20 The video material end time VOB_VEND is
the video encoding end time corresponding to the
time of the video signal.

The videc material type VOB_V_KIND

identifies whether the encoded material is in the

25 NTSC or PAL format, for example, or is photographic



audio frame reproduction tine Fa) before audio streaminput begins. 25
April 2003 - 180 The fifth rowin Fig. 39 shows the results igﬁmﬁl2003
interleaving the video packet stream GL (row 1) with the audi 0 packet
stream & (row 3). The audio and video packets are ir_terleaved by
multiplexing 5 referenced to the respective input tinmes to the audio and
video buffers. For exanple, Thl is the index for the buffer input tine of
the first pack in the encoded vidso stream and Tai is the index for the
buffer 10 input tine of the first pack in the encoded audio stream The
packed data is then nultipl exed refigpenced to the buffer input tinme of the
data in the packs to the audio and video buffers. Because the encoded video
streamis thus input to the video 15 buffer 2600 at approximately the vbv
del ay plus one video frame m nus one audio franme, plural video franmes are
contiguous at the front of the systemstream There is a simlar series of
audi o packets at the end of the system stream equivalent to 20
appr oxi mhalhe £he 1l ead hidwesat %fhet%emﬁivéﬁo sbrRAg e dutbered before
t he encoded audio stream Note again that“a data overflow state occurs in
t he audi orbafdeh s3890 birdd@canrnoded ravdt 0 (Ha camlt &8 itsel aputndo the
audi o buffer 2800 25 April 2003

conversion).

The video encoding bit rate V_BR is the

(¥]

pit rate at which the video signal is encoded.

The audio material start time VOB_AST 1is
the audio encoding start time correéponding to the
time of the audio signal.

The audio material end time VOB_AEND is
10 the audio encoding 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.

5 The audio encoding bit rate A BR is the
bit rate at which the audio signal is encoded.

The encoding parameters used by the video
enccder 300, sub-picture encoder 500, and audio
encoder 700, and system encoder 900 for VOB

20 encoding are shown in Fig. 29. The encoding
parameters include: the VOB number VOB _NO, video
encode start time V_STTM, video encode end time
V_ENDTM, the video encode mods V_ENCMD, the video
encode bit rate V_RATE, the maximum video encode

25 bit rate V_MRATE, the GOP structure fixing flag



-181 in a short period at a rate exceeding the consunption rate, and the
i nput vol une thus exceeds the maxi num st orage capacity BCa °f25ﬁ§ﬁﬁﬂﬁbo
buf fer 2800. Wen this happens, the next audio 5 packet A canr be 1 nput
until audio data stored in the audio buffer 280D is consuned, i.e.,

decoded. Gaps therefore occur at the end of ~the system stream when only the
audi o packets are beir_g transferred. 10 rr”or exanple, if the video bit
rate is 8 Mops, the video buffer capacity is 224 KB, and 224 KB of video
data are buffered before video decoding starts irL the DVD system the
video buffer verifier delay vbv del-agiw || be approximtely 219 cosec. |f
15 NTSC video and AC-3 audi o coding are used, one NTSC video frane is
approxi mately 33 cosec, and one AC-3 audio frame is approxi mtely 32 cosec.
At the head of the systemstreamin this exanple the video stream | eads the
audi o stream by approxi mately 220 20 cosec (= 219 cosec + 33 cosec - 32
cosec), and video packets are arrayed contiguously for this period. The
audi o packeb® CPﬁE'l%? i ke skilidad eefds8eaicdbe £ffueftiihe sysbem stream
for the lead tTme of The encoded video streamto the encoded 25 audio

st ream 2heApi nk 2083 ~+sdebBy dhosde odaciangy adtl'T8Tor dilneg ltdhetsyst em
streans, audi o and vi deo reproduction can be acconplished w thout creating
a data undeidaw srugode thata V JBNDATfethsd aksliDpvebcededsstadwn 5 in
Fig. 20. Movies and other titles can be recorded to an optical disk by a
DVD syst ent &§igght B ETVypes e vREEl oy frepsE et HolB@erRA _ENDIMpaltet | es

i npl enmentin arental l.ock control, director's cut 10 _sel ections, and O her
f eatres a‘?‘gld?]éeo?&%ofi@ ;%Fné?aet%pﬁ_c%i'%i stkﬁei 2 REY DePREQESary to
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VOB in the reproduction sequence of the title
scenario.

The video encode start time V_STTM is the
start time of video material encoding.

15 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 accomplished during

20 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

25 is the maximum bit rate of video encoding.



25 April 2003 - 1 H3 |[|anguage groups to a single optical disk wthout
reducing the bit rate ar_d therefore without |oss of i mage crygglitivooddn
exanple of a title streamproviding for S parental |ock contro i£ s%omm in
Fig. 40. Wien so-called "adult scenes" containing sex, violence, or other
scenes deened unsuitable for children are contained in a title inplenmenting
parental |ock control, the title streamis recorded with a 10 conbi nati on
of common system streans 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-fig2 -children. Title streans such as
this are recorded 15 as a nufti-scene system stream containing the
adult-oriented system stream SSc and the chil doriented system stream SSd
arrayed to the nultiscer_e period betweer_ comon system streans SSb and
SSe. 20 The rel ati onship between each of the conponent titles and the
system streamrecorded to the programchain PGC of a title streamthus

conprised is describegfhbelqye Theraduhirarisnteddtiflagpregramenaiy 25
PGC1l conprises in sequenc_ t~ common system 25 April 72003 -1 s.~ Tstreans

SSa and SSlypéhd fitlakt wiieehieed eynsiedl sio eam SSccompdl 1 baabnwin ixygtem
stream SSe. The child-oriented title programchair_ PGC2 conprises in
sequence t Fhangmmgs tenGOn eapruSauaed SShtiset mé ddied-@ii elted system
stream SSd, and the conmpn system stream SSe. To share system streans
within tithesdeenpensiodingl Grecess per ilBussSsdch asugesilampren: vede
the system stream as needed for authoring, ) ) )
5 for declaring whether seamless switch 1s enabled in
a multi-angle scene period.
The video encode GOP structure GOPST is
the GOP structure data from encoding.
The initial video encode data V_INTST sets
10 the initial value of the VBV buffer (decoder
buffer) at the start of video encoding, and is
referenced during video decoding to initialize  the
decoding buffer. This is a useful parameter for
declaring seamless reproduction with the preceding
15 encoded video stream.
The last video encode data V_ENDST sets
the end value of the VBV buffer (decoder buffer) at
the end of video encoding, and is referenced during
video decoding to initialize the decoding buffer.
20 This is a useful parameter for declaring seamless
reproduction with the preceding encoded video
stream.

The audio encode start time A_STTM is the

start time of audio material encoding.



10 it is also necessary to be able to connect and contiguously reproduce
these system streams. \Wen system streams are connected-and @i Hgees! ¥
reproduced, however, pauses in the video presentation (freezes) ‘occur at

t he systen1strean115 connections, and seanl ess reproduction presenting a
natural flow of a single title can be difficult to achieve. Data

i nput/output to the video buffer 2600 of the DVD decoder DCD shown in Fig.
26 during 20 contiguous reproduction is shown in Fig. 41. In Fig. 41, block
Ga shows the data input/output to the video buffer 2600 when encoded vi deo
stream Sva and encoded vi deo streaml®¥b are input to the DVD decoder DCD.

Bl ock Gb shows the video packet 25 stre~~ns of encoded video stream Sva and
encoded 25 April 2003 -iss video stream Svb. Block Gc shows the

interl eaved systemstreans Sra ar_d Srb. Note that blocks Ga, Gb, and G
are arrar_ged referenced to the sane tine-base T as that sho~~rn in Fig.

39. Ir_ block Ga the vertical axis shows the accunul ated vi deo data vol une
Vdv in the video bufThe zndis oprcSdeiadidatéme hA | _ETM dte the he

vi deo buffer 2000. Wiere the video data volume Vdv accunul ated in the video
buf fer 26@Nds tshivan A avddeer Badee YA 0eRCGHiREr-ef ore i ndicates data

consunption, i.e., th t dat has been out put for
P e 31 encode %%t rate A RATE is the

bit rate used for audioc encoding.
5 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
10 presentation at the beginning of a VOB. This is a
useful parameter for declaring seamless
reproduction with the preceding encoded system
stream.
The audioc end gap A_ENDGAP is the time
15 offset between the end of the audio and video
presentation at the end of a VOB. This is a useful
parameter for declaring seamless reproduction with
the preceding encoded system stream.
The preceding VOB number B_VOB_NO is the
20 VOB_NO of the preceding VOB when there is a
seamlessly connected preceding VOB.
The following VOB number F_VOB NO is the
VOé_NO cof the following VOB when there is a

seamlessly connected following VOB.



decoding. Tine Tl also indicates the input end tine of the |last video
packet V1 in the systemstream 15 Sra (block &), tine T3 indiggggﬁtéqu§
input end tinme of the |ast audio packet Al in system stream Sr n
Td indicates the first decode tinme of encoded vi deo stream Svb (bloc'. &)
O the two system streans, the encoded 20 video stream Sva and the
encoded audi o stream Saa, constituting system stream Sra, the encoded video
stream Sva is input ~o the video buffer 2600 before the encoded aud-~.o
stream Saa is input to the audio buffer 2800 as descri bed above. A series
of audio 25 April 2003 -iss packetgdA-theYefore remains at the end of the
system stream Sra. A data overflow state also occurs in the audio buffer
2S00 i f audi o packets A exceeding the 5 capacity of the audio buffer 2800
are input thereto. Wen this occurs, the next audio pac'.-~et cannot be
buffered until an equival ent anount of audio data is consuned, i.e.,
decoded. The first video packet V2 in systemstream 10 Srb therefore cannot

be input to the vide Eegezggl tide i apeyof ehkediast modi o packet Al

in the system stream I's CO d As a result, video streaminput to

;Bg:gg:gkgg§§£g%§@ %%”@ﬁeb fé@éﬂ@edﬁh@nthmew@n@eéeﬁmbedrom

ring t eriod fromT1, the input end tine of the

Iast\ndengy @tQﬂtwﬁﬁgﬁégﬁﬁ@éaﬁOSthetDlaw ¢hanUmuﬂeﬁMghr&40fthe
| ast audi o packet Al in systemstream Sra. In the Lollow ng exanple it is
assuned 20Ndweé theati ddee bt amse sifowhe WiThs gst@aiusl @ > B vi deo
buffer capacity is 224 KB, the audio buffer capacity is 4 Kﬁg%i) udi o
dat asi s engadedonitt tnbe by A@&Eh@mﬁ®sbﬁnpbﬁﬁ@%%et&ﬁ%r & fitCrate

is 384 Kbps. In AC- 3 audio
operation described below relates specifically in

this case to the DVD encoder ECD of the present
invention, the operation described also applies to
an authoring encoder EC.

10 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.

At step #200, the scenario editor 100

15 generates the scenario data St7 containing the
above edit command information according to the
user’s editing instructions.

When generatingy the scenario data St7 in
step #200, the user editing commands related to

20 multi-angle and parental lock multi-scene periods
in which interleaving is presumed must be input to
satisfy the following conditions.

First, the VOB maximum bit rate must be
set to assure sufficient image quality, and the

track buffer capacity, jump performance, jump time,

[ ]
w



25 conpression, the reproduction tinme of one audio 25 April 2003 -187
frame is 32 msec, corresponding to a data size of 1536 bytes/fpampy sy two
audi o frames can therefore be stored in t'r_e audio buffer. Because the
nunber of audio franmes that 5 can be stored in the audio buffer is two, the
earliest possible time T3, which is the input end tine of the last audio
packet Al in systemstrewn Sra, is at the (reproduction start tine of the

| ast audio frame in systemstream Sra) - (reproduction 10 tine of two audio
frames). The reproduction start tinme of the last audio frame in system
stream Sra is al so approximately onejgdio frane earlier than the
presentation start time of the first frame in the encoded video stream Svb
of system stream Srb. 15 The presentation start tinme of ~encoded vi deo
stream Svb is at the video buffer verifier delay vbv delay plus one video
frame after the input end tinme Tl of the |ast video packet V1 in system
stream Sra. Therefore, if 224 KB of video data is 20 buffered by the tine

video decoding siacs saiidieauideabutiies yarvimodiebay ew dela i

appr oxi mat msec. C video and AC-3 audi o coding are used, one

NTSC vi deo tfifane dsraaRicoxi 8ht el ¥pd3a88e &Adtone BOTB endiciéfamats 25
approxi mately 32 nmsec. Thus, there is approxi mately 25 April 2003 -188

1S6 nmsec (mwd9 mRecdztIrmiecd.32Bmeed AnxtIkssec)aliuem t hehienput er d
time Tl of the |last video packet V1 in systemstream Sra to the input er_d
time T3 of neerbasichidin patketofl imesytente st r dahesrdearedengoied
vi deo stream Svb cannot be input to the video buffer 2600 during this
5 is obtained from equations 3 and 4. Based on the
reproduction time 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
10 edit commands until equations 5 and 6 are satisfied
by, for example, connecting part of the following
scéne to each scene in the multi-scene period.
When multi-angle edit commands are used,
equation 7 must be satisfied for seamless
15 switching, and edit commands matching the audio
reproduction time with the reproduction time of
each scene in each angle must be entered. If
non-seamless switching is used, the user must enter
commands to satisfy equation 8.
20 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 St7.

Note that when the preceding scene period
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approximately 1S6 nsec period. Therefore, because all decode data dl is not
input to the video buffer 2600 at time Td, a 10 data underfl owogtg208Furs
in the video buffer 2600. In such cases the video presentation is
intermtted, video freezing occurs, and correct video presentation is
interrupted. Thus, when plural system streans are 15 connected and
contiguously decoded to reproduce a single contiguous sequer_ce of scenes
fromplural titles conprising a conmmonly shared system stream and pl ural
system streans containing content discretely encoded for specific titles,
video 20 freezing apparent as pausesldé-the video presentation at system
stream conr_ections can occur, and it is not always possible to sean essly
reproduce such plural system streanms as a single contiguous title. 25
April 2003 -189 Wien plural different systemstreans SSc and SSd are
connected to one commopn system stream SSe as shown in Fig. 40, a tine

di fference occurs between the video reproduction tinme and the audio 5
reproducti duti thdepatsseoft I hesefllfset okt paeyd hesamthe drml &i desmheaire
reproduction tinmes, and this tinme difference varies according to the
reproduct i @ceach. (Aot irsd tmubafifescemm rpediadls at skeambegmction,
vi deo reproduction freezes 10 or the audi.o reproduction is nuted, and
seam ess r épPBARIF LA STRECHHs S0 T2 ATHI S FLab| eaTrE ¢basiF ek Be bel ow
with reference to Fi%. 42 as it applies to the parental |ock control

exanpl e sh&vmEEFFi §CSRR Fi TR g% 95esR 55{)@ SSESTHEPr EQURE AL
reprqQductiaon tines of the.video aQEHFUdiO frame unit, streans in_adult

oriented _sylsrtle_ s?r@grﬁ%%‘é.l_ngsd@u g&f%?n?leﬁ:i'?dr'epr Q@r’ﬂ_pﬁ@
reproduct | an, tgms gbdhe Yigler Ad A0 LA Pl bt T EATR A Kk

child-orie ystem sfream
connection still refers to seamlessly connecting

the target scene with any one of the scenes from
the same multi-scene period.

10 If step #300 returns NO, i.e., a
non-seamless connection is wvalid, the procedure
moves to step #400.

At step #400, the encoding system
controller 200 resets the preceding VOB seamless

15 connection flag VOB_Fsb indicating whether there is
a seamless connection between the target and
preceding scenes. The procedure then moves to step
#600.

On the other hand, if step #300 returns

20 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 seamless

connection flag VOB_Fsb. The procedure then moves
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As descri bed above, if NISC video and AC-3 audi o coding are used, one DITSC
video frame is approximatel ~f 33 nmsec, and one AC 3 audi o frangsiapril 2003
approximately 32 nmsec., and the audio and video 25 reproduction timnes
therefore do not match. As a 25 April 2003 -190 re~ul t , a di f f
erer_ce occur s in the vi deo reproduction tine, which is an integer
multiple of the video frame reproductior_time, and the audi o reproduction
time, which is an ir_teger multiple of 5 the audio frane reproduction tine.
This reproduction tinme different is gxpressed as Tc in the adult-orier_ted
system stream SSc, and tinme Td in thé“child-orier_ted system stream SSd.
This difference al so varies according to the change in 10 the reproduction
time of the reproduction paths, and Tc Td. Therefore, when plural system
streans are connected with a single system stream as descri bed above with
parental |ock control and director's cut ~5 titles, there is a maxi num
repr oducti on gap of qgg frame iyn the audi o _and.video_reproduction tines at
S

t he points where the TRt 7es Eﬁcﬁnéﬁaiégﬁhééys‘fﬂPs reproduction
ap i s descrj it t L9 43. oR program chain
I%Glé):lI feprZ&#’?ﬁ%ﬁéﬁ%@@eﬁ%ﬁém@% t '_Eég'élu#‘%o}:ﬂe%_éed&sé;sggm str_ealm
SScv ar_d ey IERIES eind B8 ¢ LRRORICL LA | BB Ofathie i degs frame unit

streams inadult-orrented Systemsiream S5¢ and 35 comon system str’am

tSiS’rregngf Sts‘r‘i?_oeﬁggzgfagﬁ% asrééné@ 1$Ha2@8 onlHcehAFEsedatfe gtepr oduct i on
5 step #600 returns NO, i.e., a non-sesamless
connection is valid, the procedure moves to step
#700.

At step #700, the encoding system

controller 200 resets the following VOB seamless

10 connection flag VOB_Fsf indicating whether there is
a seamless connection with the following scene.
The procedure then moves to step #900.

However, if step #600 returns YES, i.e.,
there is a seamless connection to the following

15 scene, the procedure moves to step #800.

At step #800 the encoding system
controller 200 sets the following VOB seamless
connection flag VOB_Fsf. The procedure then moves
to step #9500.

20 At step #900 the encoding system
controller 200 determines whether there is more
than connection target scene, i.e., whether a
multi-scene period is selected, based on the

scenario data St7. BAs previously described, there
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unit streans in adult-oriented system stream SSc and commobn system stream
SSe. These frame unit reproduction times are 5 expressed in thesapglzeoy
the lire segnents er _ded with arrows on both ends. The video stream SScv of
the adult oriented systemstream SSc in this exanple ends after 3 franes,
and is followed by the conmmon 10 system stream SSe starting at frame 4 with
the first frame of the video stream SSev. The audi o stream SSca | i kew se
ends at frame 4, and the first frane of the common audi o stream SSea starts
fromframe 5. The resulting differengegin the frane 15 reproduction times
bet ween the audi o and video streans produces a reproduction gap of tinme Tc
equi val ent to a nmaxi num one frane between the video stream and the audio
stream when these two streans SSc and SSe are connected. 20 The bottom
program chain PGC2 simlarly represents the reproduction path of the

chil doriented system stream SSdv and SSev represent the reproduction tines

of the video frane unit_ streans in child-qriente tem stream SSd and 25
conmon sysﬁ’e?‘r’f-%torr%%m %eaﬁ&rﬁgs%gcg%dcgge%roﬂ wq'lé\r'%Dy SHIY"oRE 8t
plural possible reproduction paths that can be
constructed from the scenes in the multi-scene
period is reprcduced, and multi-angle control

whereby the reproduction path can be switched

W

within the multi-scene period to present differant
viewing angles.

If step #900 returns NO, i1.e., there are
not multiple scenes, the procedure moves to step

10 #1000.

At step #1000 the multi-scene flag VOB _Fp
identifying whether the VOB set comprises plural
video objects VOB (a multi-scene period is
selected) is reset, and the procedure moves to step

15 #1800 for encode parameter production. This encode
parameter production subroutine is described below.

However, 1f step #9500 returns YES, there
is a multi-scene connection, the procedure moves to
step #1100.

20 At step #1100, the multi-scene flag VOB Fp
is set, and the procedure moves to step #1200
whereat it is judged whether a multi-angle
connection is salected, or not.

At step #1200 it is determined whether a

[ %]
h

change i1s made between plural scenes in the



25 April 2003 -193 represent the reproduction tinmes of the audio frame unit
streams ir_ child-oriented systemstream SSd and conmon syst em§ta,ppspcaSe.
As with the adult-oriented programc'r_ain 5 PGCl above, a reproduction gap
of time Td equivalent to a maxi mumone frame between. the video stream and
t he audi o stream occurs when these two streans SSd and SSe are connect ed.
When the reproduction paths to the common system streans 10 differ before

t he connection point as show _in Fig. 43, it is possible to adjust the
reproduction start tinmes of the connected conmmon audi o and video streans to
the reproduction start time different® of at |east one reproduction path.
As shown in this 15 figure, the audio and video end tines of the

adul toriented system stream SSc are the same as the audi o and video start
times of the comon system stream SSe, i.e., a gap-less connection is
achieved. Note that in this exanple the gap Td of 20 the child-oriented
systam stream SSd is |l ess than the gap Tc of the adult-oriented system
stream SScmuTdi<skeehe Fariawd, plog am cfeenheGCla Mwl fiadngae ent ed
system stream SSc and commpn system stream 25 SSe, is _thus reproduced

wi thout a EeRDBEu@sBACFhplis sSwlagted2003lfi1sgep #1200 returns

NO, i.e., no scene changs is allowed in the
multi-scene pericd as parental lock control

reproducing only one reproduction path has been

W

selected, the procedure moves to step #1300.

At step #1300 the multi-angle flag VOB _Fm
identifying whether the target connection scene is
a multi-angle scene is reset, and the procedure

10 moves to step #1302.

At step #1302 it is determined whether
either the preceding VOB seamless connection flag
VOB_Fsb or following VOB seamless connection flag
VOB_Fsf is set. If step #1302 returns YES, i.e.,

15 the target connection scene seamlessly connects to
the preceding, the following, or both the preceding

and following scenes, the procedure moves to step

#1304.
At step #1304 the interleave flag VOB Fi
20 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



but programchain PGC2, i.e., child-oriented systemstream SSd and comon
system stream SSe, is reproduced with an audi o reproduction gag59qﬂﬁﬁ§%p.
Thus, even when connecting fromplural 5 reproduction paths (SSC éhd d)
to one systemstream (SSe), it is possible to elimnate any reproduction
gap in the video or audio on at |east one reproduction path. The third row
in Fig. ~3 shows the change 10 in audi o buffer storage during conti nuous
reproduction of programchain PGC2, i.e., childoriented system stream SSd
and common system stream SSe. The per-frame reproduction tinme of the audio
streamin the audio buffer is indicat#d-by the 1~ arrows. Note that system
streans SSd and SSe are connected with an audi o reproduction gap of Tc Td,
the difference between the reproduction tinme difference Tc of PGCL and the
reproduction time difference td of PGC2, at the connection. 20 However,
because DVD players normally synchroni ze audi o and vi deo out put referenced
to the audio signal) the audio frames are output continuously. As a result,
the audi o epundatt i bo dape Tpredddiinigqobvyr epodduretings sceae duthvey 25
April 2003 -i94 reproducticr_, and audi o reproduction is therefore

cont i guous prrheschbren Eysesmtsd r simsSE lidd@ncoded so that the audio is

reproduced, i.e., decoded, at a 5 delay of Tc to_the video. As a result,
when the audio is reptedséap #1806d edntRripAvVe hdlad sVRB alidi o

reproductiqr gap Tc - Td, audio decoding is acconplished before the audio
data is poﬁﬁé¥@%ﬁ¢np@ﬁ¢otaﬁaEEQQ?%H%RHWO&%FatGmﬁﬁﬁﬁ ﬁkﬁppthstate
Fapr3duct i on Ts-conti GhofE a4 hpr SRIETET 4hois HREENTH bet weln vi deo
([ ames, 8 GBI Lo Bhe gtes Lokl kidee LoruI(et ia e i deo
I nterrupt eghAsashe® L ddi g1470. '
At step #1400, the multi-angle flag VOB_Fm
and interleave flag VOB_Fi are set, and the
10 procedure moves to step #1500.
At step #1500 the encoding system
controller 200 determines whether the audio-and
video can be seamlessly switched in a multi-angle
scene period, i.e., at a reproduction unit smaller
15 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 flag VOB _FsV indicating whether angle
20 changes within the multi-angle scene period are
seamless or not is reset, and the procedure moves
to step #1800.
However, 1f step #1500 returns YES, i.e.,

seamless switching occurs, the procedure moves to
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As thus described, when plural difference system streans and one conmobn
system stream are 20 connected, a difference occurs between thesWwsfeshos
reproduction tine and the audio reproduction tinme of the respective paths
due to the offset in the audio and video frame reproduction tines. The
present invention therefore provides a 25 recordi ng nethod and appar at us
and a reproduction 25 April 2003 -19~ nethod and apparatus whereby a
video or audio ~. ~uffer underflow state is prevented at the system stream
connections, and seaml ess reproduction in which pauses in the video
reproduction (freezes) or 5 pauses in4i1he audi o reproduction (nuting) do
not occur. A nethod of connecting a single connmbn systemstreamto the
plural system streans contained in the nmulti-scene period of a title 10
stream as shown in Fig. 40 is described bel ow according to the present

i nvention. The physical structure of the optical disk M the overall data
structure of the optical disk M and the structures of the DVD encoder ECD

and DVD decoder DCD iAatt Ritsed5 dermpodi ené anel es -pireyl eust ¥afdascgkbed with
reference to Figs. 4 - 1S, Fgs. 1,16 - 20,22, Figs. 2S,27 - 29, and Figs.

