-1- DESCRI PTI ON METHOD AND DEVI CE FOR SEAMLESS- REPRODUCI NG A BI TSTREAM
CONTAI NI NG NONCONTI NUOQUS SYSTEM TI ME | NFORMATI ON Techni cal Field 5 The
present invention relates to a nethod and apparatus for seani essly
reproduci ng a bitstream havi ng non- sequential systemclock data therein
and, nore specifically, to a bitstreamfor use in an authoring systemfor
variously processing a data bitstream conprising the video data, audio 10
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 fromwhich a new jtitle containing the content desired
by the user can be reproduced, and efficiently recording and reproducing
said 15 generated bitstreamusing a particular recordi ng medi um

Background Art Authoring systenms used to produce programtitles conprising
rel ated video data, audio data, andpssbrppeiowe data by digitally
processing, for exanple, nultinedia data 20 conprising video, audio, and
sub-picture data recorded to |aser disk or video CD fornmats are currently
avail able. Systems using Video-Cds in particular are able to record video
-2- data to _a CD format disk, which was or| i nal |y desi ned with an

appr oxi mat eMFEHP VBV FENIEE c R tSEAPE: %‘%Tﬁ?%‘ﬁmﬁﬁ’ﬁ ¥g| A BITSTREAM

CONTAINING NONCONTINUOUS SYSTEM TIME INFORMATION

Technical Field

1 . The opresent invention relates to a method and
apparatus for seamlessly reproducing a bitstream having non-
sequential system clock data therein and, more specifically,
to a bitstream for use in an authoring system for variously
Processing a data bitstream comprising the video data, audio

10 data, and sub-picture data constituting each of plural program
titles containing related videc data, audico data, and sub-
picture data content to generate a bitstream from which a new
title containing the content desired by the user can be
reproduced, and efficiently recording and reproducing said

15. generated bitstream using a particular recording medium.

Background Art
Authoring systems used to produce program titles
comprising related video_data, audic data, and sub-picture
data by digitally processing, for example, multimedia data
20 comprising video, audio, and sub-picture data recorded to
laser disk or video CD formats are currently available.

Systems using Video-Cds in particular are able to record video



audi o data only, by using such high efficiency video conpression
techniques as MPEG As a result of the increased 5 effective recording
capacity achi eved using data conpression techniques, karaoke titles and
ot her conventional |aser disk applications are gradually being transferred
to the video CD format. Users today expect both sophisticated title
content 10 and high reproduction quality. To neet these expectations,
each title nmust be conposed frombitstreans with an increasingly deep

hi erarchi cal structure. The data size of nultinedia titles witten with
bitstreans having such deep hierarch cal structures, however, is ten or
nore times greater 15 than the data size of |l ess conplex titles. The need
to edit small image (title) details also nmakes it necessary to process
and control the bitstreamusing |ow order hierarchical data wunits. It is
therefore necessary to develop and prove a 20 bitstream structure and an

advanced dhght ab Breeessingcmetiled WhRChUdiaRg LAl J-R00F HG AL with
reproduction capabilities whereby a large volune, nultiple |evel
hi er ar chi @&l 2BRFPrarabriyt F eAME sgnchdiokf Ferentlty