25 above, agdifggiber debag prdBN Rder eef sett humdnidtiedphel oaduthere are
two data transfer nodels under 20 the MPEG standard: constant bit rate
(CBR) wher ehyvers atos 2tep s#1e306d continuously without interruptions, and
variable bit rate (VBR) whereby data is transferred intermttently with
interruptions in the T EPranorasi igrowit Wyt kdte 23 osprehazon3in x96
present enbodiner_t is described bel ow using the CBR nodel Referring

firsd to Filjgd -443445207adss PRAXFMRT & Lot PEVSHeT St ﬁF@g]le%%s@d%hecti on
betveen 5 st 8d eeand COUTRL- et gESLISE™ SRAANIN, i
detected from the above flag settiﬁgs in the
scenario data St7 reflecting the user-defined
editing instructions.

10 Based on the user-defined editing
instructions detected from the above flag settings
in the scenario data St7, information is added to
the encoding information tables for the VOB Set
units and VOB units as shown in Figs. 27 and 28 to

15 encode the source streams, and the encoding
parameters of the VOB data units shown in Fig. 29
are produced, in step #1800. The procedure then
moves to step #1900 for audio and video encoding.

The encode parameter production steps

20 (step #1800) are described in greater detail below
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 #1900, and the procedure moves to

-
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is described first.
to operation using one video stream SSav and one audi o0 strean1§§ﬁ$ﬁ

system streans produced according to 10 the present invention are shomm
t he operation whereby these system streans are connected i s shown
in Fig. 45, and the nethod of generating the systemstreans is shown in
The structure of the tail of the |eading 15 commbn system stream

Fig. 44,

Fig. 46.

SSa, and the head of the foll owi ng cormmbn system stream SSb,

the optical disk Mare shown in Fig. 44. Tn Fig. 44 are shown the structure

of the end of the preceding comopn sy$tem stream SSa and 20 t he common
system stream SSb followir_g thereafter. Note that both system streans

and SSb are recorded to the opti cal

the structure of both systemstreans SSa and SSb. The first 25 conmon
system stream SSa conprises video stream 25 April 2003 - 197 SSav an
audi o stream SSaa; the second comopbn system stream SSb sim larly conpri

video stream SSbv andygudi o-shteanhSSRa LIRS £ Quet A 0w Gds SReweyshe
packet 5 streans ~ of audi o stream SSaa and audi o stream SSha extracted

from syst emirss eeate $Sarantngy st £aesd reamrEBuctheot hotd anwaee- sbeweghe

dat a

(#]]

10

basis, and contiguity with the preceding an
following scenes is therxefore not usually
rnecessary. 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 continucusly. Because
the present invention relates specifically to
seamless and non-seamless contiguous reproduction
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#il to contain 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.

For sinmplicity the follow ng description is restricted

0

In

recorded to

SSa

disk M The fifth row bl ock Ge shows

d
ses
udi o



i nput/output state of the audio buffer 2800 when 10 audi o stream SSaa ar _d
audi o stream SSha are input to the DVD decoder DCD shown in Figg Agfl-2008e
second row Gb shows the video packet streanms V of video stream SSav and
vi deo stream SSbv extracted from system stream SSa and system 15 stream
SSb. The first row Ga shows the data i nput/output state of the video buffer
2600 wher _ video stream SSav and vi deo stream SSbv are input to the DVD
decoder DCD shown in Fig. 26. 20 Note that Ga, Gb, Gc, Gd, and Ge are al
referenced to the sane tine-base (direction T). Tvae in Fig. 44 is the
input end time of the video stream Sk -to tha video buffer 2500, and Taae
is the input end tine of the audio stream SSaa 25 to the audi o buffer 2800.
25 April 2003 -198 r~l hen systemstream SSa is ir_put to the DVD decoder
DCD, the difference between the input end tines Tvae and Taae of the video
stream SSav and audi o stream SSaa to the respective buffers 2600 5 and 2800
is small, and is less than the reproduction tine of two audio frames. As a
result, the |ast audidtpsdier #20ahOb&hrcURR aFed idRERe SBRE&DULBer 2800
before inr~ut of the audio and video streans_in the, next syiten1stream
starts. completed as the enccding i1nformation tadle by
adding the total number of VOB Sets VOBS_NUM
obtained as a result of the loop through step #2000
5 to the VOB Set data stream, and setting the number
of titles TITLE NO defining the number of scenario
reproduction paths in the scenario data St7. The
procedure then moves to step #2200.
System stream encoding producing the VOB
10 (VOB#1i) data in the VIS title VOBS (VTSTT_VOBS)
(Fig. 16) is 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
15 #2300.
At step #2300 the VTS information VTSI,
VTSI management table VISI_MAT, VTSPGC information
table VTS _PGCIT, and the program chain information
VTS_PGCI#1i controlling the VOB data reproduction
20 sequence shown in Fig. 16 are produced, and
formatting to, for example, interleave the VOB
contained in the multi-scene periods, 1is
accomplished.

The encode parameter production subroutine

(39 )
th

shown as step #1800 in Fig. 348 is desscribad naxt



10 Li kewi se, when systemstream SSb is input to the DVD decoder , t he
di fference between the input start tines of the video strean1§§p§ gudlo
stream SSba to the respective buffers 2600 and 2800 is snall ess
than the 15 reproduction tinme of two audi o~franes. The data |nput/output
state to the video buffer 2600 wher__ system streans SSa and SSb (Fig. aa)
stored to the optical disk Mare connected and conti guously reproduced. 20
The top row in Fig. 45 shows the data i nput/output state of the video
buffer 2600 when vi deo strean1SSav and vi deo stream SSbv are input
continuously to the DVD decoder in Fig. 39, Fig. 41, and Fig. 44,
the 35 vertical axis Vdv indicates t%e accunul ated vi deo 25 April 2003 -
199 data volune Vdv in the video buffer 2600, and the horizontal axis
indicates time T. Lines SSav and SSbv indicate the charge in the video data
vol une Vdv accunul ated in t:~e video buffer 2600, and the 5 slopes of the
lines indicate the input rate to the video buf fer 2600. \Were the
accunul ated video data vol une Vdv in g vi deo buffer 2600 g%o S _indjcates
h

data consunpiibl, §1€S- thar c?e?:odran d REGFEePY 10 FheCde HRATRMEshows

26.. Tho tRFT PEIT SROWT NS S0t B atS e bl SR el SB5 SaLS T A tioFhe
present enpﬂgﬁeenta éhgpcégﬂg 4% the input end time of the last video

packet V1 in sy§te fream S time T2 indicates the input start tine of

the first vl V2 in systgm:iSh e@m&%b,bl d Bigre ghiendheaiessEhegecodi ng
start tine of system stream 20 The dlfferer ce between the input end

tineg to thgnedeo: bugf ej’héG%@@deamQaméietsZ@ﬁ of nbe-dalgmldgeam
SSav and the audi o stream SSaa
switching stream with multi-angle control is
described first. This stream is generated when
step #1500 in Fig. 34 returns NO and the following
flags are set as shown: VOB _Fsb = 1 oxr VOB_Fsf = 1,
10 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 in Fig. 29.
At step #1812, the scenario reproduction
15 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 sSet.
At step #1814 the maximum bit rate ILV_BR
20 of the interleaved VOB is extracted £rom the
scenarioc 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).



formng the systemstream SSa of the present enbodi ment is reduced by the
system stream 25 producti on nmethod shown in.:Fig. 46. As a resyg%%ylzd%g
b

April 2003 _

op0O _interference with the input of system strewn

resulting frema succession of renaining audi o packets A at the end of
system stream SSa does r_ot occur. The difference between the input end
time T1 5 of the first video packe~ V1 of system stream SSa and the i nput
start tinme T2 of the first video pac'.~cet V2 in systemstream SSb is
small, then? is sufficient time from the input start tine T2 of video
packet V2 to the first decode tinme Tg.of the 10 video stream SSbv, and the

vi deo buffer

2600 therefore does not underflow at tinme Td. Unlike with the

system strewn shown in Fig. 41, the audio buffer 2800 therefore does not
overflow at the end of the systemstream i.e., 1S there is no interference
with inputting the encoded video stream of the next system stream when
connecting and cont~. guously reproduci ng system streans SSa and SSb

di to th t i , al.d n d i be zZO
Bch eved A Tirst iRl SToBr AT RG LRPr SELOTNEh Chotnt AN Ssa. and
a second comPR SySLeM:$tLeam oSk 1 eRINLEIRY firareablRiy 48 rdRpcEihed bel ow

W th

the scenario data St7.

8}

At step #1818, the video encode GOP

structure GOPST values N = 15 and M = 3 are set,

and the GOP structure fixing flag GOP_Fxflag is set

(=

1), based on the multi-scene flag VOB_Fp setting
1).
Step #1820 is the common VOB data setting

10 routine, which is described below referring to the

flow chart in Fig. 36. This common VOB data

setting routine produces the encoding information

tables shown in Figs. 27 and 28, and the encode

parameters shown in Fig. 29.

At step #1822 the video material start

time VOB_VST and video material end time VOB_VEND

are extracted for each VOB, and the video encode

start time V_STTM and video encode end time V_ENDTM

are used as video encoding parameters.

At step #1824 the audio material start

time VOB_AST of each VOB is extracted from the

scenario data St7, and the audio encode start time

A _STTM is set as an audio encoding parameter.

)
th

At step #1826 the audio material end time

L] S N 4~ e e 2] = . —~ T TN =4 ~ - -



reference to Fig. 46. Note that as in Fig. 44, the structure of the tail of
the | eadi ng common system 25 April 2003 - ?0l stream SSa, amAF,kﬂ?d@gad
of the follow ng comopn system stream SSb, recorded to the optica sk M
are shown in Fig. .~6. The first rowin Fig. 46 corresponds to block Ga in
Fig. s4, and sinulates the data input/output of video stream SSav and vi deo
stream SSbv to the video buffer 2600. Tine Tl is the input end tinme of all
data in the video stream SSav. The second row simlarly corresponds to 10
block Gb in Fig. ~4, and shows the vi dat a packet stream The third row
similarly corresponds to block Gc in FI'g. 44, and sinulates the data

i nput/out put of audi o stream SSaa and audi o stream 15 SSba to the audio
buffer 2800. The fourth row simlarly corresponds to block Gd in Fig. ~=4,
and shows the audi o data packet stream The fifth row simlarly corresponds
to 20 block Ge in Fig. ~. 4, and shows the system streamresulting from

interl eaving and packi t he_vi_deo ckets V shown in the second row, and
the audio p G&%@%&%h qnspﬂef%g BroR FhESiH_b &%ﬁ%?giﬂﬁ &R o

packets are_jifye ed.in a FLEQ 25 manner f.r g;vi.deo_an di o
buffers_refgkg%eééﬁﬁyzglﬂﬁ?il bz - F7 8% Fﬁgiﬁgk%%%ﬁe qﬁﬁ%ﬁtg¥$ “to the
respective QWAL unit (AAUY is set as the audio encode end

time A ENDTM which is an audio encoding parameter.

Note that the audio access unit AAU is determined

W

by the audio encoding method.

At step #1828 the audio start gap A_STGAP
obtained from the difference between the video
encode start time V_STTM and the audio encode start

10 time A STIM 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

15 time A_ENDTM is defined as a system encode
parameter.

At step #1832 the video encoding bit rate
V_BR is extracted from the scenario data St7, and
the video encode bit rate V_RATE, which is the

20 average bit rate of video encoding, is set as a
video encoding parameter.

At step #1834 the audio encoding bit rate
A BR is extracted from the scenaric data St7, and
the audio encode bit rate A _RATE is set as an audio

ancodin
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In other words, the packed data is nultiplexed referenced to the tinme the
data contained in the pack is input to the video or audio bUff?Fﬁ\ﬁliﬂ%

nmet hod of generating the first conmmon system stream and the fo ﬁ

second common system streamis described next. It is assunmed bel ow that the
video bit rate is 8 Mips, the video buffer capacity is 224 KB, the audio
buffer capacity is 4 KB, the audio data is encoded wth Dol by AC 3
conpression, and the conpression bit rate is 384 Kbps. In AC-3 audio
conpression, the reproduction tine of one audio f tane is 32 nsec,
corresponding to a data 15 size of 1338 -bytes/frame, and two audi o frames
can therefore be stored in the audio buffer. Referenced to the input end
time Tl of the video stream SSav to the video buffer 2600, the audio frame
data following the current audio franme 20 is noved to the audi o stream SSba
at time Tl to accunul ate one audio franme in the audio buffer. This
operation is described in detail belowreferring to the sinulation results

shown in row 3 of Figardbsrep?®Pgnid 2003 v283cSnestbircahly tyve audio
frames (= 1S36 bytes) fromthe encoded audi o stream SSaa are accunul ated in

the audi o bubBerv (RIKD chpadtyyarit¢dn€Eddm ahe Bhetdrid t@asiaxtdegudi o
franmes 5 followng thereafter, indicated by frane Ma in Fig. 46, are noved
to the begibfi mhef meieefokllovi ag senthded aygien siream SShaiowbdee that the
encoded audio streamjs noved in audio frame units because the audio_ frane
i s the uni tCORViRBEBGucEPoFelevision broadcast format (so-called

5 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 extracted from the scenario data sSt7,

10 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 wvideo encode
data V_INTST sets the initial value of the VBV

15 buffer to a value less than the VBV buffer end
value set by the last video encode data V_ENDST,
and defined as a video encoding parameter.

At step #1842 the VOB number VOB_NO of the
preceding connection is set to the preceding VOB

20 numper B_VOB_NO based on the setting (= 1) of the

preceding VOB seamless connection flag VOB _Fsb, and
set as a system encode parameter.

At step #1844 the VOB number VOB NO of the
following connection is set to the following VOB

nirrnay FOVOB NT ktasad ~n the setting (= 1) of the

1)
h



10 Fol l ow ng the above operation, the encoded video stream SSav is
packetized as shown in row 2 in Fig. 46, and the encoded audiCQ§Aﬁﬂqmo§Saa
i s packetized as shown in row 4. As shown in row S, the video packets V and
audi o packets A are then 15 interleaved (nultiplexed) to maintain an
average distribution of audio packets to video packets in the L=IFO
sequence descri bed above referenced to the packet input tines to the
buffers 2600 and 2800. After packing and converting to a system stream 20
the data is then recorded to the optical disk. In the same manner the

er _coded video stream SSbv is packetli48ed as shown in row 2 in Fig. and the
encoded audi o stream SSba i s packetized as shown in row 4. As shown in row
S, the video 25 packets V and audi o packets A are then interl eaved 25
April 2003 _20.i_ (nultiplexed) to maintain an average distribution of
audi o packets to video packets in the FIFO Se  uenCe descri bed above
referenced to the packet input tines to the buffers 2600 and 2800. After 5
packi ng anfloddnyetitiggVoB asspstlers st eammetdtel dat £ 1agt MOBr 8af dedirid t he

optical disk. The resulting systemstreans SSa and SSb are thus structured
as shown igef gas44 sepsiidamgeseamdlesparpratierion by the DVD decoder DCD
shown 10 in Fig. 26.

The encoding information table and encode

parameters are thus generated for a multi-angle VOB
5 Set with non-seamless multi-angle switching control
enabled.

The process for generating'the encods
parameters of a seamless switching stream with
multi-angle control is described below with

10 reference to Fig. 37. This stream is generated
when step #1500 in Fig. 34 returns YES and the
following flags are set as shownt VOB _Fsb = 1 or
VOB _Fsf = 1, VOB_Fp = 1, VOB _Fi = 1, VOB_Fm = 1,
and VOB _FsV = 1. The following operation produces

15 the encoding information tables 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

20 Fig. 28, and the encode parameters shown in Fig.
29.

At step #1850, the scenario reproduction

sequence (path) contained in the scenario data St7

is extracted, the VOB Set number VOBS NO is set,



Because two audi o franes can be accunulated in the audio buffer, the |ast
audio franme in the system stream SSa stored in the audio buffer5§& ﬁh T1
is transferred as the last audio 15 packet in systen1strean188£ ol gsﬁhe
two-frame reproduction time before decoding said | ast audio frane begins.
The maxi muminput end tine difference between the video packets and audio
pac: ~ets at the end of the systemstream SSa is therefore the 20
reproduction tinme of two audio frames. Furthernore, the audio buffer wll

r ot underflowif the next audio data is input to the audio buffer before
the presentation end tinme of the audilddf-rames accunul ated in the audio
buffer as 25 of tinme T2. The input tine of the first audio 25 April 2003
packet in systemstream SSb is therefore at latest within the reproduction
time of two audio franes after time T2 (= the presentatior_ tinme of the
accunul ated audio franes + the reproduction tinme of 5 one audio frane).
Therefore the ma: ~imuminput start tinme difference between the video
packet s andirdditheadtis snamiide hepd NN of sest EmrSteeamaSSbmiss-& he
reproduction time of two audio frames. A second nethod of producing the
system VOB in the VOB Set.

AL step %1852 the maximum bit rate ILV BR
of the interleaved VOB is extracted from the

scenario data St7, and the maximum video encode bit

W

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 presentation time ILVU MT is extracted from
10 the 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 GOP_Fxflag is set
(= 1), based on the multi-scene flag VOB_Fp setting

15 (= 1).

At step #1858, the video encode GOP GOPST
is set to "closed GOP" based on the multi-angle
seamless switching flag VOB _FsV setting (= 1), and
the video encoding parameters are thus defined.

20 Step #1850 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
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10 streamrecorded to an optical disk according to the present enbodi nent
is described next below wth -reference to Fig. 47. The first,&gqgﬂwgoo
third, fourth, and fifth rows in Fig. 47 sinulate the video and audi 0 d%ta
i nput/output states to the 15 respective buffers referenced to the sane
time-base T as shown in Fig. 44. The first rowin Fig. 47 corresponds to
block Ga in Fig. 44, and sinmulates the data input/output of video stream
SSav and video stream 20 SSbv to the video buffer 2000. The second row
simlarly corresponds to block Gb in Fig. 44, and shows the video data
packet stream The third raw siml arI¥0corresponds to 25 block Gc in Fig.
44, and sinmul ates the data 25 April 2003 - 206 input/output or audio
stream SSaa ar_d audi o stream SSha to the audi o buffer 2800. The fourth row
simlarly corresponds to block Gd in Fig. 4~, and shows the audio data 5
packet stream The fifth row simlarly corresponds to block Ge in Fig. ~4,
and shows the systemstreamresulting frominterleaving and packing the

vi deo packefis i sBeWELR thevoac@wcr oW teindriule: audirag 18 pasketr A skown in
the fourth row The video packets and audi o packets are interleaved in a

FI FO mannerderaamribedi deowaed audi o buffers referenced to the packet input
time to the respective buffer. In other words, the packed data is

mul ti pl exed 15 ref er efdeel pradessi nMcrhgaeaadomgi tdei andrde

parameters for a system stream in which parental

lock control is implemented is described below with

W

reference to Fig. 38. This stream is gensrated
when step #1200 in Fig. 34 returns NO and step
#1304 returns YES, i.e., the following flags are
set as shown: VOB_Fsb = 1 or VOB_Fsf = 1, VOB_Fp =
10 1, VOB_Fi = 1, VOB_Fm = 0. The following operation
produces the encoding information tables shown in
Fig. 27 and Fig. 28, and the encode parameters
shown in Fig. 29.
At step #1870, the scenario reproduction
15 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
20 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).



pack is input to the video or audio buffer. The first common systen1stream
SSadXt he second common system stream SSb fol | ow ng thereafteg éﬁg
produced using the first nethod descri bed above 20 with reference to

46. A different nmethod for generating the first conmon systen1streanlsSa
and the second common system stream SSb follow ng thereafter, i.e., a

nmet hod different fromthat described w ~h 25 April 2003 -?07- ,.
reference to rig. 46, is described belowwith reference to rig. 47. In the
first nethod descri bed above, part of the encoded a~.~dio streamfromthe
preceding 5 systemstrumis noved to the follow ng systemstream This
second net hod, however, is characterized by noving part of the encoded
video and audio streans fromthe followir_g systemstream This second
method is particularly effective when 10 the precedi ng scene (system
strean) is a scene froma nulti-scene period, i.e., when noving from one of
pl ural scenes (systemstreans) to the encoded system streamof a single
scene is extrenely difficult. 15 Wth this nethod the first GOP in video
stream SSbv is noved to video stream SSav. The one GOP noved from vi deo
stream SSbv is connected to video stream SSav to assure tine-base

cor tiguity at the er_d of video stream SSav. At the second GOP 20 fromthe
begi nni ng of video stream SSbv, i.e., the second GOP counted fromthe

begi nni ng of video stream SSbv including the first GOP al ready noved,
referenced to the input start tinme T2 of the data decoded first, the audio
data of one audio frame is 25 April 2003



_~Qg_ noved to the audio stream SSaa to accunul ate one audio frane in the
audi o buffer. The or_e audio frame of data noved from audi o sb&@agp)SgeRa | S
t hen connected to audio stream SSaa to assura tinme-base contiguity at the
end of audio stream SSaa. The video data is noved in GOP units because the
GOP is the unit of video data reproduction. Audio data is |ikew se noved in
audio 10 frane units because the audio frame is the unit of audio frane
reproduction. Follow ng the above operation, the encoded vi deo stream SSav
is packetized as shown in row 2 in Fl147, and the encoded audi o stream
SSaa is 15 packetized as shown in row 4. As shown in row 5, the video
packets V and audi o packets A are then interleaved (nultiplexed) to

mai ntai n an average distribution of audio packets to video packets in the
FI FO sequence descri bed above referenced to the 20 packet input tines to
the buffers 2600 and 2800. After packing and converting to a system stream
the data is then recormiedstted ake aop i céle dhskbdn tife Satemhaserafhe

encoded video stream SSbv is packetized as shown in row 2 in Fig.

VOB divisions ILV_DIV is extracted from the
scenario data St7.

Step #1876 1s the common VOB data setting

5 routine, which is as described refexrring to the
flow chart in Fig. 35. Further description thereof
is thus omitted here.

The encode parameters of a system stream
in which parental lock control is implemented are

10 thus defined for a VOB Set with multi-scene
selection control enabled as described above.

The process for generating the encode
parameters for a system stream containing a single
scene is described below with reference to Fig. 32.

15 This stream is generated when step #900 in Fig. 34
returns NO, i.e., when VOB Fp=0. 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 #1880, the scenario reproduction
sequence (path) contained in the scenario data St7
is extracted, the VOB Set number VOBS _NO is set,
and the VOB number VOB _NO is set for one or more

VOB in the VOB Set.



25 47, ar_d the encoded audi o stream SSha i s packeti zed 25 April 2003
-209- '' as shown in row 4. As shown in row 5, the video pac:tggg\p}«f,m
audi o pac'.~ets A are then interleaved (nmultiplexed) to naintair_"an
average distribution of audio packets to video packets in the FIFO 5
sequence described above referenced to the packet input tinmes to the
buffers 2600 and 2800. After packing and converting to a systemstream the
data is then recorded to the optical disk. The resulting system streans SSa
and SSb |10 are thus structured as show2 kn Fig. 39, enabling seanl ess
reproduction by the DVD decoder DCD shown in Fig. 26. Because two audi o
frames can be accunul ated in the audio buffer, the last audio 15 frane in
the system stream SSa stored in the audio buffer at tine Tl is transferred
as the last audio packet in systemstream SSa during the two-franme
reproductior_ tine before decoding said | ast audio frane begins. The

maxi mum i nput end timeadi ffresgnge H2beteematfienuidesi packets amdyawml o
packets at the end of the systemstream SSa is therefore the reproduction
time of twocatidtdnd r dnRer Faethed MO8 1 Be eattdradnd et wphl tiot underfl ow
if the next audio data is input to t're 25 audio buffer before the
present ati os@edaiie data St7, and the maximum video encode bit

rate V_MRATE from the encode parameters is set

[9]]

pased on the interleave £lag VOB_Fi setting (= 1).

Step #1884 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.

10 These flow charts for defining the
encoding information table and encode parameters
thus generate the parameters for DVD video, audio,
and system stream encoding by the DVD formatter.
Decoder flow charts

15 Disk-to-stream buffer transfer flow

The decoding information table produced by
the decoding system controller 2300 based on the
scenario selection data StS51 is described below
referring to Figs. 58 and 59. The decoding

20 information table comprises the decoding system

table shown in Fig. 58, and the decoding table

shown in Fig. 59.

As shown in Fig. 58, the decoding system

table comprises a scenario information register and

(&)
W

a cell information register. The scsanario



25 April 2003 -?10 the audio franes accunulated iz the audio buffer as of
time T2. The input tinme of the first audi o packet in systen1st?§ﬁgg§§@3is
therefore at latest within the reproduction tinme of two audio franes

after tinme T2 (= the presentation tine o= the accunul ated audio frames +
the reproduction tine of one audio frame). Therefore the maxi num i nput
start tine difference between the video packets and audi o packets at the
begir_ning of systemstream SSb is 10 the reproduction ti-ne of two audio
frames. The next enbodi nent rel ates tgiconnecting the system strea branches
obt ai ned by neans of the system encoder according to the preferred

enbodi nent of the present invention. 15 The physical structure of the
optical disk, the overall data structure of the optical disk, and the DVD
decoder DCD in the present enbodi nent are as descri bed above, and further
description thereof is thus omtted below. 20 Note that the description of
t he present e I el L |mtey ingl e 4 ad ideo r£am
and a singl é??r%ggg{e%{%ag’i oro‘gs\??'g’gn%T oF"’gfér%ijl%ciSe[@.g E‘Seilffgﬁ?g!v?%'t h%héa

structure of#t e 25 & he d n is £ t
35 hori] ,OBLHE e Ohatd & NETAORd RTERN IWELRMAL £ 8RIN $80 e P! NSy

the user and extracted from the scenario selection

data St51. The cell information register extracts

(9]}

and records the information required to reproduce

the cells constituting the program chain PFGC based

on the user-defined scenario information extracted
into the scenario information register.
More specifically, the scenario

10 information register contains plural sub-registers,
i.e., the angle number ANGLE_NO_reg, VTS number
VIS_NO_reg, EFGC number VTS_PGCI_NO_reg, audio ID
AUDIO_ID_reg, sub-picture ID SP_ID reg, and the
system clock reference SCR buffer SCR_buffer.

15 The angle. number ANGLE NO reg stores which
angle is reproduced when there are multiple angles
in the reproduction program chain PGC.

The VTS number VTS _NO reg records the
number of the next VTS reproduced from among the

20 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 1s to be reproduced for

parental lock control or other applications.



begi nnings of the two parental |ock control system streans SSc and SSd t hat
can be corrected to the end of conmon system stream SSb. Note 3abitdt3
common system stream SSb and one of the two 5 parental |ock control system
streans SSc and SSd are arrayed to the sane tinme-base (horizontal tinme axis
T) as shown in Fig. 46. System streans SSb, SSc, and SSd shown as separate
blocks in Fig. 48 represer_t the followi ng 10 content as in Fig. 46. The
fifth rowin each block shows the structure of system streans SSh, SSc, and
SSd. System stream SSb conprises vidqggstream SSbv and audj o strean1SSba;
system stream SSc simlarly 15 conprises video stream SScv and audi o stream
SSca; and system stream SSd sim larly conprises video stream SSdv and audi o
stream SSda. The fourth rows show t he audi o packet streans A of audio
stream SSba, audio stream SSca 20 an d audi o stream SSda extracted from
system streans SSb, SSc, and SSd. The third rows show the data input/out put

state of the audio bu&fpgé %ﬁ@ﬁg\h@ to acilgi‘ng ﬁba&%gdﬁo. S‘th_qg;isgea

and audi o stream SSda are 2~ ir own i Figo 26.
25 April 209%é”§1@¥émdaU@®bSQ@%éQﬁé“Qﬁodﬁ§kﬁﬁs are to be
reproduced.
The sub-picture ID SP_ID_reg records which

of the plural sub-picture streams is to be

h

reproduced when there ar=s plural sub-picture
streams in the VTS.
The system clock reference SCR buffer
SCR_buffer is the buffer for temporarily storing
10 the system clock reference SCR recorded to the pack
header as shown in Fig. 19. As described using
Fig. 26, this temporarily stored system clock
reference SCR is output to the decoding system
controller 2300 as the bitstream control data Sté3.
15 The cell information register contains the
following sub-registers: the cell block mode
CBM_reg, cell block type CBT_reg, seamless
reproduction flag SPF_reg, interleaved allocation
flag IAF_reg, STC resetting flag STCDF, seamless
20 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 constitute one

9
W

functional block. If there are not plural cells in



streans V of video stream SSbv, video stream SScv, and video stream SSdv
extracted fromsystem streans SSb, SSc, and SSd. 5 The first regg,s 3t he
data input/output state of the video buffer 2600 when vi deo streaﬁ1 bv,

vi deo stream SScv, and video stream SSdv are input to a DVD decoder DCD.
The audi o content of the first several 10 audio franmes in audio stream SSca
and audi o stream SSda at the begi nning of system stream SSc and system
stream SSd is the same. When system stream SSb is input to the DVD decoder
DCD, the difference between the inputysgnd 15 tinmes of the video stream SShv
and audi o stream SSha to the respective buffers 2600 and 2800 is small, and
at nost is less than the reproduction tinme of t~,vo audio frames . when
system stream SSc is input to the DVD 20 decoder DCD, the difference
between the input end tinmes of the video stream SScv and audi o stream SSca
to the respective buffers 2600 and 2800 is snmall, and at nost is |ess than

the reprodughiddnfunctional block, CBM reg stores N BLOCK. If
plural 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

[V}

BLOCK 1is stored as the CBM_reg of wvalue all cells
between the first and last cells in the block.
The cell block type CBT_reg stores a value
defining the type of the block indicated by the
10 cell block mode CBM_reg. If the cell block is a
multi-angle block, A BLOCK is stored; if not,
N_BLOCK is stored.
The seamless reproduction flag SPF_reg
stores a value defining whether that cell is
15 seamless connected with the cell or cell block
reproduced therebefore. If a seamless connection
is specified, SML is stored; if a seamless
connection is not specified, NSML is stored.
The interleaved allocation flag IAF reg
20 stores a value identifying whether the cell exists
in a contiguous or interleaved block. If the cell
is part of a an intexleaved block, ILVB is stored;
otherwise N_ILVB is stored.
The STC resetting flag STCDF defines

whether the system time clock STC used for

19
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time of two audio franes. 25 April 2003 - 213 5 10 15 20 When system
stream SSd is input to the DVD decoder DCD, the difference bet@@?@wﬁlémf
input er _d times of the video stream SSdv and audi o stream SSda t t%e
respective buffers 2600 and 2800 is small, and at nost is |less than the
reproduction tinme of two audio franmes. The data i nput/output state of the
vi deo buffer 2600 when system stream SSb i s connected to and conti guously
reproduced with system stream SSc or system stream SSd is the sane as shown
in Fig. 4a. Specifically, systemstrepgg SSa in Fig. 44 corresponds to
system stream SSb in Fig. a8, and systemstream SSb in Fig. 4a corre ponds
to either system stream SSc or systemstream SSd in Fig. 48. Wen system
stream SSb an system stream SSd or systemstream SSc in Fig. 4 are
contiguously reproduced using the VD decoder DCD shown in Fig. 26, the

vi deo buffer also does not overfl ow as descri bed above with r ference to

Gt eam Ssh S/ RBMIIR L8 ANt BoRtY B0T y PR ROllESE: w T SySLa. ot Feam SSc
or system Sg'eg?gbp%sﬁaed-z%ﬁ‘gﬂ 'rzgg%d\‘%g 3!1@8 5 téﬁtt?f?n%t r&age. SSb,

SSc, and SS oduc€d using the method described wth referer ce to
Fig. 46. Thgpata $lhueldd L,k SySTemptseans: $SktSore8c, aRd r25deprodyged
according to the nmethod shown -

is not necessary, STC_NRESET is stored.

w

The seamless angle change flag SACF reg
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
10 set to SML; otherwise it is set to NSML.
The first cell VOBU start address
C FVOBU_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
15 of the first cell in the VTS title VOBS
(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 VOBU start address of the
20 last cell in the block. Thes value of this address
is also expressed as the distance from the logic
sector of the first cell in the VTS title VORBRS
(VISTT_VOBS) measured by and expressed (stored) as

the number of sectors.



in Fig. 46 is showm in Fig. 48, and seanl ess reproduction can therefore be
achi eved using the DVD decoder DCD shown in Fig. 26. As descri?gg\ﬂfﬁdb3
reference to audio frane 10 novenent Fig. 46, the maxi mum inpu eR time
di fference between the video packets and audi o packets at the end of the
system stream SSb is at nost the reproduction tinme of two audio franes, and
the maxi numinput start tine difference between the 15 vi deo packets and
audi o packets at the beginning of system stream SSc or SSd is at nobst the
reproduction tinme of two audio framasysMhen the audio frame noved from
audi o stream SSbha is connected to destination audio 20 streans SSca and
SSda, an audi o reproduction stop, i.e., an audio reproduction gap, is
provi ded when naki ng the connection. As a result, the differences in the
vi deo reproduction tinme and the audi o reproduction tinme oL each
reproduction path can be 25 corrected based on the reproduction gay

i nformation 25 Apri l 0 . SYS r ok shar bet ween
di fferent program chaiTn%QPéCiﬁzigigi]eé%ﬁ]j“t f%?lrsav\%dg‘g{r;? ?gt'au%?o%'ds
reproduct | ondd R jddderancgycan A8 BIRYSH! ath e af5ect i fgel iife PEORORS
connecting preceding and 5 follow ng systemstreams. Fig. ~9 is used to
descri be th@dﬁiée@ﬁﬁpﬁﬂséée@H@eﬁomﬂbwdmgi@egﬂgeaymramﬁ0
reproduction tine of different reproduction paths according to the present
enbodi nent . ifirf droga BPonlGt eqgie thr seffesenicn t beambesd fihelenceaheteen
the audi o and video reproduction end tines at the end of the system stream
conmod t o t Beratubtl- or Ladieonaittienaregliscams| dar i esvel ests e before
novi ng the audio data;_time Tc is the tine difference 15 between the audio
and vi deo r@prlodicEnrmlet SFANELs, at (\HeBbedi RAPAISE 105 Hadis beitent ed
title before audio data novenent; and tinme Td is the time difference

bet ween t he® ibné%ﬂrmﬁéécp@eﬁre&lh@lti%ﬁstféﬁ EEARL 865 he begi nni ng of

t he child-orienteg 20 title before audi o data novenent.
reproduction.

The information registers for non-seamless
10 multi-angle control comprise sub-registers
NSML_AGL Cl1 DSTA reg - NSML_AGL_C9 DSTA reg.

NSML_AGL_Cl_DSTA reg -
NSML_AGL_C9 DSTA reg record the NMSL AGL Cl DSTA -
NMSL_AGL_CS_DSTA values in the PCI packet shown in

15 Fig. 20.

The information registers for seamless
multi-angle control comprise sub-registers
SML_AGL_C1_DSTA reg - SML_AGL C9 DSTA reg.

SML_AGL Cl DSTA reg - SML_AGL C9 DSTA reg

20 record the SML AGL Cl DSTA - SML_AGL _C9 DSTA values
in the DSI packet shown in Fig. 20.

The VOBU information registexr stores the
end pack address VOBU_EA in the DSI packet shown in
Fig. 20.



Tt is possible to match the tinme difference between the audi o and vi deo
reproduction start tines cf at |east one of the plural differeaspmn 2003
reproduction paths following the branch to the time 25 difference o# ?%e
audi o and vi deo reproduction end 25 April 2003 -216 tinmes before the
branch. Note that it is assunmed in the follow ng description that Tb - Tc,
and Tb < Td . Because Th - Tc in the adult-oriented Stitle after the
branch, the audio franme noved fron1tq§ comon part of the adult-oriented
and child oriented title streanms can g'bonnected to the begi nning of the
adult-oriented title without an audi o reproduction gap. 10 To enable

seamnl ess reproducti on between system stream SSb and system stream SSc at
the conr3.ection, the systemstreans are generated using the first system
stream encodi ng net hod descri bed above with reference to noving audi o data
fromone 15 system st to anot her system stream SSc. The net hod of

mnSS
produci ng the system ﬁr%a?’rﬁl Csrttnﬁé'-ls%rﬁer FRSR IR sEQDedSATOYRS t h

reference reproduction comprise the following sub-registers:

an interleaved unit flag ILVU flag reg, Unit END
flag UNIT_END_flag_reg, Interleaved Unit End

0]

Address ILVU_EA reg, Next Interleaved Unit Start
Address NT_ILVU_SA reg, the presentation start time
of the first wvideo frame in the VOB (Initial video
Frame Presentation Start Time) VOB_V_SPTM reg, the
presentation end time of the last video frame in
10 the VOB (Final Video Frame Presentation Termination
Time) VOB_V_EPTM reg, audio reproduction stopping
time 1 VOB_A STP_PTM1_reg, audio reproduction
stopping time 2 VOB_A STP_PTM2_ reg, audio
reproduction stopping period 1 VOB_A_GAP_LEN1l_ reg,
15 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

20 stores ILVU if it is, and N_ILVU if not.

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 unit

25 for continuous reading, the UNIT_END flag reg



to Fig. 46 except that system streans SSa and SSb are replaced by system
streans SSb and SSc in Fig. 20 49, and further description theégggmbmoghus
omtted below. Because Tb < Td in the child-oriented title after the
brancrl, the audio franme noved fromthe conmon part of the adult-oriented
and child 25 oriented title streans can be connected to the 25 April 2003
begi nning of the child-oriented title streamw th an audi o reproducti on gap
of only Td - Th. To er_abl e seam ess reproducti on between system stream SSb
and system stream SSd at the 5 conneqispan, the system streans are generated
using the first system stream encodi ng net hod descri bed above with
reference to noving audi o data fromone system stream SSb to anot her system
stream SSd. The net hod of producing the systemstreans 10 is the sane as
that described above with reference to Fig. 46 except that system streans
SSa and SSb are replaced by systemstreans SSb and SSd in Fig. 49, and

further des Ei L@an reef disat mA,ted | LD Nat t ;packetd zi ng
in jthi S cas% io?éc%ntE'trl\(?)!?I gg sﬂoﬁ?hmﬁe CI&;;H?B%%?J%E}% géaﬁg a‘TF?ele%[%e _
audi o reprogddeid opogap ahe Hk i@fﬂé‘?%@zd\?‘eﬁhﬁuéﬁﬁe megket .aAg a result, it

is possible to wite the audio playback starting time information 20 APTS
(the audi 0 prErweRodyebirars sSNargNDi.me i ncl udi ng the audi o reproduction

pause tine) of the audio frames before and after the audi o reproduction gap
into the systemstreafhe Interleaved Unit End Address

5 ILVU_EA reg stores the address of the last pack in
the ILVU to which the VOBU belongs if the VOBU is
in an interleaved block. This address is expressed
as the number of sectors from the navigation pack
NV of that VOBU.

10 The Next Interleaved Unit Start Address
NT_ILVU _SA reg stores the start address of the next
interleaved unit ILVU if the VOBU is in an
interleaved block. This address is also expressed
as the number of sectors from the navigation pack

15 NV of that VOBU.

The Initial Video Frame Presentation Start
Time register VOB V_SPTM reg stores the time at
which presentation of the first video frame in the
VOB starts.

20 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

[
th

VOB_A _STP_PTM1 _reg stores the time at which the



The packet containing the audio frame 2~ i medi ately precedi ng the audio
reproduction gap is 25 April 2003 ~Ig _ of necessity snall. Eyﬁbﬂﬂﬂkﬂe
packi ng process a paddi ng packet is tr~erefore used to produce a
fi xed-1ength pack of 2048 bytes/pack. The audi o reproduction gap
information for S the audio reproduction gap of systemstream SSd in this
enbodi nent is inserted to the systemstreamby witing the audio frane
reproductibn end time i medi ately before the audi o reproduction gap of the
child-oriented title to the audio repyoduction 10 stopping time 1 (VOB A
STP_PTML) in the navigation pack NV (Fig. 20), and witir_g the audio -
reproduction gab time Td - Tb to the audi o reproduction stopping period 1
(VOB A GAP-LEN1l) ir_ the DSI packet. 15 Wen there is r_o audio
reproduction gap, it is possible to determne that there is no audio
reproduction gap by witing a 0 value to the audi o reproducti on stopping
time 1 (VOBrA .'I'P-F?TI\/11%.ﬁ Eﬂ%neans of, the aboy rocess, it is,20 possible
c

It
to set the ®HFE-Qi fifer ePRESTEERE Qi B &R ¥Rk 9Rd&s b 1on,
reproduction_times of_dif.ferent reproduction paths to the audi
néia qpr ogram

repr oduct i oft pCBF _t%léd%ﬁtﬁﬁpﬁq afrs ot Sar8H 838 dPFer et _
chai ns FGC'VOBZSAQ‘S{_D@ 2093 - ol s‘chf?:f%' 'ﬁ;@’l@ﬁ UL &Hgggéh%%

relating to the-awdl O +eprodacti~on gap € reproduction ccn
i nformati onpeeht gined in the navigation packs NV, the audio reproduction
gap and 5 t%e information relating to the audio reproduction gap can all be

contagned within a simie aysiem sigwadduction stopping time 2
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 presant invention as shown in Fig.

10 26 1s described next below with reference to the
flow chart in Fig. 60.

At step #310202 it is first determined
whether a disk has been inserted. If it has, the
procedure moves to step #310204.

15 At step #310204, the volume file structure
VFS (Fig. 21) is read, and the procedure moves to
step #310206.

At step #310206, the video manager VMG

(Fig. 21) is read and the vidso title set VTS to be
20 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 VTSI, and the procedure moves

2
W

Lo st=p #310210.



Furthernore, by containing the audio reproduction gay and the information
relatir_g to 10 the audio reproduction gap within a single syspgppsta0eam
it is possible to nove the audio reproduction gap within the system stream
It is therefore possible to nove the audio reproduction gap to a silent
space or other place where |east 15 audi bly perceptible, and thereby

achi eve a nore seamnl ess reproduction. The internal structure of the system
encoder 900 in the DVD er_coder ECD shown in Fig. 25 is shown in detail in
the bl ock diagramin Fig. 50. 20 No[qéﬁuﬂ t he system encoder 900
ger_erates the systemstreans. As shown in Fig. 50, the system encoder 900
conprises an elenentary strsam bu~fer 3301 for tenporarily storing the

vi deo, sub-picture, and 25 audio data; a video anal yzer 3302 for sinulating
25 April 2003 p_the video buffer state; a sub-picture analyzer 3308 for
simul ating the sub-pictu=a buffer state; an audi o anal yzer 3303 for

ST 94 2 TS S 8 T S S B Ty s
or packetToag e deg, deLas Lo data AN sl plal W 4RER Raco
producer 3307 /0 ARk pAHCaRRGKELS 110 PEQAEE: A0 tHOSHY S eRI | 3l

the title selection menu is presented.

The user is thus able to select the

th

desired title from this menu in step #310212. If
the titles include both contiguous titles with no
user-selectable content, and titles containing
audio numbers, sub-picture numbers, or multi-angle
10 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
15 number selected by the 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
20 reproduction is finished, the decoding process
ends. If a separate title is thereafter to be
reproduced as determined by monitoring key entry to
the scenario selector, the title menu is presented

again (step #310210).



The el enmentary stream buffer 3301 is connected to the video stream buffer
a00, subpicture stream buffer 600, and audi o stream buffer 80025 pAgMdos
Fig. 26, and tenporarily stores the 15 elenentary streans. The el enentary
stream buffer 3301 is al so connected to the packet producer 3305. The video
anal yzer 3302 is cor_nected to the video stream buffer a00, thus receives

t he encoded video stream St27, sinmulates the video 20 buffer state, ar._d
supplies the sinmulation result to the novenent cal cul ator 330a and

nul ti pl exer 3306. The audio anal yzer 18303 is |ikew se connected to the
audi o stream buffer 800, thus receives the eTl COded audi o stream St 3i,

si mul at es 25 April 2003 the audio buffer state, ar_d supplies the
sinmulatior_result to the novenent cal cul ator 3304 and mnul ti pl exes 3306.
The sub-picture analyzer 3308 is |likewi se 5 connected to the sub-picture
stream buffer 600, thus receives the encoded sub-picture stream St29,

si mul ates the sub-pi cRregbaitf ezhatat erepratdsappldrs irhes siequl #Bildh2 L6sul t
to the novenent cal cul ator 3304 and nultipl exes 3309. 10 Based on the

si mul at ed babpéfe sig ede sl hederdnt fealtcheat ¢k B804- card@t es the audio
novenent (numher of audio franes) and the audi o reproduction_gap

i nfor mati ont SARFE4ET i B e calbdul at F6H r BEQAI LT G %lﬁac?‘gf: pr oducer

3305 and IS mul tipl 3306. ifically, .th | cul at
3304 cal culGEET PRECKIPD GRA NOverent MRS 1 D e pr GookPg scer e, th

a audi o dat 3?@@?”%%@6\%& tO%HIE'P ¢eek ngsscserrfswnt he movenment ~TGVp of 1
€ pre i ?07th |

GOP Of vi dé ata fo prie‘cedi'ng 'STENE, t he"novenent MoV of 1 GOP of
video data fromthe fald auberg #5208, t A dmoyensel: MEAUy o cick grdad a to
Foaudi s data t Re

the follow ng scer_e, and the novenent M-AF2 o fromt
fol owing sgpBen The PREKkEt Pgoducei=830f@rodunes bhtyPe HigBer

sub-picture, ar_d audi o packets fromthe

ANGLE_NO reg, VTS number VTS NO_reg, PGC number
VTS_PGCI_NO_reg, audio ID AUDIO_ID reg, and

10 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

15 information entries C_PBI #j) 1s extracted and the
‘cell information register is defined. The '
sub-registers therein that are defined are the cell
block mode CBM_reg, cell block type CBT_reg,
seamless reproduction flag SPF_reg, interleaved

20 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.

Once the decoding system table is defined,

[ 39
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the process transferring data to the stream buffer



25 April 2003 - 222 video data, sub-picture data, and audio data stored in
the el ementary stream bu~fer 330i according to the audi o movenghpril 2003

cal cul ated by the novenent cal cul ator 330a. The packet producer 3305 5 al so
produces the repred~, ~ction cor_trol information, i.e., the navigation
packs H V. The audi o reproduction gap in:ornation is also witten to the
navi gation packs NV at this tine. Based on the audi o reproduction gap 10
information and the video and audio buffer state information sinmulated by
the video anal yzer 3302 and audi o anal§dzer 3303, the nultipl exes 3306
rearranges, i.e., nultiplexes, the video packets, audio packets, and

navi gati on packs NV. The 15 novenent cal cul ator 3304 al so perforns based on
t he audi o reproduction gap information. The pack producer 3307 then packs

t he packets, adds the system header, and produces the system stream 20
Note that the operation of the system encoder 900 is described in detai

bel ow wi th refteser 2103 ) 9an?B. tlbe gresenis edbeddeny rehat et in
connecting system streans by coupling. The re:~ct 35 enbodiment relates to
cor_nectingthest anrdavaimiffer 2bsApg 1#20034) 3ard hactriarhicrgl ebd of a
mul ti-scene period, i.e., cor~~.ecting one of plural preceding system
streans parallel.

The process transferring data to the

stream buffer (step #31032) is the process of

wn

transferring data from the recording medium M to
the stream buffer 2400. This is, therefore, the
processing of reading the required data from the
recording medium M and inputting the data to the
10 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
15 process for decoding the data stored to the stream
buffer 2400 (Fig. 26), and outputting the decoded
data to the video data output terminal 35600 and
audio data output terminal 3700. Thus, is the
process for decoding and reproducing the data
20 stored to the stream buffer 2400.
Note that step #31032 and step #31034 are
executed in parallel.
The processing unit of step #31032 is the

cell, and as processing one cell is completed, it

[ 38
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is determinad in step #31035 whether the complete



to the common system streamfollow ng thereafter. The physical structure of
the optical 5 disk, the overall data structure of the optical sk aks, sod the
DVD decoder DCD in the present enbodi nent are as descri bed above, and
further description thereof is thus omtted below Note that the
description of the present 10 enbodinent belowis limted to a single
encoded vi deo stream and a single encoded audio streamfor sinplicity. Fig.
51 shows the structure of the end of the two parental |ock control system
streans SSc 15 and SSd, and the begi.ngiyng of the follow r_g comon system
stream SSe that car_ be connected to either of the precedi ng parental
loc'.~c control system streans SSc and SSd. Note that this figure is
basically the sane as Fig. 48 in which the parental 30 | ock control system
streans are the followi ng systemstreans. Note that the one of the two
parental |ock control system streans SSc and SSd and the common system
stream SSe g e : i pes base 2 jZontas~=time axis T) as
shown in Fi%I%§2£Eﬂ¥£§h§35%nggggﬁigzggi‘ y§?§%$§?%%%%é sg;F SSd, and SSe
shown as se S -k Fi 3o FRpr e i ~pddn hher _t as
in Fig. 46.‘8%1%%5%]%?%0&% gggn ll)(legck E??\% r%ﬁecg%%l?uc%%(;eggfcqg%gtem
streanms SSCcomdledidd, Seore S&ét@dﬁhgeas”@@@f‘enwmblsés iy deerstHeamreeV
and audi o stream SSca; system stream SSd sim larly conprises video stream
SSdv and audh® sheeai &8dd. fnd stysp emhi3st 0889 SSEhdmploegs Frdeo stegam
SSev 10 and audi o stream SSea. The fourth rows show the audi o packet

5 #31030 through step #31035 is repeated until the

entire program chain PGC is processed.

The stream buffer data transfer process of
step #31032 is described in further detail below
referring to Fig. 62. The stream buffer data

10 transfer process (step #31032) comprises steps
#31040, #31042, #31044, #31046, and #31048 shown in
the figure.

At step #31040 it is determined whetherx
the cell is a multi-angle cell. If not, the

15 procedure moves to step #30144.

At step #31044 the non-multi-angle cell
decoding process 1s executed.

However, 1f step #30140 returns YES
because the cell is a multi-angle cell, the

20 procedure moves to step #30142 where the seamless
angle change flag SACF is evaluated to determine
whether seamless angle reproduction is specified.

If seamless angle reproduction is

specified, the seamless multi-angle decoding

[39)
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process 1s executed in step #30146. If seamless



- streanms A of audio stream SSca, audio stream SSda, and audi o stream SSea,
extracted fromsystem streans SSc, SSd, and SSe. 15 The third ﬁgﬂﬁwé@@g t he
data input/output state of the audio buffer 2800 when audio strea ca,
audi o stream SSda, and audi o stream SSea, are input to the DVD decoder DCD.
The second rows show the video pac'.~et 20 streans V of video stream SScv,
vi deo stream SSdv, and video stream SSev extracted from system streans SSc,
SSd, and SSe. The fir st rows show the data input/output state of the video
buffer 2C00 wh n video stream 25 Apjk$ .2003 SScv, video stream SSdv, and
vi deo stream SSev are input to the DVD decoder DCD. At the end of system
streans SSc and SSd, the video content of at |least the last GOP in each 5
vi deo stream SSdv and SSev is the sane. Likew se, the audio content of the
| ast

angle reprcduction is not specified, the
non-seamless multi-angle decoding process 1is
executed in step #30148.

Tha non-multi-angle cell decoding process

(step #31044, Fig. 62) is described further below

h

with reference to Fig. 63. Note that the
non-multi-angle cell decoding process (step #31044)
comprises the steps #31050, #31052, and #31054.
The first step #31050 evaluates the
10 interleaved allocation flag IAF_reg to determine
whether the cell is in an interleaved block. If it
is, the non-multi-angle interleaved block process
is executed in step #31052.
The non-multi-angle interleaved block
15 process (step #31052) processes scene branching and
connection where seamless connections are specified
in, for example, a multi-scene period.
However, 1f the cell is not in an
interleaved block, the non-multi-angle contiguous
20 block process is executed in step #31054. Note
that the step #31054 process is the process
executed when there is no scene branching or

connection.



several audio franes ir_ audio streans SSca ar_d SSda at tre end of svstem
streans SSc and SSd is the sane. 10 When system stream SSc is bgﬁ‘gp“ 265)3'[ he
DVD decoder DCD, the difference between the input end tinmes of t eo
stream SScv and audi o stream SSca to the respective buffers 2600 and 2800
is small, and at nost is less than the reproduction 15 tinme of two audio
frames. When system stream SSd is ir_put to the DVD decoder DCD, the

di fference between the ir_put end tines of the video stream SSdv and audi o
stream SSda to the respective buffers 18660 and 2800 is 20 small, and at
nost is less than the reproduction tine of two audi o franmes. Wen system
stream SSe is input to the DVD decoder DCD, the difference between the

i nput end tinmes of the video stream SSev and audi o stream 25 SSea to the
respective buffers 2600 and 2800 is 25 April 2003 small, and at nost is

| ess than the reproduction tinme of two audio franes. The data i nput/out put
state of the video buffTefe 2680 -WheNtSy-d HIH r EARNSSLe Ofr &Y She® Sk eam 5
SSd is connected to and contiguously reproduced with system stream SSe is
the same as pheowess FHgredd #3506Q fiBdld y, 63Ystes slgsemiB®d further
Fig. as corresponds to either system stream SSc or system stream SSd ir_ Fi
g. 5~ , ar_dosyiawnwittlrame$drence to Fig. 64.

At step #31060 the reading head 2006 is
jumped to the first cell VOBU start address

h

C_FVOBU_SA read from the C_FVOBU_SA reg register.
More specifically, the address data

C_FVOBU_SA reg stored in the decoding system

controller 2300 (Fig. 26) 1is input as bitstream

10 reproduction control signal St53 to the
reproduction controller 2002. The reproduction
controller 2002 thus controls the recording media
drive unit 2004 and signal processor 2008 to move
the reading head 2006 to the specified address,

15 data is read, error correction code ECC and other
signal processing is accomplished by the signal
processor 2008, and the cell start VOBU data is
output as the reproduced bitstream St6l to the
stream buffer 2400. The procedure then moves to

20 step #31062.

At step #31062 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the
stream buffer 2400, the decoding table is defined,

and the procedure moves to step #31064. The

9
W

registers set in the decoding table are the



10 Fig. 44 corresponds to systemstream SSe in Fig. 51. Seanl ess
reproduction can thus be achi eved when system stream SSc or sy§5ggmgkmgam
SSd is connected and cortig~aously reproduced with system 15 stream SSe.
Note al so that system streans SSc, SSd, and SSe are produced usir_a the
second net hod descri bed above with reference to Fig. 47. Mrre specifically,
the system streans can be simlarly 20 created by substituting system
streans SSc and SSd in Fig. 51 for systemstream SSa in Fig. 47, and
substituting systemscream SSe ir_ Eigy 51 for systemstream SSb in Fig.
47. T r_e nmethod of generating the systemstreans is as descri bed above 25
with referenc’ to Fig. 47. 25 April 2003 The data structure of system
streans SSe, SSd, ar_d SSe produced according to the nmethod shown in Fig.
47 is shown in Fi g. Sl1, ar_d seanf ess reproduction can therefore be

achi eved using the DVD decoder DCD shown in Fig. 26. As described with
reference t i @aAf r 8 il @2 o ~L N XiMdpirRput .gnd tinme

di fference %imee%pPhe Vggg‘gggke'sgghé?égdigﬂggckets g?ftﬁé énd of system

streams SScyayd $S¢hiBv 104, MR the gepr eduet | eI me of two audi o
frames, and the nmeaxi nmunti nput start tinme differencé between the video

packets andyawlin pagkebsved be begOmimgcaln sysiNemséeeamS8e is at nost
the reproduction Tine ©of two audio frames. 15 By providing an audio

reproducti ovOE aR, GAR. LENR apdigo. r epr oductj on gap, when noving ar_d
connecting audiio Tranmes from audi o stream SSea to destination audi o streans
SSca :ind SSda, the di Mfterehess #3810 vide depeodizomontitengE srsd t he 20
audi o reproduction time of each reproduction path can be contajned_wthin
the system 6elelan¥OR3 Shaed B&ARRE Sdif 1 EVERUpSégriadtcie? nshecd LFy. 52

is used to describe. the differer .in_the videp reproduction ti and
audi o ~5 re%F’@gLE?-F@n ¢ %?Sdilﬁf%&a%tpxﬁﬁgodujct ?olrof ptét{fsr’s a58 AR¥l 2003

one interleaved unit ILVU, is transferred to the
stream buffer 2400. The procedure then moves to

10 step #31066.

More specifically, the address data

ILVU _EA reg stored in the decoding system
controller 2300 (Fig. 26) is supplied to the
reproduction controller 2002. The reproduction

15 controller 2002 thus controls the recording media
drive unit 2004 and signal processor 2008 to read
the data to the ILVU EA reg address, and after
error correction code ECC and other signal
processing is accomplished by the signal processor

20 2008, the data for the first ILVU in the cell is
output as the reproduced bitstream Stel to the
stream buffer 2400. It is thus possible to output
the data for one contiguous interleaved unit ILVU
on the recording medium M to the stream buffer

2400.

[ 38
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- zzs accordir_g to the present enbodinent. In Fig. 52, tinme Te represents
the tinme difference between the audi o and video reproducticr_ §5§ﬁﬁl§&ﬁFS
at the beginning of the adult-oriented title before audi o data hovener t;
time Tc' is the tinme difference between the audi o and video reproduction
end tine at the end of the adult-oriented title stream and tine Td" is the
time difference between the audi o and video rex~roduction end tines at the
end of t~r,e 10 child-oriented title stream before noving the audi o data.

It is possible to match the tinme difference between the audio and video
rez~roduction end tinmes of at Ieast'&ﬁg'bf the plural different 15
reproducti on paths before the connection with the tinme difference of the
audi o and vi deo reproduction start times follow ng the cor_nection. Note
that it is assuned in the follow ng description that Te Tc', and Te < Td'.
20 3ecause Te - Tc' in the adult-oriented title before the connection, the

audio frane noved f ngmthe conprn part of the adult-qriented an
child-oriented title $i% eﬁﬁ@&a’r;%lgéa%oﬁhe&%ddﬁ;?FE‘lé?ﬁaof” % Rer

chi | d-oriented title sfLeam i fhoyts 28, a5 AU 0 £ eRrOdUGLILN 980 Phave
bpeen read and transferred. If the interleaved unit

ILVU processed is the last ILVU in the interleaved

W

block, "O0X7FFFFFFF" indicating termination is set

to the next-ILVU start address NT _ILVU_SA reg as

the next read address. If all interleaved units in
the interleaved block have thus been processed, the

procedure moves to step #31068.

10 At step #31068 the reading head 2006 is
again jumped to the address NT_ILVU SA reg of the
next interleave unit to be reproduced, and the
procedure loops back to step #31062. Note that
this jump is also accomplished as described above,

15 and the loop from step #31062 to step #31068 is
repeated. _

However, 1f step #31066 returns YES, i.e.,
a1l interleaved unit ILVU in the intexleaved block
have been transferred, step #31052 terminates.

20 The non-multi-angle interleaved block

process (step #31052) thus transfers the data of

one cell to the stream buffer 2400.

The non-multi-angle contiguous block

process is executed in step #31054, Fig. 63, is

tJ
W

descrikted furxther below with re2fsranzs to Fig. 55.

IR P )



25 April 2003 then produced after the connection as shown in the f figure .
Because Td' < Te in the c'nild-oriented title stream before th§ g@ﬂpﬁ@}'on,
the audio frame 5 noved fromthe comon part of the adult-orien?e an
child-orier _ted title streans can be conr_ected to the end of the
child-oriented title strea:~ with an audi o reproducti on gaze of cnly Te -
Td'. To enabl e seam ess reproducti on between 10 system stream SSc and
system stream SSd at the connection with system stream SSe, the system
streans are geneYated using the second system stream encodi ng net hod

descri bed above with reference to nﬁvhﬁb'the encoded video stream and 15
audi o data fromone system stream SSe to anot her system stream SSc and SSd.
The net hod of producing the systemstreans is the sane as that described
above with reference to Fig. 47 except that system streans SSc and SSd 30
in Fig. 51 are substituted for systems~.ream SSa in Fig. 47, and system
stream SSe in Fig. 51 is substituted for systemstream SSb_in Fig. 47, and
further description thstester #BusLdfi thled paadinghahegddePry 1 Gese
system streans, the 25 packets are generated so that the audio franes 25
April 2003 HetBP&ehrta éh%rfﬁ%ﬁ%u%&lieﬂ@ﬁﬂc?ﬁﬁ?paﬁ ¥e§&t contair _ed

in the sane aresult, it i ossi hl rite the audi o playback
starting ti ﬁﬁﬁgﬁrﬁ‘oﬂfeﬁﬁTglﬁ‘ﬁe t%t%i gs—fl'}ra\éﬁgiﬁe#e&fcﬁ OB Sr&M- tine
i r_c~uding »audi eprodyeti o L f the-audio:{r ore
and after'tﬁgfﬁgdﬁ% ?@pgﬁﬁu%r%%%T?§§§§ﬁ%§%g?%%8s§§$eﬁrs f%%%ﬁﬁgﬁgbggékét
cont aizni ng aydi BRI Frppdi ate eefh ng 4 her avdios i eprpdycgt i on gap
is 1050f ne%gggigghgngll. During t%ek%égggng proce2§ aggégdlng packet is
therefore usesitq preduce a fixed-1ength pack of 2048 bytes,/pack. The
audi o reproduction gap information for the audio reproduction gap of system
stream SSd in 15 this EobediemntIs0Tasarted ST t haclystenistaedm byhe
witing the audio franme reproduction end tine i mediately before the audio
reproducti oma@pgEtibe gacl- NV eldFedyti R0 t Dst e hurdiak e dprigtduthieon
stopping tinme 2 (VO+ A STP_PTM2) in the navigation . .
stream buffer 2400, the decoding table is defined,
10 and the procedure moves to step #31074. The
registers set in the decoding table are the
VOBU_EA reg, VOB_V_SPTM_reg, VOB_V_EPTM reg,
VOB_A STP_PTM1l_reg, VOB_A_STP_PTM2_reg,
VOB_A GAP_LENl reg, and VOB_A GAP_LEN2 reg.
15 At step #31074 the data from the first
cell VOBU start address C_FVOBU _SA reg to the end
pack address VOBU_EA reg, i1.e., the data for one
video object unit VORU, 1s transferred to the
stream buffer 2400. The procedure then moves to
20 step #31076. The data for one video object unit
VOBU contiguously arrayed to the recording medium M
can thus be transferred to the stream buffer 2400.
At step #31076 it 1s determined whether
all cell data has been transferred. If all VOBU in

1

21l has nct been transferrad, the data for the
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20 pack NV (Fig. 20), and witing the audio reproduction gap tinme Te - Td
to the audi o reproduction stopping period 2 (V08-A-GhP- LEN2) iQ ggﬁiggas
packet. when there is no audi o reproduction gap, 25 it is possigl {o
determne tL~:at there is no audio 25 April 2003 - 231 reproduction gap
by witing a O value to the audi o reproduction stopping tine 2
(VOB-A ST?" PTM2). By nea”_ s of the above process, i t is possible to set
the tine difference between the 5 different audi o and video reproduction
times of different reproduction paths_tjegt.he audi o reproduction gap of the
system streans not shared by different brogram chains PGC. |In addition, by
witing information 10 relating to the audi o reproduction gap to the
reproduction control information contained in the navigation packs-~T~i,

t he audi o reproduction gap and the information relating to the audio
reproduction gap can all be contained within a single system 1~ stream
Furt her nore, 0 At ng_t di £ i g he. L rymtion
relating to trﬁéxgug‘?§bwep‘?8dl%|£&oncébalgj“%;‘gﬂ#%ggg};’i n%ﬁ'g'aggbs‘%e%‘sﬂ:%aén? it
possible to @ggg%eb%@j; 0 20 deproduct hep gaD within the system stream |
is therefore possible to nove t he~ audi o reproduction gap to a silent space
or other place where | eagiwaidihl yi pesCebt Vimy dehigvensedbese Uat &as
reproduction not permtting the audio buffer to ZS underflow, and thereby
achi eve seanllesen Rboafpftr2G03 aseprdduetimineld tivg &ddéo i nformation that
is inmportant for human perception of data contiguity. The system streans
descri I3ed abdVel3HdBUb& Jor vegr sda bisiangl thes B§pt ¢l 20 760det n@€00 of the DVD
encoder FCD shown ir_ Fig. 25. The structure of the system encoder 900 is
as descri bed OBvEWLEH. TRRGlENcEONF FoUQUS 5D LOGK ~-pHIAFeR6r WBSeX pti on

t hereof is thus onitSed bel ow. , _
#31054) terminates. This process: thus transfers

S
t

the data of one cell to the stream buffer 2400.

Decoding flows in the stream buffer

10 The process for decoding data in the
stream buffer 2400 shown as step #31034 in Fig. 61
is described below referring to Fig. 66. This
process (step #31034) comprises steps #31110,
#31112, #31114, and #3111e6.

15 At step #31110 data is transferred in pack
units from the stream buffer 2400 to the system
decoder 2500 (Fig. 2€). The procedure then moves
to step #31112.

At step #31112 the pack data is from the

20 stream buffer 2400 to each of the buffers, i.e.,
the video buffer 2600, sub-picture buffer 2700, and
audio buffer 2800.

At step #31112 the Ids of the
user-selected audio and sub-picture data, i.e., the

ra ID

9
v/}

audio ID AUDIO_ID reg and the sub-pic

e



The process of producing the above 10 described system streans is described
below with reference to Fig. 53. Note that this process is thex§ugtieso3
encodi ng subroutine shown as step #2200 of the system encoder flow chart
shown in Fig. 34. System encoder flow chart 15 The system encodi ng process
is described belowwth reference to Fig. 53. At step ;307002 the
conditions for connecting with the precedi ng scene are eval uated based on
the state of the preceding VOB seanl ess 20 connection flag VOB Fsb. If a
non- seam ess connection with the preeé@ Ag scene is Sped .fl.ed, i.e.,

VOB Fsb _ 1, the procedure noves to step #307010. At step @07010 the
novenent cal cul ator 25 3304 (Fig. 50) sets the audi o data novenent M-Apl

25 April 2003 - 233 fromthe preceding scene, i . a . , t~~e r_unber of
audi o frames noved, to 0 based on the VOB Fsb 1 declaration. The procedure
then noves to step B07014. 5 If a seanl ess connection with the preceding
scer_e is s@pi filkdreg estoYAR-FRSh tHe alcsthepinB0rAGdrhde iprocedure
noves to step @O07004. At step #307004 it is determnm ned whether the
precedi ng sceagilistén smowti -isteRegper 58d. dtel @ampesad owl thetpreocedur e
moves to step #3070L2; if it is, the procedure noves to step QB07005. At
step i~ 3070@trramudPy aRda seveREmeamAGD f remd herpreceds mpckate is
cal cul ated, ,and the procedure nnveg%io step #307014. Note that the 15

met hod of calear@y ngft%- atdilo dafg nelRendrrt Ji PafeSEFhAL & ter this

ith ref tq Ficr. 54 bel ow. ,At.step 307Q06 til t
VGip o 1 GEEPUS dbe S 6 TREH PRt SEBRe | & L2 GRF SR ARt he
d t #307QQ8. I fi -t di is i lti-
beri od. 1t Teiag R B8 B kRt 8RS 1l cul ate ¢ he audi o data moverent
MEApl as i step 30703 Afe@ckRSUtimidg B erEAl AlsBRE R0l Vi deo

data fromthe
decoders (video, sub-picture, and audio decoders)

is controlled in step #31114, i.e., the decoding

10 operations of the decoders are synchronized, and
the procedure moves to step #31116.

Note that the decoder synchronization
process of step #31114 is described below with
reference to Fig. 15.

15 The respective elementary strings are then
decoded at ste§ #31116. The video decoder 3801
thus reads and decodes the data from the vidso
buffer, the sub-picture decodexr 3100 reads and
decodes the data from the sub-picture buffer, and

20 the audio decoder 3200 reads and decodes the data
from the audio buffer.

This stream buffer data decoding process
then terminates when these decoding processes are

completed.



25 April 2003 _~3.~_ beginning of the present scene to the precedi n5 scene
is calculated. At step QB07008 the audi o data novenent MFAp2 t®5 AP@ 2003
foll owi ng scene is calculated, and the 3 procedure noves to step n807014.
Note that the nethod of calculating t he audi o data novenent MFApP2 is
described after this process with reference to Fig. 55 below At step
~3070?4 the conditions for 10 cor_necting with the foll owi ng scene are
eval uated based on the state of the followi ng VOB seamnl ess connection flag

VOB-Fsf . If a r_on-seanl ess connecti n with the follow ng scene is
specified, i.e., VOBrFsf - 1, the pr edure noves to step 15 B07022. If a
seamnl ess connection with the follow ng scene is specified, i.e., VOB, FSf -

1, the procedure noves to step #307016. At Step @B07022 the ntvenent

cal cul ator 3304 (Fig. 50? sets the audio data novenent MFApl 20 to the
followi ng scene to O based on the VOB-Fsb 1 declaration. The procedure
then noves to step #307025. At step n807016 it is determ ned whether the
foll owi ng scene is inEhaulEcedane HERCEE QBLFRLHOS PROGRSEEi XStene fl ag

VOB- F If it is not, 25 ril 2003
P step #31114, ffb 66, is described below with

reference to Fig. 15. This processes comprises
steps #31120, #31122, and #31124.

5 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, 1if
not, the procedure moves to step #31124.

10 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.

15 Svstem encodex

In the embodiment described below, plural
buffers, including a stream buffer 2400, video
buffer 2600, audio buffexr 2800, and reordering
buffer 3300 as shown in Fig. 26, are used for the

20 single time-share controlled buffer of the DVD
decoder DCD in the present invention.

Note that in the following description the
actual buffer means made from semiconductor memory
devices or similar physical means are referred to

1

, " and the buffar means to
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i.e., VOB F~ 1, the procedure noves to step #307024; if it is, i.e., VOB-Fp
- 1, the procedure noves to step #307018. At step #307024 thedﬂyg'ﬂzﬁgga
novenent 5 MFApl, M.~Ap2 to the following scer_e is cal culated, and the
procedure noves to step #307026. Note that the nethod of cal culating the
audi o data novenent MFAp2 is the sane as that used in step #3070i 2. At step
#307018 t he novenment MoV of 1 GOP 10 of video data fromthe follow ng
scene is calculated, and the procedure noves to step #307420. At step
#307020 the audi o data movenment MrApZ+hrom the follow ng scene is
calculated, and 15 the proce3ure noves to step #307026. Note that the

nmet hod of cal culating the audi o data novener t MFAf2 is the sane as that
used in step #307008. At step #307025 the audi o reproduction stopping tinme
1 (VOB A STP_PTML) and the audi o ZO reproduction. stopping period 1 (VOB A
GAP_LEN1) are calculated fromthe audio and video end tines of the

precedi ng s e T E e es_it t ep . step #307028
the audio r%ﬁk@%c?ﬁ'oﬁ“gg%gt%pg%l@t% ft%%i_gﬁg% )é%téﬁdeti ne audi o
25 April 20Q3 .5+~ p ck o ORPI<AY+ ReMAI LN e
cal cul at ed ?Jcr)lrﬁ]tgﬁg' laéugi g%%j_%ll'vi%&g% gﬁﬁ'?%&e%%%@f g%wg?e_g s)geea‘rfe.
The procedutg tdgn mmyRs tliQsh 8P HBPFAIY At siepe BHYRBO Jills-pudioydal a,
includirlg the audi o novenent, is packetized, and the proceduré noves to
step n30703&ata Atlesiei QB07082 cidmep Vedend dahs t anclarteogdly e wrdgothe
novenent, i s packetized, and the 10 procedure noves to step B07034. At

st ep 3#307032cthd napgmedommabVINdesagbmer B, oplearatdiom r eprodiintiison
stopping time 1 (VOB A STP-PTML) and the audio reproduction stopping period

1 (VOB A GAPELENINOYEA fFe @O@pP&rison with load imposed by the
encoded audio and video streams. The description
of the present embodiment below is therefore
limited to a single encoded video stream and a

10 single encoded audio stream for simplicity.

Shown in Fig. 39 are the simulated results
of data input/output to the video buffer 2600 and
audio buffer 2800 of the DVD decoder DCD, and the
sequence in which the DVD encoder ECD multiplexes

15 the encoded video stream St27 and the encoded audio
stream St31l to generate the corresponding
bitstream. Note that the progression of time is
shown on the horizontal axis T.

The frame Gl shown at the top row in Fig.

20 39 shows the vacketizing of the encoded wvideo
stream St27 by the DVD encodexr ECD. Each block V in
frame Gl indicates a video packet V. The vertical
axis indicates the input transfer rate to the wvideo
buffer 2600, and the horizontal axis, time-base T,

indicates the transfer time. The area of each video

3]
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15 reproduction stopping tinme 2 (VOB A STP_PTM2) and the audi o reproduction
stoppir_g period 2 (VOB A GAP LEN2) are recorded, and the procsgz{ﬁlgﬁﬁgs
to step (B07036. At step @B07036 the video packets V, audio 20 ' ets A
and n a-,rigation pack i~V are nultiplexed. As described above, it is thus
possi ble to nove audi o and vi deo data between scenes according to the
conditions for connections with the p receding and foll ow ng scenes, and
generate the 25 system stream accordi ngly. 25 April 2003 ~3~_ The method
of calculating t~ a audio data nove-fjef.t MFApl in step QB07012 above is
described below with reference to Fig. 54. In Fig. 54 video 1 is the video
data at 5 the end of the preceding scene, with the video 1 |ine
representing the change in video data accunul ation at the end of the
precedi ng scene in the video buffer 2600 of the DVD decoder DCD;, video 2 is
simlarly the video data at the beginning of 10 said scene with the video 2

o E or ChLoSSALIN L b2 00B00S, 8 el Abdee data A5euma! ok herykdeo .

buffer 260 rnning of Sald scene. ofh Video 1 and

vi deo 2 repc{@%%asi he-18t ake 0f st-be v fdeq Duf {ersibsler ayibrsyushamsstsgam

connecti on. the time video 2 is first decoded; tv is the video 2

transfer st@ft tHaeawrdfol packsetl aldof rioeauat i ag 0031 dhetkwtwhere
video buffer verifier delay vbv delay is defined as the tinme fromthe start

of data i nmizeo 2Notdes, vhdeoebatkf,ertha tt hensfla t the deeddimgoakkatesodi ng
starts at vbv-delay after the start of data input to the video buffer, a
vi ded buf f @ppeEr uaderbeowarges ddmabe Gleei alildepr @aaked JuVi ndg t@e,
foll owi ng decodi ng process._ ?5 tv VDTS -, vbv_de 1 a fr [ 1] 25 Apri
2003 - 23gcontain more data, the audio packets and video
packets are all the same size.
Data input/output to the video buffexr 2600
of the DVD decoder DCD is shown on the second row
10 of Fig. 39. The vertical axis Vdv here indicates
the accumulated wvideo data volume Vdv in the video
buffer 2600. .
Moxe specifically, the first video packet
V in the encoded video stream St71 input to the
15 video buffer 2600 is input at time Tbl. The last
video packet V in the encoded video stream St71 i;
input at time Tvf. Line SVi thus indicates the
change in the video data volume Vdv accumulated in
the video buffer 2600 at the front of the encoded
20 video stream St71, and line SVEf indicates the
change in the video data volume Vdv accumulated in
the video buffer 2600 at the end of the encoded
video stream St71. Thus, the slopes of lines SVi

and SVf indicate the input rate to the video buffer

2600. Line BCv indicates the maximum accumulation

[3°)
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Audio 1 shows the transfer of audio frames at the end of the preceding
scene to the audio buffer where afl, aft, af3, and afa are the di. é mes
contained in audio 1. Note that the audio 5 frane is the encod?ﬁg\ﬂf%(ggs
unit, and contains the audio data for a defined period of tine (Af). Audio
2 shows the transfer of audio frames at the beginning of the scene to the
audi o buffer where af5 and af6 are the audio franmes contained in 10 audi o
2 . APTS is the tine the audio in audio 2 is first reproduced. The audio
frames (af3, af4) transferred during-pesi-od APTS fromtinme tv, i.e., the
nunber 15 of audio franes (Arove) MFApl attached to audio 1 transferred
after the start of video 2 transfer, is calculated according to equation 2.
Anmove - (APTS - tv - Af) / Af [2] The audi o data nmovenent (nunber of audio
20 frames) fromthe preceding scene is thus cal cul ated. The net hod of

cal culating the audi o data novenment MFAp2 to the follow ng scene in step

#307008 aboves g Hesgr | aed W Wigtdy Eefsf enee 1ona5 H decdBu £ £25 April
2003 -239 As ?E é#g.9543§v?§§%9?/is-the &ﬁégo data at the end o? t he
precedi ng scegeo and video 2 is simlarly the video data at the beginning
of said scene. Note that both video 1 and video 2 show the 5 video buffer
state before scene conNecttd opha¥DIBine s hBGv nendi d0a?2aire f deste tmdocked,
GOP nove is the one GOP video data GWp noved in step #307006; tv is the
time video asadien stataswifittamviag tihe SOEmBTe FuuaEn yneRdzoP, and
can be uniformy 10, cal cul ated. Audio 1 shows the transfer of audio franes
5 according to the MPEG standard.

The accumulated video data volume Vdv in
the video buffer 2600 increases linearly, and at
time Tdl the first block di of video data is batch
transferred in a first-in first-out (FIFO) fashion

10 to the video decoder 3801 whereby it is consumed
for decoding. As a result, the accumulated video
data volume Vdv is reduced to (BCv - dl), and then
continues to accumulate. Note that while this
example shows the accumulated video data volume Vdv

15 at time Tdl to have reached the maximum storage
capacity BCv of the video buffer 2600, it is not
necessary for the accumulated video data volume Vdv
to have reached the maximum storage capacity BCv
when decoding begins, and may obviously be less

20 than the maximum storage capacity BCv.

Part of the data dl transferred to the
video buffer 2600, specifically the data at point B
at the top end of the dotted line having the same

slope as line SVi and intersecting the time-base at

[ ]
W

intersection tb, was data input at time Tb. Thus,



at the end of the preceding scene to the audio buf f er where of 1, of 2 ,
of 3, and of 4 are the audio frames contained in audio 1. Not 59@§“%@¢§3
audio 15 frane is the encoding process unit, and contains the audro data
for a def fined period of tine (Af ) . Audio 2 shows the transfer of audio
frames at the beginning of the scene to the audio buffer where af5, af5,
and af 7 are the audio franes 20 contained in audio 2. APTS is the tinme the
audio in audio 2 is first reproduced. The audio franes ( of 5, of 6 , of 7
) transferred during period APTS frem7i{te tv, i.e., 25 the nunber of audio
frames (Anove) MFApl attached 25 April 2003 - 240 to audio 2 transferred
before the start of video 2 transfer after noving GOP nove quantity of GOP,
is calculated according to equation 3. Anove - (APTS - tv + 2Af) / Af [3]

the data blcck di first decoded is the data input
between time Tbl to Tb2. Furthermore, when data
input time Tb2 is later than decoding time Tdl, a
data underflow state occurs in the video buffer

2600 at time Td1i.

W

The variation in the per-picture encoded
data quantity 1s great in an MPEG-compressed
encoded video stream, and temporary depletion of
large amounts of encoded data may occur. To prevent

10 a data underflow state from occurring in the video
buffer in such cases, it is necessary to write as
much data as possible to the video buffer 2600." The
time required for data transfer is thus called the
video buffer verifier delay vbv_delay.

15 The third row in Fig. 39 shows the audio
data packetizing process. As with the video data
packests in the first row, the frames A indicate the
audio packets A, the size of which is equal to the
size of the video packets V.

20 The fourth row simulates the results of
data input/output to the audio buffer 2800 similar
to the results of data input/ocutput to the video
buffer 2600 in the second row. The vertical axis
here indicates the accumulated audio data volume

25 Vda in the audio stream buffer 2800.



5 The audi o data novenent (nunber of audio franmes) to the precedi ng scene
is thus cal cul ated. Audio crap reproduction Drocessincr Wile %g m%%d%
structure of the DVD decoder DCD used in the present enbodi nmen g 0
shown in Fig. 26, the synchronizer 2900 is structured as shown in Fig. 56
to process the audi o reproduction gap. As shown in Fig. 56, a block diagram
of the synchronizer 2900 shown in Fig. 26, the t5 synchroni zer 2900
conprises an STC generator 29S0, audi o decoder controller 2952, and audio
decoder control data buffer 2954. Tha73FC generator 2950 generates the
system cl ock STC used as the reference clock for 20 decodi ng control based
on the system clock reference SCR val ue set by the decodi ng system
controller 2300. The audi o decoder controller 2952 controls the decoding
start and stop of the audi o decoder 25 3200 based on the STC value fromthe
STC gener at or 25 April 2003 - 241 2950 and the control information from
t he audi o decoder contjle data thbuf herp2 $4.3§'hgiﬁgjifgv§ﬁ(_:oggr eatrol data
buffer 2954 stores the values of the audi o decoding cofitrol 5 information
(such as VARBiASIPpREGand aBoA @PakENt sek byrape desoding aysies
controll er 2300.

presentation start time, Fv is the video frame

reproduction time, and Fa is the audio frame

reproduction time Fa.

[V]]

At time Tadl, the first audio packet A in
the encoded audio stream St75 is input to the audio
buffer 2800. Line SAi thus indicates the change in
the audio data volume Vda accumulated in the audio

10 buffer 2800 at the front of the encoded audio
stream St75, and line SAf indicates the change in
the audio data volume Vda accumulated in the audio
buffer 2800 at the end of the encoded audio stream
St75. Thus, the slopes of lines SAi and SAf

15 indicate the input rate to the audioc buffer 2800.
Line BCa indicates the maximum accumulation
capacity (storage capacity) of the 2800. Note that
the maximum storage capacity BCa is obtained in the
same manner as the maximum storage capacity BCv of

20 the video buffer 2600.

The audio access unit, i.e., the audio
frame (which is also the audio compression unit),
is generally constant in the audio stream. A data
overflow state occurs in the audio buffer 2800 if

25 the encoded audio stream St75 is input to the audio



The operation of the synchronizer 2900 thus conprised according to the
present enbodinment 1.0 is described below wth reference to Fig Zalggﬁ
Fig. 56. The overall operation of the DVD decoder DCD in Fig. %APE

previ ously described, and further description thereof is thus omtted

bel ow. 15 The operation related to the specific processes of the present
enbodi nent is described below. Referring to Fig. 26, the decodi ng system
controller 2300 reads the audi o reproduction stopping tine 1 (VOB

A STP_PTML), the audio 20 reproduct[q;ss;opping period 1 (VOB A GAP LEND
t he audi o reproduction stopping tine (VOB A-STP_PTM2), and the audio
reproducti on stopping period 2 (VOB*"A GAP-LEN2) fromthe DSI packet in the
navi gati on pack NV, and stores these 25 four values as the audi o decode
reproducti on 25 April 2003 - 242 - _ stopping information to the audio
decoder control data buffer 2954 of the synchronizer 2900. When the tine

supplied fromthe S ngrat or 2950, mat ches {he_audi o_reproducti on

st oppi ng tiﬁg]fr%F/oé%Agng-@TM)‘s*s%reé’%lPﬁi AbdFo ‘H@tgge‘?xggrﬂcf%ﬂgdat a
buf fer 2954, -.the di ; r.. ro t o] der 3200
for the aud?gk$é%§§ﬁﬁ%P g% S obp?%%’pé%ﬁ%dg%é%V@@g%&tﬁggegﬂﬁ§ gﬁﬁﬁgd in the
audi o deco ntyy : = %@ﬁa Udgg% e e~ ki upplied
fromthe S%%k§§%%§§tJ{Q%Qg%hﬁéﬁgﬁigétﬁ% a gio r p?g tPS%Ps gpgﬁﬁg time 2

(VOB- A_STP_HiMA)o sbeiefleirn dgoaudivetecades qonbpalndgat & Huf far 2954, the

audi o decoder controller 29S2 stops the 15 audi o decoder 3200 for the audio
repr@luct i caustioppbrgipeti ad Qanvid: Ab@ARL AEND) wsheried hudie audi® decoder

control data buffer 2954. By thus conprising a STC generator 2950 and audi o
decoder corstoned 2982thehaugdachrionEfer 20820D01iss abheunedr, odess . gudi o
reproduction gaps contained in the systemstreamof a nmulti-scene period
when connedi?ﬁﬁxﬁegbreanlfron1a mul ti-scene period with a comobn scene
stream Note that an audi o reproduction gap may 25 og¢cur in the present
invention in one or beM¥ERermore, becguse ghe video packegs v
and audio packets A are contiguous in a single
10 bitstream, the following video packet V cannot be
input to the video buffer 2600 even through the
video buffer 2600 itself is not in a data overflow
state 1f a data overflow state occurs in the audio
buffer 2800. Thus, a data overflow state in the
15 audio buffer 2800 may create a data underflow state
in the wvideo buffer 2600 depending on the duration
of the data overflow state.
Therefore, to prevent an audio buffer
overflow, data input to the audio buffer 2800 is
20 restricted when the sum of the data accumulated in
the audio buffer and the data size of the packet
exceeds the maximum audio buffer capacity. More
specifically, the present embodiment transfers only

the packet (s) containing the (frame) data required

25 by the audio decode time, and does not permit



25 April 2003 - 2-t3 VOB 6 and VOB 7 corresponding to scenes 6 and 7 in a
parental |ock control scene period as shown in Fig. 21. The dengi 9200
process executed by the 5 decoding systemcontroller 2300 of the 6€eseﬁ%
invention is described briefly beloww th reference to Fig. 60, Fig. 61,
Fig. 62, Fig.~63, and Fig. 6a. The process executed by the audi o decoder
controller 29S2 of the present invention is then |10 described with
reference to Fig. 57. In Fig. 60 the title selected by the user is
extracted fromthe nultimedia bitstrqagp MBS stored to the digital video

di sk, and the VIS PGCl #i programchain (PGC) data for reproducing the 15
selected title is extracted by the decodi ng systemcontroller 2300 of the
DVD decoder DCD at step #3102l1a. Then at step #310216 the selected title is
reproduced based on the extracted VIS PGCl #i program chain (PGCO)

i nformation. The process shown 20 in Fig. 60 has already been described in

detail above, _and_f.urther gpsc Lpti.or thereotﬂi thus. om tted bel ow,_ The
process of LOBTBAGCHR THETEIPECHE Hogham S hari TSt & #9P6A5CFi g
60, is sho i Eig. d Il bel.aw 5 ri 003 - 24-t At
step #SIOSSEFﬁg %gg& |&ag§;g$gﬁ1?gﬁYéggﬁ%Mnbgﬁiﬁf%% §9Pi§h§£t. The transfer

process to &h%ﬁféﬁ@%ﬂ;%:;tlg%gé&%éée%i#zgéoé%) bsﬁéd ddlekdal Q%ﬁﬁﬁfa

process in the stream step 5 #3103 ar € executed i arallel.

Note that thexmpcagsi of het epud3t0Rramdased 0N bhe L2l htr epgadugibhgn
information in the PGC information entries G PBlI # . The process shown in
Fig. $1 haswaluteaDy lheenadeserebedng) Jetvhe alwoye, fand twd hErahe
description thereof is thus omtted bel ow. The stream buffer data transfer
execut ed fofoddobwiald thpraturtrient i itamat ien shnwl {@eeEdws drmat i on
entries CPBlI # ) by the process of step #31032 is described in further
detail bel oWP3lkeferring to Fig. 62. Because a parental |ock control scene

i s being processed in_the present. enbodj nent, step, #31040 of Fig. 62
returns NO, and the p?%)éje"dur é%@@"‘i’-’bd}l@ﬁfeﬁ'—@%o .quhélapt?%CQﬁggﬁG\m in
Fig. 62 has_already /heen scribed,.in 2 etali] .above nd further
desmﬂpthnﬁﬁﬁﬁ%@fﬁ%?whg Qﬁﬁttif%el ) ald the auglo bu%%er

10 input/output timing (row four, Fig. 39), only
approximately one audio frame of data is input to

the audio buffer 2800 before the audio decode time.

Because of the characteristics of an MPEG-
compressed video stream, decoding normally starts
15 at video frame reproduction time Fv before the
first video presentation start time Tvpl, and the'
audio data is input to the audio buffer 2800 at
audio frame reproduction time Fa before decoding
starts, i.e., before audio presentation start time
20 Tapl. The video stream is thus input to the wvideo
buffer 2600 approximately (video buffer verifier
delay vbv_delay + video frame reproduction time Fv -
audio frame reproduction time Fa) before audio

stream input begins.



The non-nufti-angle cell decoding process, i.e., the parental |ock control

cell decodi ng process executed as step #31044, Fig. 62, is 2~ @égﬁ&ﬂ?@%%
further below with reference to Fig. 63. 25 April 2003 -2.t57St€p 50

eval uates the ir_terleaved allocation flag | AF reg to determ ne whet her the
cell is in an interleaved bl ock. Because the seamnm ess connection, parental

| ock control title processed 5 by the present enbodi nent is arrayed to an

i nterl eaved bl ock, step #31050 routes control to step #31052. The process
shown in Fig. 63 has already been desgédped in detail above, and further
description thereof is thus onitted belfow. 10 The non-nulti-angle

i nterl eaved bl ock process (step #310S2, Fig. 63) is described further bel ow
with reference to Fig. 64. At step #31062 the audi o reproducti on stopping
time 1 (VOB A STP_PTML), the audio reproduction stopping 15 period 1 (VOB A
GAP LEND , the audio reproduction stopping tinme 2 (VOB_A STP_PTM2), and the

di duct i t oppi ng. period 2 (VOB A.GAP_LEN2). are extracted th
f2bl 6 data from the DS EBaCKELEn GHE iy 56 ond FadC RIS B Ee S SHIES
t d to the.2 i d tral t f i 5 T
o ocedur &t hoh WEVESE 05 ST ERE, S1004 it Bbp Ve Tae SR AT 7 TEERUN T hued
til it 1.ned 54h 1~iynt b i
| s PR 080 Bl £12BHA1065 Lbate LIt prhgaug unirhse | 8o
execut ed by /e qudh8cderpdRE LNk £al 'ﬁ&t%%]?ehﬂ'é:dgbgg‘?mﬁt‘i%ékg gy next

with reference to Fig. 57. At step #202301 the audi o decoder 5 controfler

2952 ieads tﬂf@féq@x@cé@pr@@ueh@méb%@taq% nenbUYOB iMmSIPLRTMhef rom t he
audi o decoder control data buffer 2954, and conpares VOB A-STP-PTML with

the system duwdk cSTEhlr omdbe SE fenes ator 2950. If the val ues match,
i.e., a 10 YES is returned, the procedure noves to step #202302;, if the
val ues do not match, iFer, exakpile reTheds tHeeprioudedr &qmvESNI 0 step
#202303. At step #202302 the, audi o_reproduction stopping period 1 (VOB A
GAP LEN1) | $YEaGY roRPiHe 25MEUPE ddr®dérl 8kt RACHatad: bEheerenggfiedng

Lhe audio decpdel, 200 5,sigppeclar LN s perioh a1 olep 1202000 e
(VOBﬁ¥STPJﬂ$thr€fhg15¥dE%e first pack in the encoded audio
stream. The packed data is then multiplexed
referenced to the buffer input time of the data in
the packs to the audio and video buffers. Because
the encoded video stream is thus input to the video
15 buffer 2600 at approximately the vbv_delay plus one
video frame minus one audio frame, plural video
frames are contiguous at the front of the system
stream. There is a similar series of audio packets
at the end of the system stream equivalent to
20 approximately the lead time at which the wvideo

stream 1s buffered before the encoded audio stream.

Note again that a data overflow state
occurs in the audio buffer 2800 if the encoded

audio stream St75 is input to the audio buffer 2800



20 decoder control data buffer 2954, and conpares VOB A STP_PTM2 with the
system cl ock STC fromthe STC generator 2950. If the val ues nagﬁgg)ﬂ @O a
YES is returned, the procedure noves to step #202304; if the v §'8 %ot
match, i.e., a NOis 25 returned, the procedure returns to step #202301.

25 April 2003 -2.~7 At step #202304 the audi o reproduction stopping period
2 (VOB A GAP_LEN2) is read fromthe audi o decoder control data buffer 2954,
and the audi o decoder 3200 is stopped for this period. 5 The audio
reproduction stopping tine infornatioPﬂéVCB A STP PTM and VOB A GAP LEN) is
thus witten to the DSI packet of the vigation pack NV in the system
stream Based on this audio reproduction stopping time information, the DVD
10 decoder DCD conprising an audi o decoder control data buffer 2954 ar~d an
audi o decoder controller 2952 for controlling the audio stream decodi ng
operation is able to process audi o reproduction gaps found in parental |ock
control scenes, i.e., 15 in sy%ienlstreans shared b _plu%ﬂgadifferent

program chailfd 8s SEKeWh IRRFELQC 38C & F3LehR¥F&S abfe pr event
intermttent_ video regr oduction (vi d.eot.f reezi nlg%/ %{19 interm ttent_ audi

Leﬂ oduct i OF?%H"}%}' Oatskd by ad&t a-urderty e "i-'?lutsne?:(?f:(?° S

t t
connect ed o107 r EhHT o t by adny S RaR S AR 1 oI (FAFIh ng) or to
(precedi ng) dhesane S¥PPM FLEEAM NI Sbigle bl | ¢ pudhe dal gy goved in

25 audio frame units ir~ the above ( , {he sane 25 April 2003 -
248  gffect kke aghieuedotl ddeiagdie (HaEs ansibeokeitankst sped ein

units used as the novenent unit to connect and contiguously reproduce
system the audio buffer 2800 i1s consumed, i.e., decoded.
Gaps therefore occur at the end of the system
stream when only the audio packets are being
transferred.
10 For example, 1if the video bit rate is 8
Mbps, the video buffer capacity is 224 KB, and 224
KB of video data are buffered before video decoding
starts in the DVD system, the video buffer verifier
delay vbv_delay will be approximately 219 msec. If
15 NTSC video and AC-3 audio coding are used, one NTSC
video frame is approximately 33 msec, and one AC-3
audio frame 1is approximately 32 msec. At the head
of the system stream in this example the wvideo
stream leads the audio stream by approximately 220
20 msec (= 219 msec + 33 msec - 32 msec), and wvideo
vackets are arrayed contiguously for this period.
The audio packets continue in a similar
series at the end of the system stream for the lead
time of the encoded video stream to the encoded

audio stream.

[ 3]
W



streans. 5 Furthernore, while video data is nmoved in GOP units accordir_g
to the second system stream production nethod in the above enbggi@ﬁpﬁoogzhe
sanme effect can be achieved if the GOP units are broken into snaf\er units
used as the novenent unit to 10 connect and contiguously reproduce system
streans. Furthernore, while only audio data is noved according to the first
system stream producti on nethod in the above enbodi nent, the sane effect
can be achieved if video data is also noved 1~ fromthe system stream
precedi ng the connection to the systeilstream foll ow ng the connection. The
present enbodi nent has al so been described with reference to only one video
stream and one audi o stream but the invention shall not . 20 be so
limted. Wiile the present enbodi nent has been described with particul ar
reference to branching and connecting streans as used to inplenent a
parental |ock control feature, seam ess contiguous 25 reproduction can al so

be achieved in nulti-angl ehuxtoABEUC2008 and recording the system
streams, audio and video reproduction can be
accomplished without creating a data underflow

stats in the wvidao buffar of the DVD deccder shown

wn

in Fig. 26.

Movies and other titles can be recoxrded to
an optical disk by a DVD system using this type of
MPEG system stream. However, if plural titles
implementing parental lock control, director’s cut
10 selecticons, and other features are recorded to a

single optical disk, it may be necessary to record
ten or more titles to the disk. This may require
the bit rate to be dropped with the incumbent loss
of image quality.

15 However, by sharing the system streams
common to plural titles, e.g., titles implementing
parental lock control, director’s cut selections,
and other features, and discretely recording for
each of the plural titles only those scenes that

20 are unique to those titles, it 1is possible to

record ﬁlural different titles to a single optical

disk without reducing the bit rate, and thereby
without loss of image quality. This method thus
makes it possible, for example, to record plural

titles for different countries, cultures, or

td
h



- 249 scene periods in which the plural video streans provide different
perspectives (views) of the sane title content, and using nult psRdtE2003
optical disks to which system streans configured as described 5 above are
recorded. The second system stream production method descri bed above is
described as being used at connections fromone of plural systemstreans to
a single commobn system streamin the present 10 enbodi nent. However, the
sane effect can be achieved using the first system stream producti on net hod
descri bed above when the same audio ﬁ formation is recorded to system
streans not shared between different Bfégran1chains. 15 The present

enbodi nent was al so described using a digital video disk DVD, but the sane
ef fect can be achi eved using other optical disks recording system streans
having the sane data structure as that of the present enbodi nent descri bed
above. 20 Wth the audio and video data interleaving nethod of the present

enbodi nent fhe audio data input by the decoding ti i hel udes, only the data
used in thetAEIULAGH cgﬁ‘éé"@dg bPerat§ bR Q#Jr%ﬁrrgi r?g%?‘{f rW?’f‘?)élrpacket

25 Apr i1 205804 S55 bR Por LndBrH Aol L HBeS A6E dtbareut ol BhEetiar
as the inte #E§¥éngugﬁtfeg.interleaves the audio and video data to transfer
audi o data ih guantity and frequency preventing an audi o buffer 5

underflow state, the agame.ghfefle CARF he achipyedt Jober BbOAJAGL iftgrt 0

the audi o reproducti on gap at "a system stream branch is"witten to the

audi G r epr 0gyetdonagt oOppERg déferbi VOB AKDRnPTHM) Fdngl. t he audwpen
reproduction 10 stopping period 1 (VOB A GAP LEN1) fields of the navigation

pack NV in g¢bequileni eaboditestcerbas "t ionaedimingprasuct vanogaemee,
information may be witten to the audio reproduction stopping tinme 2 (VOB A
STP_PTM2) ant tdizhemdiscengpddeemed . Srsswppiaiy eficon 2ndVOB anGARL EEN2)
fields. Information relating to the audi,o reproduction gap at a system
stream(KNW@@ﬁQﬁﬁﬂ?dMlﬂtéwEECMQBhmmlﬁm@@ﬁkﬁﬁtgﬁf%ﬂgéir%oﬁ- 2 (VOB

A STP PTM2) and the audj o reproduction 20 stoppin eriod, VOB A
GAP_LEN2) %?@F’&’-’%& 1t h&ﬁaﬁ%%ﬁ?oﬁ%@ﬁ%ﬂ?nprtp%gﬁ nt t&rtboBi nent, but

{11 Sypul o Leparuatl o 020 | OLLI | S0 B MELLLRD Lestioeaud o
stoppi ng pegiad 1,LVQRyAY AR LEND-dgedfstem 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

15 as a multi-scene system stream containing the
adult-oriented system stream SSc and the child-
oriented system stream SSd arrayed to the multi-
scens period between common system streams SSb and
SSe.

20 The relationship between each of the
component titles and the system stream recorded to
the program chain PGC of a title stream thus
comprised is described below.

The adult-oriented title program chain

25 PGCl comprises in sequence the common system



25 April 2003 - 251 The difference between the input er_d tinmes to the
respective buffers of the audio and video data in the systenlsﬁg?ﬁpﬂéqps
defined as at nost the reproduction tinme of two audio frames in 'S

enbodi nent. However, if the video is encoded with variable bit rate (VBR)
coding and the video bit rate before the connection is reduced, the sane

ef fect can be achi eved even when the input start tinme of the video data to
the video buffer is 10 advanced. The difference between the input start
times to the respective buffers of thg,audio and video data in the system
streamis defined as at nost the reproduction tinme of two audio franes in
15 this enbodi nent. However, if the video is encoded with variable bit rate
(VBR) coding and the video, bit rate before the connection is reduced, the
sane effect can be achi eved even when the ir_put end time of the video data
to the video buffer is delayed. 20 The present enbodi nent is al so described

| ati i f i t di ffer. wh t em st
Sonncotod hibans MeaC AT e | P HaRgt el SRS RS [ oAl are
ffect i if dpif i : L. 2 2~~
e PRS2, L agR g e abe R, Bl RS S0 27
not | nducedchﬁlﬁanﬁr@%gtve:’&‘d'egit‘i'éjeﬁz%f‘ahts IRy 8% 1 BGOSR M1 Belhe

above enbodiment, if t
in sequence the common system streams SSa and SSb,

[¥]]

the child-oriented system stream S8Sd, and the

common system stream SSe.

To share system streams within titles
comprising multi-scene periods such as this, and to
divide the system stream as needed for authoring,

10 it is also necessary to be able to connect and
contiguously reproduce these system streams. When
system streams are connected-and contiguously
reproduced, however, pauses in the video
presentation (freezes) occur at the system stream

15 connections, and seamless reproduction presenting a
natural flow of a single title can be difficult to
achieve.

Data input/output to the video buffer 2600
of the DVD decoder DCD shown in Fig. 26 during

20 contiguous reproduction is shown in Fig. 41. In

Fig. 41, block Ga shows the data input/output to

the video buffer 2600 when encoded video stream Sva

and encoded video stream Svb are input to the DVD

decoder DCD. Block Gb shows the video packet

25 streams of enccded video stream Sva and encoded



5 data input bit rates differ in the connected system streans, the sane

ef fect can be achi eved by encoding the GOP to be noved at the 2§2§L 2&%
rate of the video data in the systemstreamto which the GOP i UE 1 0
The conpressed audi o and video streans are al so used for data novenent in
t he above enbodi nent, but the same effect can be achieved by first noving
the data at the pre-encoded material level. x5 Only one GOP is al so noved
in the above enbodi nent, but the same effect can be achieved by noving two
or nore, i.e., plural, GOP. It is therefore possible by neans of the
present invention thus described to r&p¥educe 20 system streans from
different programchains as a single contiguous title without intermttent
vi deo presentation (freezing) or intermttent audi o presentation (nuting)
when connecting and conti guously reproducing plural system streans from 25
a multimedia optical disk recorded with the video 25 April 2003 -253-
packets and audi o packets interleaved to a single systemstreamneetir_g
the fol |l owi ngldeadi s tarsam (8 he Bilfdekeme shtweenthlze inpaetrkeéartedi me
of the first video packet and the input start 5 tinme of the first audio
packet at tleybHEG@mnEhageANMEhE By saod sEream Netlesthatarblpekeptaduct i on
time of the nunber of audio franes that can be stored in the audio buffer
pl us one audR, f Pard, CanRIE EHTRREIA | raicewades? thes mameend time

the ond of (HENEyHARFS(h A (43 boBANGR o Féfioddcti on ¢ me of the
nunbey, of audio Trameorhngh 820 b LT LD Lea 1o Ao ulier hus one
cont AL, 1 LIy SESRE o/ Ranehiea 4 o AU gy SOy Salnclyr anchi o
connect, whener&by eaghd N€18¥® sva indicates the input rate to
the video buffer 2600. Where the video data volume
Vdv accumulated in the video buffer 2600 is shown
10 to decrease in block Ga therefore indicates data
consumption, i.e., that data has been output for
decoding.
Time Tl also indicates the input end time
of the last video packet V1 in the system stream
15 Sra (block Gc¢), time T3 indicates the input end
time of the last audio packet Al in system stream
Srb, and time Td indicates the first decode time of
encoded video stream Svb (block Ga).
Of the two system streams, the encoded
20 video stream Sva and the encoded audio stream Saa,
constituting system stream Sra, the encoded video
stream Sva is input to the video buffer 2600 before
the enccded audio stream Saa is input to the audio

buffer 2800 as described above. A series of audio



audio content is recorded to one or nore audio franmes at the begi nning of
each of the plural system streans connecting to said single sy?Fgg}fﬁ&ﬁgm
it is particularly possible to reproduce 25 plural scenario titles as
single r_atural titles 25 April 2003 _ 2 ~.~ _ wthout stopping the video
presentation (video freezing) at the system stream connecti on when
connecting and contiguously reproducing the systemstreans. 5 Using a
mul ti media optical disk recorded with a system stream containing plura
scenari o connections, i.e., plural system streans connecting to a single
system stream foll owi ng thereafter, wh¥t e at |east the same video content
is recorded 10 to one or nore video frames at the beginning of each of the
plural system streans connecting to said single systemstreamend of each
of the plural system streans connecting to said single system stream or

begi nni ng of the single systemstream 15 connecting to the plural system
streans, it is particularly possible to reproduce plural scenario titles as
si ngl e nat urcs.ckiatl s Anitheve i oppimamahasi dto titesemdt®én (e deo
freezing) at the system stream connecti on when connecting and ?0

cont i guous| FY@pEiueEME3dReSHAt em streans. Video or audi o buffer
underfl ow states at syst n1strean1c9£nections, intermttent %%deo

presentation (video freddtf SVSnt PMt%EﬁF%&@i§QN%§€H§§i6R( & o
a0 S LR he R (L Sl Pasd 4h i dseatg e,
5 capacity of the audio buffer 2800 are input
thereto. When this occurs, the next audic packet
cannot be buffered until an equivalent amount of
auvdio data is consumed, i.e., decoded.
The first video packet V2 in system stream
10 Srb therefore cannot be input to the video buffer
2600 until input of the last audio packet Al in the
system stream Sra is completed. As a result, video
stream input to the wvideo buffer 2600 cannot be
continued due to the interference from audio packet
15 Al during the period from T1, the input end time of
the last video packet V1 in system stream Sra, to
T3, the input end time of the last audio packet Al
in system stream Sra.
In the following example 1t is assumed
20 that the video bit rate of the DVD system is 8
Mbps, the video buffer capacity is 224 KB, the
audio buffer capacity is 4 KB, the audio data is

encoded with Dolby AC-3 compression, and the

compression bit rate is 384 Kbps. In AC-3 audio

9
W

compression, the reproduction time of one audio



times of different reproduction. paths can also be prevented by neans of a
DvD reproduction apparatus wherew th audi o reproduction gap inbg@gﬁ;b@ﬁ3is
recorded to the reproduction control information, 5 and said au
reproduction gap information is used by an audi o decoder controller to
start and stop audi o decoder operation appropriately. By inserting a tine
difference in the video and audi o reproduction tines of different 10
reproduction paths as an audi o reproduction gap in one system stream not
shared by different progranlchains,_qquIens created by system stream
connections, i.e., across systemstreans, can be converted to a problem
contained within a single 15 systemstream It is therefore possible to
contain the audio reproduction gap information within the DSI packet of the
system stream thus witing both the audi o reproduction gap and the audio
reproduction gap information to a single system 20 stream and thereby
sinplifyingcthe dat, ucture. As a result,..the present _invent.i on

sinple to I‘gl}- y .l% ,Sgéhg}see,CSyﬁoe%Fasrpe%ﬂg.l%r?ﬁer%aégabeﬁélﬁ% %es :
audi o repro%cstéol%y%ﬁ%sza?%éa‘ Qe WL Ny 3 SIAN0kS g e AALhL! 2003 - 256 -

;. system Stream di"o T éproduction gap can gg’nnvegﬁﬁo any desirable

posi tion i nethoraysham br eam oAy aihetild alidis Begstlle to move the

audi o reproduction gap to a silent or ot her y 5 i nnocuous | ocati on.
I ndustrial Applicabli@edsuse aphar eimbeam &f neii®iocartk ameappanattls
according to the present invention for interleaving a bitstreamto record
the ifdterl eaead 18 Bisreeam hothe eauddi mgbuerfi &m del tew odute t he
recorded bitstreamtherefromis suitable for the application of an
aut hori ng sestehigisitchpoas igeher &tlama A8 t whichy iadi theg Znpt eend
constructed by bitstreans _carrying_various' information in

time of the last” audio packst Al in system stream

Sra, 1s at the (reproduction start time of the last
audio frame in system stream Sra) - (reproduction

10 time of two audio frames). The reproduction start
time of the last audio frame in system stream Sra
is also approximately one audio frame earlier than
the presentation start time of the first frame in
the encoded video stream Svb of system stream Srb.

15 The presentation start time of encoded video stream
Svb is at the video buffer verifier delay vbv_delay
plus one video frame after the input end time Tl of
the last wvideo packet V1 in system stream Sra.

Therefore, if 224 XB of video data is

20 buffered by the time video decoding starts, the
video buffer verifier delay vbv_delay is
approximately 219 msec. If NTSC video and AC-3
audio coding are used, one NTSC video frame is

approximately 33 msec, and one AC-3 audio frame is

o
(v

approximately 32 msec. Thus, there is approximately



15 accordance with the user's request, and is also suitable for a D gital
Vi deo Di sk System or DVD System bei ng devel oped recently. 255%”' i00%003
- 257 Wiat is clained is: 1. A nachine readable information reco dlng

medi um conprising: a first region having stored therein audio data of a
plurality of audio franmes in a formof at |east one audio streamthat is
mul tiplexed with at | east one video stream wherein each of the audio
frames have a predeterm ned duration and wherein the audio data is capable
of being decoded and presented; a seCﬁﬁg regi on having stored therein
managenent i nformation used for manag “a decoding and presentation of the
audi o data; wherein the presentation of the audio data is discontinuous
between at | east two of the audio frames for a period |less than a duration
of one audio frame; and wherein at |east one of said first and second

regi ons having stored therein audio gap informati on which indicates a start
time of the audio presentatiaon discontinuouiageriod and a duration of the

audi o presedt®®i B%aF sdont? Ao WS PEr itod3 32 ML Fnchi € FERIGDIe # nordmt i on
Cfored | SHRFEY TEROM GRSoR TR 198! LAE o Bdorat: Soiend A8E (AT
i s6ont | UGS FERAA 23 1k FUSHTE. CokaBle ThRobt Lo BN ngPdi um as
ol ur a1ty of S4Fa T odfs ThTh e Sraee Smfeii Ak A TR o
time gf a coyespaNding dafReblatkodRathveldssi duranal idynokfahathblneks

containing at |east one of the at |east two audio franmes between which the
present ati oirpbuthe @udie datdds Buscheti me0e; cAanding this
approximately 156 msec period.
Therefore, because all decode data dl is
not input to the video buffer 2600 at time Td, a
10 data underflow state occurs in the video buffer
2600. In such cases the video presentation is
intermitted, video freezing occurs, and correct
video presentation is interrupted.
Thus, when plural system streams are
15 connected and contiguously decoded to reproduce a
single contiguous sequence of scenes from plural
titles comprising a commonly shared system stream
and plural system streams containing content
discretely encoded for specific titles, video
20 freezing apparent as pauses in the video
presentation at system stream connections can
occur, and it is not always possible to seamlessly
reproduce such plural system streams as a single

contiguous title.



wherein said audio gap information indicates a tinme stanp of a data bl ock

i ncludi ng the audi o presentation di scontinuous period and the ggrz}ﬂéﬁbgﬁ

t he audi o presentation di sconti nuous peri od. 25 April 2003 - é 4. A
recording nmethod for recording audio data of a plurality of audio franes
each having a predeterm ned duration onto a nmachi ne readabl e i nformation
recording mediumincluding a first region and a second region, said nethod
conprising: recording the audi o data capabl e of being decoded and presented
inthe first region in formof at |east one audio streamthat is

mul tiplexed with at |east one video st$eamin such a manner that
presentation of the audio data is discontinuous between at |east two of the
audio frames for a period less than the duration of one audio frane;
recordi ng managenent information used for managi ng a decodi ng and the
presentation of the audio data in the second region; and recordi ng audio
gap informati on which indicates a start tinme of the audi o presentation

di sconti nuous period dfdea quiatiadn 4t fiferendi ospsesamt sthoaadiss 88 nuous
period in at | east one of the first region and the second region. 5. A
recor di ng m&mdd SE cRFERCNRAST Bef £OwWAsiRi GOSN aFy DE§ap §REGSML i on

SSe as shown in Fig. 40, a time difference occurs

between the video reproduction time and the audio

W

reproduction time because of the offset between the
audio and video frame reproduction times, and this
time difference varies according to the
reproduction path. As a result, buffer control
fails at the connection, video reproduction freezes
10 or the audio reproduction is muted, and seamless
reproduction is not possible.
This problem is considered below with
reference to Fig. 42 as it applies to the parental
lock control example shown in Fig. 40. In Fig. 42
15 SScv and SSca represent the reproduction times of
the video and audio frame unit streams in adult-
oriented system stream SSc. SSdv and SSda similarly
represent the reproduction times of the video and
audio frame unit streams in the child-oriented
20 system stream SSd.

As described above, 1f NTSC video and AC-3
audio coding are used, one NTSC video frame is
approximately 33 msec, and one AC-3 audio frame is
approximately 32 msec., and the audio and video

25 reproduction times therxefore do not match. As a



stored in said at | east one of said first and second regions is used to
suspend the decodi ng of the audio data during the audio pr esen&gkbﬂl\%oo:a

di scontinuous period. 6. A recording method as clained in claifm erei
the audio data is recorded in such a manner that the at |east one audio
streamcontains a plurality of data blocks with tinme stanps each indicating
a presentation tine of a correspondi ng data bl ock, each of said plurality
of data bl ocks containing at |east one of the at Ileast two audio franes

bet ween which the presentation of tHe 1%t 0 data is disconti nuous; and
wherein said audio gap information is recorded to indicate a tine stanp of
a data bl ock including the audio presenfation discontinuous period and the
duration of the audio presentation discontinuous period.
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stream and the audio stream occurs when these two
streams SSd and SSe are connected. When the
reﬁroduction paths to the common system streams

10 differ before the connection point as shown in Fig.
43, it is possible to adjust the reproduction start
times of the connected common audio and video
streams to the reproduction start time difference
of at least one reproduction path. As shown in this

15 figure, the audio and video end times of the adult-
oriented system stream SSc are the same as the
audio and video start times of the common system
stream SSe, i.e., a gap-less connection is
achieved. Note that in this example the gap Td of

20 the child-oriented system stream SSd is less than
the gap Tc of the adult-oriented system stream SSc
(Td < Tc).

The one program chain PGC1l, i.e., adult-

oriented system stream SSc and common system stream

9
h

SSe, 1s thus reproduced without a reproduction gap,
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reproducticn, and audio reproduction is therefore
contiguous.

The common system stream SSe is encoded so
that the audio is reproduced, i.e., decoded, at a

delay of Tc to the video. As a result, when the

(91

audio is reproduced, i.e., decoded, so that there
is no audio reproduction gap Tc - Td, audio
decoding is accomplished before the audio data is
completely input to the audio buffer, and a data

10 underflow state results in the audio buffer as
shown by line Lu in Fig. 43.

When the audio reproduction is contiguous
and a reproduction gap is inserted between video
frames, a data underflow state occurs in the wvideo

15 buffer due to video stream reproduction, similarly
to video stream reproduction being interrupted as
shown in Fig. 41.

As thus described, when plural difference

system streams and one common system stream are

20 connected, a difference occurs between the video
reproduction time and the audio reproduction time
of the respective paths due to the offset in the
audio and video frame reproduction times.

The present invention therefore provides a

recording method and apparatus and a reproduction

[ ]
[V
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method and apparatus whereby a video or audio
buffer underflow state is prevented at the system
stream connections, and seamless reproduction in
which pauses in the video reproduction (freezes) or

5 pauses in the audio reproduction (muting) do not
occur.

A method of connecting a single common
system stream to the plural system streams
contained in the multi-scene period of a title

10 stream as shown in Fig. 40 is described below
according to the present invention. The physical
structure of the optical disk M, the overall data
structure of the optical disk M, and the structures
of the DVD encoder ECD and DVD decoder DCD in this

15 embodiment are as previously described with
reference to Figs. 4 - 14, Figs. 1,16 - 20,22,
Figs. 25,27 - 29, and Figs. 26 above, and further
description thereof is thus omitted below.

There are two data transfer models under

20 the MPEG standard: constant bit rate (CBR) whereby
data is transferred continuously without
interruptions, and variable bit rate (VBR) whereby
data is transferred intermittently with

interruptions in the transfer. For simplicity, the
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model only.
Referring first to Figs. 44, 45, and 46, a

simple one-to-one system stream connection between

W

first and second common system strsams SSa and SSb
is described first. For simplicity the following
description is restricted to operation using one
video stream SSav and one audio stream SSba.
The system streams prcduced according to
10 the present invention are shown in Fig. 44, the
operation whereby these system streams are
connected is shown in Fig. 45, and the method of
generating the system streams is shown in Fig. 46.
The structure of the tail of the leading
15 common system stream SSa, and the head of the
following common system stream SSb, recorded to the
optical disk M are shown in Fig. 44.
In Fig. 44 are shown the structure of the
end of the preceding common system stream SSa and
20 the common system stream SSb following thereafter.
Note that both system streams SSa and SSb are
recorded to the optical disk M.
The fifth row block Ge shows the structure

of both system streams SSa and SSpb. The first

J
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common system stream SSa comprises video stream
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SSbv and audio stream SSba.
The fourth row Gd shows the audio packet

streams A of audio stream SSaa and audio stream

h

SSba extracted from system stream SSa  and system
stream SSb.

The third row Gc shows the data
input/output state of the audio buffer 2800 when

10 audio stream SSaa and audio stream SSba are input
to the DVD decoder DCD shown in Fig. 26.

The second row Gb shows the video packet
streams V of video stream SSav and video stream
SSbv extracted from system stream SSa and system

15 stream SSb.

The first row Ga shows the data
input/output state of the video buffer 2600 when
video stream SSav and video stream SSbv are input
to the DVD decoder DCD shown in Fig. 26.

20 Note that Ga, Gb, Gc, Gd, and Ge are all
referenced to the same time-base (direction T).

Tvae in Fig. 44 is the input end time of
the video stream SSav to the video buffer 2600, and
Taae is the input end time of the audio stream SSaa

25 to the audio buffer 2800.
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decoder DCD, the difference between the input end

times Tvae and Taae of the wvideo stream SSav and

audio stream SSaa to the respective buffers 2600

9]}

and 2800 is small, and is less than the

reproduction time of two audio frames. As a result,

the last audio packet A can be accumulated in the
audio buffer 2800 before input of the audio and
video streams in the next system stream starts.

10 Likewise, when system stream SSb is input
to the DVD decoder DCD, the difference between the
input start times of the video stream SSbv and
audio stream SSba to the respective buffers 2600
and 2800 is small, and is less than the

15 reproduction time of two audio frames.

The data input/ocutput state to the video
buffer 2600 when system streams SSa and SSb (Fig.
44) stored to the optical disk M are connected and
contiguously reproduced.

20 The top row in Fig. 45 shows the data

input/output state of the video buffer 2600 when

video stream SSav and video stream SSbv are input
continuously to the DVD decoder DCD.
As in Fig. 39, Fig. 41, and Fig. 44, the

vertical axis Vdv indicates the accumulated video

8]
W
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horizontal axis indicates time T. Lines SSav and
SSbv indicate the change in the video data volume

vVdv accumulated in the video buffer 2600, and the

slopes of the lines indicate the input rate to the

(¥}

video buffer 2600. Where the accumulated video
data volume Vdv in the video buffer 2600 drops
indicates data consumption, i.e., that decoding has
occurred.

10 The second row shows the video packet
streams in the video streams SSav and SSbv shown in
Fig. 26..

The third row shows the system streams SSa
and SSb according to the present embodiment. Time

15 Tl is the input end time of the last video packet
V1 in system stream SSa, time T2 indicates the
input start time of the first v] V2 in system
stream SSb, and time T indicates the decoding start
time of system stream SSb.

20 The difference between the input end times
to the video buffer 2600 and audio buffer 2800 of
the video stream SSav and the audio stream SSaa
forming the system stream SSa of the present

embodiment is reduced by the system stream

(8]
(9]

production method shown in .Fig. 46. As a result,
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interference with the input of system stream SSb
resulting frem a succession of remaining audio
packets A at the end of system stream SSa does not
occur. The difference between the input end time T1

of the first video packet V1 of system stream SSa

(7 ]

and the input start time T2 of the first video
packet V2 in system stream SSb is small, thers is
sufficient time from the input start time T2 of
video packet V2 to the first decode time Td of the

10 video stream SSbv, and the wvideo buffer 2600
therefore does not underflow at time Td.

Unlike with the system stream shown in
Fig. 41, the audio buffer 2800 therefore does not
overflow at the end of the system stream, i.e.,

15 there is no interference with inputting the encoded
video stream of the next system stream, when
connecting and contiguously reproducing system
streams SSa and SSb according to the present
embodiment, and seamless reproduction can be

20 achieved.

A first method of producing a first common
system stream SSa and a second common system stream
SSb connected thereafter i1s described below with
reference to Fig. 46. Note that as in Fig. 44, the

structure of the tail of the leading common system

(]
(¥}
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stream SSa, and the head of the following common
system stream SSb, recorded to the optical disk M
are shown in Fig. 46.

The first row in Fig. 46 corresponds to

block Ga in Fig. 44, and simulates the data

hh

input/output of video stream SSav and video stream
SSbv to the video buffer 2600. Time T1 is the input
end time of all data in the video stream SSav.

The second row similarly corresponds to

10 block Gb in Fig. 44, and shows the video data
packet stream.

The third row similarly corresponds to
block Gec in Fig. 44, and simulates the data
input/output of audio stream SSaa and audio stream

15 SSba to the audio buffer 2800.

The fourth row similarly correspcends to
block Gd in Fig. 44, and shows the audio data
packet stream.

The fifth row similarly corresponds to

20 block Ge in Fig. 44, and shows the system stream
resulting from interleaving and packing the wvideo
packets V shown in the second row and the audio
packets A shown in the fourth row. The video
packets and audio packets are interleaved in a FIFO

25 manner from the video and audio buffers referenced
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In other words, the packed data is multiplexad
raferenced to the time the data contained in the
pack is input to the video or audio buffer.

The method of generating the first common

wn

system stream and the following second common
system stream is described next.
It is assumed below that the video bit
rate 1s 8 Mbps, the video buffer capacity is 224
10 KB, the audio buffer capacity is 4 KB, the audio
data is encoded with Dolby AC-3 compression, and
the compression bit rate is 384 Kbps. In AC-3
audio compression, the reproduction time of one
audio frame is 32 msec, corresponding to a data
15 size of 1536 bytes/frame, and two audio frames can
therefore be stored in the audio buffer.
Referenced to the inoput end time Tl of the
video stream SSav to the video buffer 2600, the
audio frame data following the current audio frame
20 is moved to the audio stream SSba at time Tl to
accumulate one audio frame in the audio buffer.
This operation is described in detail below
referring to the simulation results shown in row 3

of Fig. 46.
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Specifically, two audic frames (= 1538

bytes) from the encoded audioc stream SSaa are
accumulated in the audio buffer (4 KB capacity) at
time T1l, and the third to sixth audio frames

following thereafter, indicated by frame Ma in Fig.

17/

46, are moved to the beginning of the following
encoded audio stream SSba. Note that the encoded
audio stream is moved in audioc frame units because
the audio frame is the unit of reproduction.

10 Following the above operation, the encoded
video stream SSav is packetized as shown in row 2
in Fig. 46, and the encoded audio stream SSaa is
packetized as shown in row 4. As shown in row 5,
the video packets V and audio packets A are then

15 interleaved (multiplexed) to maintain an average
distribution of audio packets to video packets in
the FIFO sequence described above referenced to the
packet input times to the buffers 2600 and 2800.
After packing and converting to a system stream,

20 the data is then recorded to the optical disk.

In the same manner the encoded video
stream SSbv i1s packetized as shown in row 2 in Fig.
46, and the encoded audio stream SSba is packetized

as shown in row 4. As shown in row 5, the video

I3
[¥ ]

packets V and audio packets A are then interleaved
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(multiplexad) to maintain an average distribution
of audio packets to video packets in the FIFO
sequence described above referenced to the packet
input times to the buifers 2600 and 2800. After

packing and converting to a system stream, the data

(9]

is then recorded to the optical disk.

The resulting system streams SSa and SSb
are thus structured as shown in Fig. 44, enabling
seamless reproduction by the DVD decoder DCD shown

10 in Fig. 26.

Because two audio frames can be
accumulated in the audio buffer, the last audio
frame in the system stream SSa stored in the audio
buffer at time Tl is transferred as the last audio

15 packet in system stream SSa during the two-frame
reproduction time before decoding said last audio
frame begins. The maximum input end time difference
between the video packets and audio packets at the
end of the system stream SSa is therefore the

20 reproduction time of two audio frames.

Furthermore, the audio buffer will not
underflow 1f the next audio data is input to the
audio buffer before the presentation end time of
the audio frames accumulated in the audio buffer as

25 of time T2. The input time of the first audio
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packet in system stream SSb is therefore at latest
within the reproduction time of two audio frames
after time T2 (= the presentation time of the
accumulated audio frames + the reproduction time of

5 one audio frame). Therefore the maximum input start
time difference between the video packets and audio
packets at the beginning of system stream SSb is
the reproduction time of two audio frames.

A second method of producing the system

10 stream recorded to an optical disk according to the
present embodiment is described next below with
-reference to Fig. 47. The first, second, third,
fourth, and fifth rows in Fig. 47 simulate the
video and audio data input/output states to the

15 respective buffers referenced to the same time-base
T as shown 1in Fig. 44.

The first row in Fig. 47 corresponds to
block Ga in Fig. 44, and simulates the data
input/output of video stream SSav and video stream

20 SSbv to the video buffer 2600.

The second row similarly corresponds to
block Gb in Fig. 44, and shows the video data
packet stream.

The third row similarly corresponds to

block Gc in Fig. 44, and simulates the data

9
W
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input/output of audio stream SSaa and audio stream
SsSha to the audio buffer 2800.

The fourth row similarly corresponds to
block Gd in Fig. 44, and shows the audioc data

packet stream.

(¥ ]

The fifth row similarly corresponds to
block Ge in Fig. 44, and shows the.system stream
resulting from interleaving and packing the video
packets V shown in the second row and the audio

10 packets A shown in the fourth row. The video
packets and audio packets are interleaved in a FIFO
manner from the video and audio buffers referenced
to the packet input time to the respective buffer.
In other words, the packed data is multiplexed

15 referenced to the time the data contained in the
pack i1s input to the video or audio buffer. The
first common system stream SSa and the second
common system stream SSb following thereafter can
be produced using the first method described above

20 with reference to Fig. 46.

A different method for generating the
first common system stream SSa and the second
common system stream SSb following thereafter,

i.e., a method different from that described with
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reference to Fig. 46, is described below with
reference to Fig. 47.

In the first method described above, part
of the encoded audio stream from the preceding

system strzam is moved to the following system

(¥ ]}

stream. This second method, however, is
characterized by moving part of the enccded video
and audio streams from the following system stream.
This second method is particularly effective when

10 the preceding scene (system stream) i1s a scene from
a multi-scene period, i.e., when moving from one of
plural scenes (system streams) to the encoded
system stream of a single scene is extremely
difficult.

15 With this method the first GOP in video
stream SSbv is moved to video stream SSav. The one
GOP moved from video stream SSbv is connected to
video stream SSav to assure time-base contiguity at
the end of video stream SSav. At the second GOP

20 from the beginning of video stream SSbv, i.e., the
second GOP counted from the beginning of video
stream SSbv including the first GOP already moved,
referenced to the input start time T2 of the data

decoded first, the audio data of one audio frame is
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moved to the audio stream SSaa to accumulate one
audio frame in the audio buffer.
The one audio frame of data moved from

audio stream SSba is then connected to audio stream

7]

SSaa to assure time-base contiguity at the end of
audio stream SSaa.

The video data is moved in GOP units
because the GOP is the unit of video data
reproduction. Audio data is likewise moved in audio
10 frame units because the audio frame is the unit of

audio frame reproduction.
Following the above operation, the encoded
video stream SSav is packetized as shown in row 2
in Fig. 47, and the encoded audio stream SSaa is
15 packetized as shown in row 4. As shown in row 5,
the video packets V and audio packets A are then
interleaved (multiplexed) to maintain an average
distribution of audio packets to video packets in
the FIFO sequance described above referenced to the
20 packet input times to the buffers 2600 and 2800.
After packing and converting to a system stream,
the data is then recorded to the optical disk.
In the same manner the encoded video

stream SSbv is packetized as shown in row 2 in Fig.

(8]
h

47, and the encoded audio stream SSba is packetized
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as shown in row 4. As shown in row 5, the wvideo
packets V and audio packets A are then interleaved
(multiplexed) to maintain an average distribution

of audio packets to video packets in the FIFO

U

sequence described above referenced to the packet
input times to the buffers 2600 and 2800. After
packing and converting to a system-stream, the data
is then recorded to the optical disk.
The resulting system streams SSa and SSb
10 are thus structured as shown in Fig. 39, enabling
seamless reproduction by the DVD decoder DCD shown
in Fig. 26.
Because two audio frames can be
accumulated in the audio buffer, the last audio
15 frame in the system stream SSa stored in the audio
buffer at time Tl is transferred as the last audio
packet in system stream SSa during the two-frame
reproduction time before decoding said last audio
frame begins. The maximum input end time difference
20 between the video packets and audio packets at the
end of the system stream SSa is therefore the
reproduction time of two audio frames.
Furthermore, the audio buffer will not

underflow if the next audio data is input to the

(9]
W

audio buffer before the presentation end time of
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the audio frames accumulated in the audio buffer as
of time T2. The input time of the first audio
packet in system stream SSb is therefore at latest

within the reproduction time of twe audio frames

h

after time T2 (= the presentation time of the

accumulated audio frames + the reproduction time of

one audio frame). Therefore the maximum input start
time difference between the video packets and audio
packets at the beginning of system stream SSb is

10 the reproduction time of two audio frames.

The next embodiment relates to connecting
the system stream branches obtained by means of the
system encoder according to the preferred
embodiment of the present invention.

15 The physical structure of the optical
disk, the overall data structure of the optical
disk, and the DVD decodexr DCD in the present
embodiment are as described above, and further
description thereof is thus omitted below.

20 Note that the description of the present

embodiment below is limited to a single encoded

video stream and a single encocded audio stream for
simplicity.
Fig. 48 shows the structure of the end of

the second common system stream SSb, and the

[}
W
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beginnings of the two parental lock control system
streams SSc and SSd that can be connected to the
end of common system stream SSb. Note that the
common system stream SSb and cne of the two

5 parental lock control system streams SSc and SSd
are arrayed to the same time-base (horizontal time
axis T) as shown in Fig. 46.

System streams SSb, SSc, and SSd shown as
separate blocks in Fig. 48 represent the following

10 content as in Fig. 46.

The fifth row in each block shows the
structure of system streams SSb, SSc, and SSsd.
System stream SSb comprises video stream SSbv and
audio stream SSba; system stream SSc similarly

15 comprises video stream SScv and audioc stream SSca;
and system stream SSd similarly comprises video
stream SSdv and audio stream SSda.

The fourth rows show the audio packet
streams A of audio stream SSba, audio stream SSca

20 and audio stream SSda extracted from system streams
SSb, SSc, and ssd.

The third rows show the data input/ocutput
state of the audio buffer 2800 when audio stream
SSba, audio stream SSca and audio stream SSda are

25 input to a DVD decoder DCD shown in Fig. 26.
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The second rows show the video packet
streams V of video stream SSbv, video stream SScv,
and video stream SSdv extracted from system streams
SSb, SSc, and Ss&sd.

5 The first rows show the data input/output
state of the video buffer 2600 when vidso stream
SSbv, video stream SScv, and video stream SSdv are
input to a DVD decoder DCD.

The audio content of the first several

10 audio frames in audio stream SSca and audio stream
SSda at the beginning of system stream SSc and
system stream SSd is the same.

When system stream SSb is input to the DVD
decoder DCD, the difference between the input end

15 times of the video stream SSbv and audio stream
SSba to the respective buffers 2600 and 2800 is
small, and at most is less than the reproduction
time of two audio frames.

When system stream SSc is input to the DVD

20 decoder DCD, the difference between the input end
times of the video stream SScv and audio stream
SSca to the respective buffers 2600 and 2800 is
small, and at most is less than the reproduction

time of two audio frames.
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decoder DCD, the difference between the input end
times of the video stream SSdv and audio stream
SSda to the respective buffers 2600 and 2800 is

small, and at meost 1s less than the reproduction

¥ 1}

time of two audio frames.

The data input/output state of the video
buffer 2600 when system stream SSb is connected to
and contiguously reproduced with system stream SSc

10 or system stream SSd is the same as shown in Fig.
44. Specifically, system stream SSa in Fig. 44
corresponds to system stream SSb in Fig. 48, and
system stream SSb in Fig. 44 corresponds to either
system stream SSc or system stream| SSd in Fig. 48.

15 When system stream SSb and system stream
SSd or system stream SSc in Fig. 4B are
contiguously reproduced using the PVD decoder DCD
shown in Fig. 26, the video buffer also does not
overflow as dascribed above with reference to Fig.

20 44. As a result, seamless reproduction can be
achieved when system stream SSb is| connected and
contiguously reproduced with system stream SSc or

system stream SSd.
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Note also that system streams SSb, SSc,
and SSd are produced using the methed described
with reference to Fig. 458.

The data structure of system streams SSb,
SSc, and SSd produced according to the method shown
in Fig. 46 is shown in Fig. 48, and seamless
reproduction can therefore be achieved using the
DVD decoder DCD shown in Fig. 26.

As described with reference to audio frame
movement Fig. 46, the maximum input end time
difference between the wvideo packets and audio
packets at the end of the system stream SSb is at
most the reproduction time of two audio frames, and
the maximum input start time difference between the
video packets and audio packets at the beginning of
system stream SSc or SSd is at most the
reproduction time of two audio frames.

When the audio frame moved from audio
stream SSba is connected to destination audio
streams SSca and SSda, an audio reproduction stop,
i.e., an audio reproduction gap, is provided when
making the connection. As a result, the differences
in the video reproduction time and the audio
reproduction time of each reproduction path can be

corrected based on the reproduction gap information

10c

& ()-'-1(9-&10%\ & ()-'-!9-&10%

10H
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audio reproduction time difference can be prevented
from affecting the process connecting preceding and

following system streams.

W

Fig. 49 is used to describe the difference
in the video reproduction time and audio
reproduction time of different reproduction paths
according to the present embodiment. In Fig. 49,

10 time Tb represents the time difference between the
audio and video reproduction end times at the end
of the system stream common to the adult-oriented
title and the child-oriented title before moving
the audio data; time Tc is the time difference

15 between the audio and video reproduction start
times at the beginning cf the adult-oriented title
before audio data movement; and time Td is the time
difference between the audio and video reproduction
start times at the beginning of the child-oriented

20 title before audio data movement.

It is possible to match the time
difference between the audio and video reproduction
start times cf at least one of the plural different

reproduction paths following the branch to the time

5
(V3

difference of the audioc and video reproduction end
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times before the branch. Note that it i1s assumed in
the following description that Tb = Tc, and Tb <
Td.

Because Tb = Tc in the adult-oriented

title after the branch, the audio frame moved from

(7]

the common part of the adult-oriented and child-
oriented title streams can be connected to the
beginning of the adult-oriented title without an
audio reproduction gap.

10 To enable seamless reproduction between
system stream SSb and system stream SSc at the
connection, the system streams are generated using
the first system stream encoding method described
above with reference to moving audio data from one

15 system stream SSb to another system stream SSc.

The method of producing the system streams
is the same as that described above with reference
to Fig. 46 except that system streams SSa and SSb
are replaced by system streams SSb and SSc in Fig.

20 49, and further description thereof is thus omitted
below.

Because Tb <« Td in the child-oriented
title after the branch, the audio frame moved from
the common part of the adult-oriented and child-

25 oriented title streams can be connected to the



1'G'10%& ()-!10%& ()- FUO0Y%E& ()- f4"10%& ()-Z10%& () -

109%6&' () - pLgr Cr prrsaBbCO5! 25 April 2003
110'109%& ()-f,4"109 & () -*z10%& () - (nmd0%& () -
L!3"10%& ()- ! $109%65& ()-s;ssst ttttxnbCO5! 1!#-10%& ()- 105 105 105, ;
&$109%6& ()-L910%& ()-3

"109%%& ()-1y#10%& ()-t#tt uvvRwmzX6nbCQ05! ! - &10%b5& ()-@!-&10%A 1 & ()- @
-&10%%5& ()-@!'-&10% . & ()-@!-&10%& () - @
@RO%&'()-FMGMKXXXXXXX~_@D5!!S—lO@ﬁ&f(;-#y,lO@ﬁ&f()- 105 105 10529%409%B& () -
1 2940%5& () - &OlO%S&f()-XyIzZ{{{lmMB~£kD5!!&r&lO%&f()-

+&10% & () - ! #&S&L0W " & () -! &S&LO0YE* & () - ! &S&LO0YG6& () -! &S&LOW " & ()-|}F} GH
FITWA\}}~ =05!11-&I10% {& ()-+@0%& ()-#, 10%& ()- 10 10 10& &109&' () -

beginning of the child-oriented title stream with
an audio reproduction gap of only Td - Tb.

To enable seamless reproduction between
system stream SSb and system stream SSd at the

connection, the system streams are generated using

W

the first system stream encoding method described

above with reference to moving audio data from one

system stream SSb to another system stream SS4d.
The method of producing the system streams

10 is the same as that described above with reference
to Fig. 46 except that system streams SSa and SSb
are replaced by system streams SSb and SSd in Fig.
49, and further description thereof is thus omitted
below.

15 Note that packetizing in this case is
controlled so that the audio frames before and
after the audio reproduction gap are not included
in the same packet. As a result, it is possible to
write the audio playback starting time information

20 APTS (the audio frame reproduction start time
including the audio reproduction pause time) of the
audio frames before and after the audio
reproduction gap into the system stream.

The packet containing the audio frame

25 immediately preceding the audioc reproduction gap is
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of necessity small. During the packing process a
padding packet is therefore used to produce a
fixed-length pack of 2048 bytes/pack.

The audio reproduction gap information for

the audio reproduction gap of system stream SSd in

W

this embodiment is inserted to the system stream by
writing the audio frame reproduction end time
immediately before the audio reproducticn gap of
the child-oriented title to the audio reproduction

10 stopping time 1 (VOB_A STP PTM1) in the navigation
pack NV (Fig. 20), and writing the audio
reproduction gap time Td - Tb to the audio
reproduction stopping period 1 (VOB _A GAP_ LEN1l) in
the DSI packet.

15 When there is no audio reproduction gap,
it is possible to determine that there is no audio
reproduction gap by writing a 0 value to the audio
reproduction stopping time 1 (VOB _A STP_PTM1).

By means of the above process, it is

20 possible to set the time difference between the
different audio and video reproduction times of
different reproduction paths to the audio
reproduction gap of the system streams not shared

by different program chains PGC.
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relating to the audio reproduction gap to the
reproduction ccntrol information contained in the
navigation packs NV, the audio reproduction gap and

5 the information relating to the audio reproduction
gap can all be contained within a single system
stream. .

Furthermore, by containing the audio
reproduction gap and the information relating to

10 the audio reproduction gap within a single system

stream, it 1is possible to move the audio
reproduction gap within the system stream. It is
therefore possible to move the audio reproduction
gap to a silent space or other place where least

15 audibly perceptible, and thereby achieve a more

seamless reproduction.

The internal structure of the system
encoder S00 in the DVD encoder ECD shown in Fig. 25
1s shown in detail in the block diagram in Fig. 50.

20 Note that the system encoder 900 generates the

system streams.

As shown in Fig. 50, the system encoder
900 comprises an elementary stream bufifer 3301 for
temporarily storing the video, sub-picture, and

audio data; a video analyzer 3302 for simulating

(&%)
/]
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the video buffer state; a sub-picture analyzer 3308
for simulating the sub-picture buffer state; an
audio analyzer 3303 for simulating the audio buffer
state; a movement calculator 3304 for calculating

the number of audic frames to move; a packet

h

producer 3305 for packetizing the wvideo data, audio
data, and sub-picture data; a multiplexer 3306 for
determining the packet arrangement; and a pack
producer 3307 for packing the packets to produce

10 the system stream.

The elementary stream buffer 3301 is
connected to the video stream buffer 400, sub-
picture stream buffer 600, and audio stream buffer
800 shown in Fig. 26, and temporarily stores the

15 elementary streams. The elementary stream buffer

3301 is also connected to the packet producer 3305.

The video analyzer 3302 is connected to
the video strxream buffer 400, thus receivas the
encoded video strszam St27, simulates the video

20 buffer state, and supplies the simulation result to
the movement calculator 3304 and multiplexer 2306.

The audio analyzer 3303 is likewise

connected to the audio stream buffer 800, thus

receives the encoded audio stream St£31, simulates
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the audio buffer state, and supplies the simulation
result to the movement calculator 3304 and
multiplexer 3306.

The sub-picture analyzer 3308 is likewise

connected to the sub-picture stream buffer 600,

W

thus receives the encoded sub-picture stream St29,
simulates the sub-picture buffer state, and
supplies the simulation result to the movement
calculator 3304 and multiplexer 3306.

10 Based on the simulated buffer states, the
movement calculator 3304 calculates the audio
movement (number of audio frames) and the audio
reproduction gap information, and supplies the
calculation results to the packet producer 3305 and

15 multiplexer 3306. More specifically, the movement
calculator 3304 calculates the audio data movement
MFApl from the preceding scene, the audio data
movement MFAp2 to the preceding scene, the movement
MGVp ©of 1 GOP of video data to the preceding scene,

20 the movement MGV of 1 GOP of video data from the
following scene, the movement MFALfl of audio data
to the following scene, and the movement MFAf2 of
audio data from the following scene.

The packet producer 3305 produces the

video, sub-picture, and audio packets from the

[39)
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video data, sub-picture data, and audio data
stored in the elementary stream buifer 3301
according to the audio movement calculated by the
movement calculator 3304. The packet producer 3305

also produces the reprecduction contxol information,

(V)

i.e., the navigation packs NV. The audio
reproduction gap information is also written to the
navigation packs NV at this time.

Based on the audio reproduction gap

10 information and the video and audio buffer state
information simulated by the video analyzer 3302
and audio analyzer 3303, the multiplexex 3306
rearranges, i.e., multiplexes, the video packets,
audio packets, and navigation packs NV. The

15 movament calculator 3304 also performs based on the
audio reproduction gap information.

The pack producer 3307 then packs the
packets, adds the system header, and produces the
system stream.

20 Note that the operation of the system
encoder 900 is described in detail below with
reference to Fig. 53.

The present embodiment relates to
connecting system streams by coupling. The next

embodiment relates to connecting system streams at

19
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the trailing end of a multi-scene period, i.e.,

connecting one of plural preceding system streams

to the common system stream following thereafter.
The physical structure of the optical

disk, the overall data structure of the optical

W

disk, and the DVD decoder DCD in the present
embodiment are as described above, and further
description thereof is thus omitted below.
Note that the description of the present
10 embodiment below is limited to a single encoded
video stream and a single encoded audio stream for
simplicity.
Fig. 51 shows the structure of the end of
the two parental lock contrel system streams SSc
15 and SSd, and the beginning of the following common
system stream SSe that can be connected to either
of the preceding parental lock control system
streams SSc and SSd. Note that this figure is
basically the same as Fig. 48 in which the parental
20 lock control system streams are the following
system streams.
Note that the one of the two parental lock
control system streams SSc and SSd and the common
system stream SSe are arrayed to the same time-base

(horizontal time axis T) as shown in Fig. S1.

2
[¥ 43



10 10- &10%& () - - OOMI3b@ 1! & S&L0% " & ()-4"! & S&LOY& ()-4"! & S&10%
- & ()-4"18& S&10% " & ()-4"1 & S&L0Y%& ()-4"! SYL0%M M & () - 2H JKY2Skpril 2003

1! & S&LOY3"109& ()- YM 109& ()- &&LOY& ()-#@.0% ()- 10" 10"

10" &, S&10% & ()-4"/E>}[9bC 1111 &109%& ()- "!L &L0%& ()- "!L &10%=& () -

"IL &L0YRRE ()- "10%& ()-YG 10%&' ()-.rS1 ! @L0%& ()-: - 10%4& () - #S- 10%4& () -
10 10 10'L  &109%& ()- "!'L &10%g& ()- "[ S2] wX6r Si

Il @109 ()-:- @L0% ()-:-! @BIO% ()-:-!$@I0%HE ()-:-! @LO% ()-:-!4@&10%
& ()-:-MNOPM 1 = 111 @10%y& ()-! @LO%HE () - 10%4& () - #@ 10%4& ()- 10 10
10@L0%& ()-:- yW8_ = Il 1940% ()-M>TYA0% ()-M @L0% ()-! @10%

& ()-! @10%&' ()- @10%& ()-hC

10

System streams SSc, SSd, and SSe shown as
separate blocks in Fig. 51 represent the following
content as in Fig. 46.

The fifth row in each block shows the
structure of system streams SSc, S$S5d, and SSe.
System stream SSc comprises video stream SScv and
audio stream SSca; system stream ssd similarly
comprises video stream SSdv and audio stream SSda;
and system stream SSe comprises video stream SSev
and audio stream SSea.

The fourth rows show the audio packet
streams A of audio stream SSca, éﬁdio stream SSda,
and audio stream SSea, extracted from system
streams SSc, SSd, and SsSe.

The third rows show the data input/output
state of the audio buffer 2800 when audio stream
SSca, audio stream SSda, and audio stream SSea, are
input to the DVD decodexr DCD.

The second rows show the video packet
streams V of video stream SScv, video stream SSdv,
and video stream SSev extracted from svstem streams
SSc, Ssd, and SSe.

The first rows show the data input/output

state of the video buffer 2600 when video stream
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SScv, video stream SSdv, and video stream SSev are
input to the DVD decoder DCD.

At the end of system streams SSc and SS&d4d,
the video content of at least the last GOP in each

video stream SSdv and SSev is the same.

4]

Likewise, the audio content of the last
several audio frames in audio streams SSca and SSda
at the end of system streams SSc and SSd is the
same.

10 When system stream SSc is input to the DVD
decoder DCD, the difference between the input end
times of the video stream SScv and audio stream
SSca to the respective kbuffers 2600 and 2800 1is
small, and at most is less than the reproduction

15 time of two audio frames.

When system stream SSd is input to the DVD
decoder DCD, the difference between the input end
times of the video stream SSdv and audio stream
SSda to the respective buffers 2600 and 2800 is

20 small, and at most is less than the reproduction
time of two audio frames.

When system stream SSe is input to the DVD
decoder DCD, the difference between the input end
times of the video stream SSev and audio stream

SSea to the respective buffers 2600 and 2800 is

(8]
w



10_LF. &10% n%40%iu& ()-, 10%0& ()-L 10%& ()- s10%& ()-#@L0%& ()- 10_
10_9ROW 2K@ 1098 10960% () - ! #109%00% () - ! #109& () -y! 1090% () - &26%pEl 2003
0A0%08 ()-! MVB?K@ 10 _! . - &10%008 () - @ . - &10%m& () - @ 10%08 () - +10%08’ () -

) $10%08 () -L' 3" 10%08& () - Mo@_!!. & 109XX& ()-:-10% & ()-#-10% & ()- 100 100
1009- 109%0% ()- 7! 10%0& () - ~WA) 3456yZCD90_ 10 10

10&( 109& ()-:-! & 109& ()-:-!1&(109%F& ()-:-! & 109%& ()-: -

) &(109%4& () -: - 6DL} [ 90D90 ! (T&L0% \ & F6-Z+! - TRL0%&' () - Z+! T&L0%&' () - Z+! T&LOYP
P& ()-Z+10% & () - #f @O0% & () - NuS10! , #10965& ()-!! 109& ()- 109B& () - #y- 1096&
()- 10LL 10LL 10LL! T&10%.L& ()-Z+z}[<uS10!" 109%6& () -

| f#109%& ()-!f#109%5& ()-!109%%& ()-!!109%5& ()-!10% ()- 5/ dBuS10! ! 1Y9409G5&
()-F /1096& ()-, "1096& ()-L*GLOYBE& ()-| (940BE& () -

small, and at most is less than the rsproduction
time of two audio frames.

The data input/output state of the video
buffer 2600 when system stream SSc or system stream

SSd is connected to and contiguously reproduced

V)

with system stream SSe is the same as shown in Fig.
44. Specifically, system stream SSa in Fig. 44

corresponds to either system stream SSc or system

stream SSd in Fig. 51, and system stream SSb in
10 Fig. 44 corresponds to system stream SSe in Fig.
51.

Seamless reproduction can thus be achieved
when system stream SSc or system stream SSd is
connected and contiguously reproduced with system

15 stream SSe.

Note also that system streams SSc, SSd,
and SSe are produced using the second method
described above with reference to Fig. 47. More
specifically, the system streams can be similarly

20 created by substituting system streams SSc and SSd
in Fig. 51 for system stream SSa in Fig. 47, and
substituting system stream SSe in Fig. 51 for
system stream SSb in Fig. 47. Tne method of
generating the system streams i1s as described above

with reference to Fig. 47.

9
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The data structure of system streams SSc,
SSd, and SSe produced according to the method shown
in Fig. 47 is shown in Fig. 51, and seamless

reproduction can therefore be achieved using the

DVD decoder DCD shown in Fig. 26.

U

As described with reference to audio frame
movement Fig. 46, the maximum input end time
difference between the video packets and audio
packets at the end of system streams SSc and SSd is

10 at most the reproduction time of two audio frames,
and the maximum input start time difference between
the video packets and-audio packets at the
beginning of system stream SSe is at most the
reproduction time of two audio frames.

15 By providing an audio reproduction stop,
i.e., an audio reproduction gap, when moving and
connecting audio frames from audic stream SSea to
destination audio streams SSca and SSda, the
differences in the video reproduction time and the

20 audio reproduction time of each reproduction path
can be contained within the system streams not
shared between different program chains PGC.

Fig. 52 1is used to describe the difference
in the video reproduction time and audio

reproduction time of different reproduction paths

3
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according to the present embodiment. In Fig. 52,
time Te represents the time difference between the
audio and video reproducticn start times at the
beginning of the adult-oriented title before audio

data movement; time Tc’ is the time difference

9]

between the audio and video reproduction end time
at the end of the adult-oriented title stream; and
time Td’ is the time difference between the audio
and video reproduction end times at the end of the

10 child-oriented title stream before movinc the audio
data.

It is possible to match the time
difference between the audio and video reproduction
end times of at least one of the plural different

15 reproduction paths before the connection with the
time difference of the audio and videc reproduction
start times following the connection. Note that it
is assumed in the following description that Te =
Tc’, and Te < T4d'.

20 Because Te = Tc¢’ in the adult-oriented
title before the connection, the audio frame moved
from the common part of the adult-oriented and
child-oriented title stresams can be connected to
the end of the child-oriented title stream without

an audio reproduction gap. A seamless stream is

[
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Because Td’ < Te in the child-oriented
title stream before the connection, the auvdio frame
5 moved from the common part of the adult-oriented
and child-oriented title streams can be connected
to the end of the child-oriented title stream with
an audio reproduction gap of ocnly Te - Td’.
To enable seamless reproduction between
10 system stream SSc and system stream SSd at the
connection with system stream SSe, the system
streams are generated using the second system
stream encoding method described above with
reference to moving the encoded video stream and
15 audio data from one system stream SSe to another
system stream SSc and SSd.

The method of producing the system streams
is the same as that described above with reference
to Fig. 47 except that system streams SSc and Ssd

20 in Fig. 51 are substituted for system stream SSa in
Fig. 47, and system stream SSe in Fig. 51 is
substituted for system stream SSb in Fig. 47, and
further description thereof is thus omitted below.

When producing these system streams, the

9
W

packets are generated so that the audio frames
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contained in the same packet. As a result, it is

possible to write the audio playback starting time
information APTS (the audio frame reproduction

start time including the audio reprcduction pause

v ]!

time) of the audio frames before and after the
audio reproduction gap into the system stream.
The packet containing the audio frame
immediately preceding the audio reproduction gap is
10 of necessity small. During the packing process a
padding packet is therefore used to produce a
fixed-length pack of 2048 bytes/pack.
The audio reproduction gap information for
the audio reproduction gap of system stream SSd in
15 this embodiment is inserted to the system stream by
writing the audic frame reproduction end time
immediately before the audio reproduction gap of
the child-criented title to the audio reproduction
stopping time 2 (VOB_A STP_PTM2) in the navigation
20 pack NV (Fig. 20), and writing the audio
reproduction gap time Te - Td' to the audio
reproduction stopping period 2 (VOB_A GAP LEN2) in
the DSI packet.
When there is no audioc reproduction gap,

25 it is possible to determine that there is no audio
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10 relating to the audio reprcduction gap to the
reproduction control information contained in the
navigation packs -NV, the audio reproduction gap and
the information relating to the audio reproduction
gap can all be contained within a single system

15 stream.

Furthermore, by containing the audio
reproduction gap and the information relating to
the audio reproduction gap within a single system
stream, it is possible to move the audio

20 reproduction gap within the system stream. It 1is
therefore possible to move the audio reproduction
gap to a silent space or other place where least
audibly perceptikle, achieve seamless data
reproduction not permitting the audio buffer to

underflow, and thereby achieve seamless
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system encoder 900 is as described above with
reference to Fig. 50, and further description
thareof is thus omitted below.

The process of producing the above
10 described system streams is described below with

reference to Fig. 53. Note that this process is
the system encoding subroutine shown as step #2200
of the system encoder flow chart shown in Fig. 34.

System encoder flow chart

15 The system encoding process 1is described
below with reference to Fig. 53.

At step #307002 the conditions for
connecting with the preceding scene are evaluated
based on the state of the preceding VOB seamless

20 connection flag VOB Fsb. If a non-seamless
connection with the preceding scene 1s specified,
i.e., VOB _Fsb _ 1, the procedure moves to step
#307010.
At step #307010 the movement calculator

3304 (Fig. 50) sets the audio data movement MFApDl
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the procedure moves to step #307014. Note that the
15 method of calculating the audio data movement MFApl
is described atfter this process with reference to
Fig. 54 below.
At step #307006 the movement MGVp of 1 GOP
of video data to the preceding scene is calculated,
20 and the procedure moves to step #307C08. If the
preceding scene is in a multi-scene period, it is
not possible to uniformly calculate the audioc data
movement MFApl as in step #307012. As a result, the

movement of one GOP of wvideo data from the
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Fig. 55 below.
At step #307014 the conditions for
10 connecting with the following scene are evaluated
based on the state of the following VOB seamless
connection flag VOB_Fsf. If a non-seamless
connection with the following scene is specified,
i.e., VOB_Fsf _ 1, the procedure moves to step
15 #307022. If a seamless connection with the
following scene is specified, i.e., VOB_Fsf = 1,
the procedure moves to step #307016.
At step #307022 the movement calculator
3304 (Fig. 50) sets the audio data movement MFApl
20 to the following scene to 0 based on the VOB_Fsb _
1 declaration. The procedure then moves to step
#307025.
At step #307016 it is determined whether
the following scene is in a multi-scene period

25 based on the multi-scene flag VOB Fp. If it is not,
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10 of video data from the following scene is
calculated, and the procedure moves to step
#307020.

At step #307020 the audio data movement
MFAp2 from the following scene is calculated, and

15 the procedure moves to step #307026. Note that the
method of calculating the audio data movement MFAf2
is the same as that used in step #307008.

At step #307026 the audio reproduction
stopping time 1 (VOB_A_STP_PTIM1) and the audio

20 reproduction stopping period 1 (VOB_A GAP_LEN1l) are
calculated from the audio and video end times of
the preceding scene. The procedure then moves to
step #307028.

At step #307028 the audio reproduction

stopping time 2 (VOB_A STP_PTM2) and the audio

[
th
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5 At step #307030 the audio data, including
the audio movement, is packetized, and the
procedure moves to step #307032.

At step #307032 the video data, including
the video movement, 1s packetized, and the

10 procedure moves to step #307034.

At step #307034 the navigation pack NV is
generated, the audio reproduction stopping time 1
(VOB_A_STP_PTM1) and the audio reproduction
stopping period 1 (VOB _A GAP_LEN1l), and the audio

15 reproduction stopping time 2 (VOB_A _STP_PTM2) and
the audio reproduction stopping period 2
(VOB_A _GAP_LEN2) are recorded, and the procedure
moves to step #307036.

At step #307036 the video packets V, audio

20 packets A, and navigation pack NV are multiplexed.

As described above, it is thus pocssible to
move audio and video data between scenes according
to the conditions for connections with the
preceding and following scenes, and generate the

system stream accordingly.

[38)
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The method of calculating the audio data
movement MFApl in step #307012 above is described

below with reference to Fig. 54.

In Fig. 54 video 1 is the video data at

the end of the preceding scene, with the video 1

W

line representing the change in video data
accumulation at the end of the preceding scene in
the video buffer 2600 of the DVD decoder DCD; video
2 1s similarly the video data at the beginning of

10 sald scene with the video 2 line representing the
change in said video data accumulation in the video
buffer 2600 at the beginning of said scene.

Note that both wvideo 1 and video 2

represent the state of the video buffer before

15 system stream connection. VDTS is the time video 2
is first decoded; tv is the video 2 transfer start
time, and is calculated from eguation 30631 below
where video buffer verifier delay vbv_delay is
defined as the time from the start of data input to

20 the video buffer to the start of decoding. If
decoding starts at vbv_delay after the start of
data input to the video buffer, a video buffer data
underflow state can be reliably prevented during
the following decoding process.

tv = VDTS - vbv_delay (1]

[
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buffer where afl, af2, af3, and af4 are the audio
frames contained in audio 1. Note that the audio

frame is the encoding process unit, and contains

h

the audio data for a defined period of time (Af).
Audio 2 shows the transfer of audio frames
at the beginning of the scene to the audio buffer
where afS5 and afé6 are the audio frames contained in
10 audio 2.
APTS is the time the audio in audio 2 is
first reproduced.
The audio frames (af3, af4) transferred
during pericd APTS from time tv, i.e., the number
15 of audio frames (Amove) MFApl attached to audio 1
transferred after the start of video 2 transfer, is
calculated according to equation 2.
Amove = (APTS - tv - Af) / Af (2]
The audio data movement (number of audio
20 frames) from the preceding scene is thus
calculated.
The method of calculating the audio data
movement MFAp2 to the following scene in step
#307008 above is described below with reference to

15 Fig. 55.



4  f 10%%& ()- |19%409%& ()- 310%& ()- 109%& ()- $y- 10%& ()-10 10
bR oo | obU410 $f - 1098& () - 10$10$10$ AVA0%B& ()-1 6AYA0%H&26 )April 2003
- AYL0YBE ()-! AVAO%B&E ()-!--C..c/ 0%|[:bU4l0 ,&I0% & ()- , &LOYB& ()-
L &L0%B& ()- , &L09B& ()- "1098& ()- 109%6& ()-%d*11(2)2*2+292B2vU410
109%g9& ()- $-1096& ()-10"10"10" 1Z9%40% & ()-F 1Z9%A0%& ()-F
/ y1098& () - B2393S3y33q4|[: vU410 3$1098& ()- 3"10%& ()- 1098& ()-
109%6& ()- |!1109& ()- 9!1098& ()-q4465?55516| [ vU410 @ "10%B& () -
1$10968&' ()- -!10%& ()- ,-1098& ()- ? 098& ()-s
$&109F& () -51666666667vU410 , 1098&" €Y7 "1098& ()- $- 10%B& () - 10#10#10#
7$109%& ()- 7$1098& ()-7n777888|[:vU410 ,s! 10%& ()- 3$10%B& () -
Ol 109B& () - | SHI09B& ()- LSKI0%S & ()- , 109& ()-8890099: | [: VU410
,F. 1098& () - 109 #& () - 3(f#109%8& ()- & 10%B& ()- %erO%B&'()-
S#10%$& ()-:7:m9;:;;;<J;P,vU410 10%& () - $ 10%$& ()-10%$10%10% 3
"1098& ()-5 &03YA0%BE ()-  £O3%A0%" 0& ()-
(3810% $f & ()-=+ 3810B6&ID - E1938106p- ﬁﬁ'&dé)q é@o’«%@ (‘51g$° data

3&10%-J~& ()-=t #10 2927?2227k &10%) #&' 1096 &
Sy, 10%;&& (§ GoChtf 16 %385%6:/6 es()prTe e 1ng¥ scerne, Oy VAYEE 945

(ya100a 8"+%%th%ﬁ%E?%l%%ﬁ%%?hﬁ%ﬁé?%%@w% 0-

g@?é‘?/;@gm(&) ((): EEE( FYFFF| mglté%%g£$%gyg%| 81#10%/%(% SI(?W the
10%ns$e' (JvideuSres) s th et dre scad¥n@oRNEctEon. VDTS is
the time video 2 is first decocded; GOP_move is the
one GOP video data GMVp moved in sfep #307006; tv
is the time video 2 transfer starts after moving
the GOP_move quantity of GOP, and can be uniformly
10 calculated.

Audio 1 shows the transfer of audio frames
at the end of the preceding scene to the audio
buffer where afl, af2, af3, and af4 are the audio
frames contained in audio 1. Note that the audio

15 frame is the encoding process unit, and contains
the audio data for a defined period of time (Af).

Audio 2 shows the transfer of audio frames
at the beginning of the scene to the audio buffer
where af5, afs, and af7 are the audio frames

20 contained in audio 2.

APTS is the time the audio in audio 2 is
first reproduced.

The audio frames (afs, afe, af7)
transferred during period APTS from time tv, i.e.,

25 the number of audio frames (Amove) MFApl attached
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While the basic structure of the DVD

decoder DCD used in the present embodiment is as
10 shown in Fig. 26, the synchronizer 2900 is
structured as shown in Fig. 56 to process the audio
reproduction gap.
As shown in Fig. 56, a block diagram of
the synchronizer 2900 shown in Fig. 26, the
15 synchronizer 2500 comprises an STC generator 2950,
audio decoder controller 2952, and audio decoder
control data buffer 2954.
The STC generator 2950 generates the
system clock STC used as the reference clock for
20 decoding control based on the system clock
reference SCR value set by the decoding system
controller 2300.
The audioc decoder controller 2952 controls

the decoding start and stop of the audio decoder

[39]
U

3200 based on the STC value from the STC generator
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10 is described below with reference to Fig. 26 and

Fig. 56.
The overall operation of the DVD decoder
DCD in Fig. 26 is as previously described, and
further description thereof is thus omitted below.
15 The operation related to the specific processes of
the present embodiment is described below.
Referring to Fig. 26, the decoding system
controller 2300 reads the audio reproduction
stopping time 1 (VOB_A STP_PTM1), the audio
20 reproduction stopping period 1 (VOB_A_GAP LEN1),
the audio reproduction stopping time 2
(VOB_A_STP_PTM2), and the audio reproduction
stopping period 2 (VOB_A GAP_LEN2) from the DSI
packet in the navigation pack NV, and stores these

25 four values as the audio decode reproduction
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5 stopping time 1 (VOB_A_ STP_PTM1l) stored in the
audio decoder control data buffer 2954, the audio
decoder controller 2952 stops the audio decoder
3200 for the audio reproduction stopping period 1
(VOB_A GAP_LEN1l) stored in the audio decoder
10 control data buffer 2954. Likewise when the time
supplied from the STC generator 2950 matches the
audio reproduction stopping time 2 (VOB_A STP_PTM2)
stored in the audio decoder control data buffer
2954, the audio decoder controller 2952 stops the
15 audio decoder 3200 for the audio reproduction
stopping period 2 (VOB _A GAP LEN2) stored in the
audio decoder control data buffer 2954.
By thus comprising a STC generator 2950
and audio decoder controller 2952, the synchronizer
20 2900 1is able to process audio reproduction gaps
contained in the system stream of a multi-scene
period when connecting a stream from a multi-scene
period with a common scene stream.
Note that an audio reproduction gap may

25 occur in the present invention in one or both of
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The decoding process executed by the

5 decoding system controller 2300 of the present

invention is described briefly below with reference

to Fig. 60, Fig. 61, Fig. 62, Fig. 63, and Fig. 64.

The process executed by the audio deccder

controller 2952 of the present invention is then

10 described with reference to Fig. 57.

In Fig. 60 the title selected by the user

is extracted from the multimedia bitstream MBS

stored to the digital video disk, and the VTS_PGCI

#i program chain (PGC) data for reproducing the

15 selected title is extracted by the decoding system

controller 2300 of the DVD decoder DCD at step

#310214. Then at step #310216 the selected title is

reproduced based on the extracted VTS _PGCI #i

program chain (PGC) information. The process shown

20 in Fig. 60 has already been described in detail

above, and further description thereof is thus

omitted below.

The process of reproducing the VTS_PGCI #i

program chain in step #310216, Fig. 60, 1s shown in

25 Fig. 61 and described below.
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&$10%00& () hekHE ke K LI@IO7R4 q) {Btaelp #31032), and the data
decoding process in the stream buffer 2400 (step
5 #31034) are executed in parallel. Note that the
process of step #31032 is based on the cell
reproduction information in the PGC information
entries C_PBI #Jj. The process shown in Fig. 61 has
already been described in detail above, and further
10 description thereof is thus omitted below.

The stream buffer data transfer executed
for each cell reproduction information entry (PGC
information entries C_PBI #j) by the process of
step #31032 is described in further detail below

15 referring to Fig. 62. Because a parental lock
control scene is being processed in the present
embodiment, step #31040 of Fig. 62 returns NO, and
the procedure moves to step #30144. The process
shown in Fig. 62 has already been described in

20 detail above, and further description thereof is
thus omitted below.

The non-multi-angle cell decoding process,
i.e., the parental lock control cell decoding
process executed as step #31044, Fig. 62, is

25 described further below with reference to Fig. 63.
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5 by the present embodiment is arrayed to an
interleaved block, step #31050 routes control to
step #31052. The process shown in Fig. 63 has
already been described in detail above, and further
description thereof is thus omitted below.

10 The non-multi-angle interleaved block
process (step #31052, Fig. 63) is described further
below with reference to Fig. 64. At step #31062 the
audio reproduction stopping time 1
(VOB_A _STP_PTM1l), the audio reproduction stopping

15 period 1 (VOB_A GAP LEN1), the audio reproduction
stopping time 2 (VOB_A STP_PTIM2), and the audio
reproduction stopping period 2 (VOB_A GAP_LEN2) are
extracted as the table data from the DSI packet in
the navigation pack NV (Fig. 20) and stored to the

20 audio decoder control data buffer 2954 (Fig. 56).
The procedure then moves to step #31064 whereby VOB
data transfer is continued until it is determined

at step #31066 that all interleave units in the

interleaved block have been transferred.
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VOB_A_STP_PTM1 with the system clock STC from the
STC generator 2950. If the values match, i.e., a

10 YES is returned, the procedure moves to step

#202302; if the values do not match, i.e., a NO is
returned, the procedure moves to step #202303.

At step #202302 the audio reproduction
stopping period 1 (VOB _A GAP LENl) is read from the

15 audio decoder control data buffer 2954, and the
audio decoder 3200 is stopped for this period.

At step #202303, the audio decoder
controller 2952 reads the audio reproduction
stopping time 2 (VOB_A STP_PTM2) from the audio

20 decoder control data buffer 2954, and compares
VOB_A STP_PTM2 with the system clock STC from the
STC generator 2950. If the values match, i.e., a
YES is returned, the procedure moves to step
#202304; if the wvalues do not match, i.e., a NO is

25 returned, the procedure returns to step #202301.
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5 The audio reproduction stopping time
information (VOB_A_STP_PTM and VOB_A_GAP_LEN) is
thus written to the DSI packet of Ehe navigation
pack NV in the system stream. Based on this audio
reproduction stopping time information, the DVD

10 decoder DCD comprising an audio decoder control
data buffer 2954 and an audio decoder controller
2952 for controlling the audio stream decoding
operation is able to process audio reproduction
gaps found in parental lock control scenes, i.e.,

15 in system streams shared by plural different
program chains as shown in Fig. 30. It is therefore
able to prevent intermittent video reproduction
(video freezing) and intermittent audio
reproduction (muting) caused by a data underflow

20 state in the video buffer or audioc buffer resulting
when one common system stream is connected to one
of plural system streams branching from (following)
or to (preceding) the one system stream.

Note that while audio data is moved in

audio frame units in the above embodiment, the same

|
W
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moved according to the first system stream
production method in the above embodiment, the same
effect can be achieved if video data is also moved

15 from the system stream preceding the connection to

the system stream following the connection.

The present embodiment has also been
described with reference to only one video stream
and one audic stream, but the invention shall not

20 be so limited.

While the present embodiment has been
described with particular reference to branching
and connecting streams as used to implement a

parental lock control fesature, seamless contiguous

25 reproduction can also be achieved in multi-angle
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The second system stream production method
described above is described as being used at
connections from one of plural system streams to a
single common system stream in the present
10 embodiment. However, the same effect can be
achieved using the first system stream production
method described above when the same audio
information is recorded to system streams not
shared between different program chains.

15 The present embodiment was also described
using a digital video disk DVD, but the same effect
can be achieved using other optical disks recording
system streams having the same data structure as
that of the present embodiment described above.

20 With the audio and video data interleaving
method of the present embodiment the audio data
input by the decoding time includes only the data
used in the next audio decode operation and any
remainder from the packet transfer operation

25 (approximately 2 KB). However, insofar as an audio
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4hF&CeN$ reproduction gap at a system stream branch is
written to the audio reproduction stopping time 1
(VOB_A_STP_PTM1) and the audio reproduction
10 stopping period 1 (VOB_A GAP_LEN1l) fields of the
navigation pack NV in the present embodiment, but
this audio reproduction gap information may be
written to the audio reproduction stopping time 2
(VOB_A STP_PTM2) and the audio reproduction
5 stopping period 2 (VOB_A GAP_LEN2) fields.
Information relating to the audio
reproduction gap at a system stream connection is
written to the audio reproduction stopping time 2
(VOB_A_STP_PTM2) and the audio reproduction
20 stopping period 2 (VOB_A GAP_LEN2) fields of the
navigation pack NV in the present embodiment, but
this audio reproduction gap information may be
written to the audio reproduction stopping time 1
(VOB_A_STP_PTM1) and the audio reproduction
25 stopping period 1 (VOB _A_GAP_LEN1) fields.
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reproduction time of two audio frames in thHi
5 embodiment. However, if the video is encoded with
variable bit rate (VBR) coding and the wvideo bit
rate before the connection is reduced, the same
effect can be achieved even when the input start
time of the video data to the video buffer is
10 advanced.
The difference between the input start
times to the respective buffers of the audio and .
video data in the system stream is defined as at
most the reproduction time of two audio frames in
15 this embodiment. However, 1f the video is encecded
with variable bit rate (VBR) coding and the video
bit rate before the connection is reduced, the same
effect can be achieved even when the input end time
of the video data to the video buffer is delayed.
20 The present embodiment is also described
as accumulating one audio frame in the audio buffer
when system streams are connected, but the present

invention shall not be so limited and the same

effects can be achieved if a different audio buffer
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accumulation level is used inscofar as an audio
buffer overflow state is not induced.

Furthermore, while video data is moved in
GOP units in the above embodiment, if the wvideo
data input bit rates differ in the connected system
streams, the same effect can be achieved by
encoding the GOP to be moved at thé input bit rate
of the video data in the system stream to which the
GOP is moved.

The compressed audio and video streams are
also used for data movement in the above
embodiment, but the same effect can be achieved by
first moving the data at the pre-encoded material
level.

Only one GOP is also moved in the above
embodiment, but the same effect can be achieved by
moving two or more, i.e., plural, GOP.

It is therefore possible by means of the
present invention thus described to reproduce
system streams from different program chains as a
single contiguous title without intermittent video
presentation (freezing) or intermittent audio
presentation (muting) when connecting and
contiguously reproducing plural system streams from

a multimedia optical disk recorded with the wvideo
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packets and audio packets interleaved to a single
system stream meeting the following conditions:

(a) the difference between the input start
time of the first video packet and the input start
time of the first audio packet at the beginning of
the system stream is less than the reproduction
time of the number of audio frameé that can be
stored in the audio buffer plus one audio frame,
and

(b) the difference between the input end time
of the last video packet and the input end time of
the last audio packet at the end of the system
stream is less than the reproduction time of the
number of audio frames that can be stored in the
audio buffer plus one audio frame.

Using a multimedia optical disk recorded .
with a system stream containing plural scenario
branches, i.e., plural system streams branching

rom a single system stream to which said plural
system streams may connect, where at least the same
audio content is recorded to one or more audio
frames at the beginning of each of the plural
system streams connecting to said single system
stream, it is particularly possible to reproduce

plural scenario titles as single natural titles
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without stopping the video presentation (video
freezing) at the system stream connection when
connecting and contigucusly reproducing the system
streams.

Using a multimedia optical disk recorded
with a system stream containing plural scenario
connections, i.e., plural system streams connecting
to a single system stream following thereafter,
where at least the same video content is recorded
to one or more video frames at the beginning of
each of the plural system streams connecting to
said single system stream end of each of the plural
system streams connecting to said single system
stream or beginning of the single system stream
connecting to the plural system streams, it 1is
particularly possible to reproduce plural scenario
titles as single natural titles without stopping
the video presentation (video freezing) at the
system stream connection when connecting and
contiguously reproducing the system streams.

Video or audio buffer underflow states at
system stream connections, i.e., intermittent video
presentation (video freezing) or intermittent audio
presentation (audio muting), resulting from the

time difference in the video and audio reproduction
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times of different reproduction paths can also be
prevented by means of a DVD reproduction apparatus
wherewith audio reproduction gap information is
recorded to the reproduction control information,
and said audio reproduction gap information is used
by an audio decoder controller to start and stop
audio decoder operation appropriately.

By inserting a time difference in the
video and audio reproduction times of different
reproduction paths as an audio reproduction gap in
one system stream not shared by different program
chains, problems created by system stream
connections, i.e., across system streams, can be
converted to a problem contained within a single
system stream. It is therefore possible to contain
the audio reproduction gap information within the
DSI packet of the system stream, thus writing both
the audio reproduction gap and the audio
reproduction gap information to a single system

stream, and thereby simplifying the data structure.

As a result, the present invention makes
it simple to reuse, i.e., share, system streams.
Furthermore, because the audio

reproduction gap is contained within a single
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system stream, the audio reproduction gap can be
moved to any desirable position in the system
stream. As a result, it is possible to move the
audio reproduction gap to a silent or other audibly

innocuous location.

Industrial Applicablity

As 1s apparent from a method and an
apparatus according to the present invention for
interleaving a bitstream to record the interleaved
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 bitstreams 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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What is claimed is:

1. A machine readable information recording medium comprising:

a first region having stored therein audio data of a plurality of audio frames in a
form of at least one audio stream that is multiplexed with at least one video stream,
wherein each of the audio frames have a predetermined duration and wherein the
audio data is capable of being decoded and presented,;

a second region having stored therein management information used for
managing a decoding and presentation of the audio data;

wherein the presentation of the audio data is discontinuous between at least
two of the audio frames for a period less than a duration of one audio frame; and

wherein at least one of said first and second regions having stored therein
audio gap information which indicates a start time of the audio presentation

discontinuous period and a duration of the audio presentation discontinuous period.

2. A machine readable information recording medium as claimed in claim 1,
wherein said audio gap information stored in said at least one of said first and second

regions is used to suspend the decoding of the audio data during the audio

presentation discontinuous period.

3. A machine readable information recording medium as claimed in claim 1,
wherein the at least one audio stream contains a plurality of data blocks with time
stamps each indicating a presentation time of a corresponding data block, each of said
plurality of data blocks containing at least one of the at least two audio frames between
which the presentation of the audio data is discontinuous; and

wherein said audio gap information indicates a time stamp of a data block
including the audio presentation discontinuous period and the duration of the audio

presentation discontinuous period.
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4. A recording method for recording audio data of a plurality of audio frames each
having a predetermined duration onto a machine readable information recording
medium including a first region and a second region, said method comprising:

recording the audio data capable of being decoded and presented in the first
region in form of at least one audio stream that is multiplexed with at least one video
stream in such a manner that presentation of the audio data is discontinuous between
at least two of the audio frames for a period less than the duration of one audio frame;

recording management information used for managing a decoding and the
presentation of the audio data in the second region; and

recording audio gap information which indicates a start time of the audio
presentation discontinuous period and a duration of the audio presentation

discontinuous period in at least one of the first region and the second region.

5. A recording method as claimed in claim 4, wherein said audio gap information
stored in said at least one of said first and second regions is used to suspend the

decoding of the audio data during the audio presentation discontinuous period.

6. A recording method as claimed in claim 4, wherein the audio data is recorded
in such a manner that the at least one audio stream contains a plurality of data blocks
with time stamps each indicating a presentation time of a corresponding data block,
each of said plurality of data blocks containing at least one of the at least two audio
frames between which the presentation of the audio data is discontinuous; and
wherein said audio gap information is recorded to indicate a time stamp of a
data block including the audio presentation discontinuous period and the duration of

the audio presentation discontinuous period.



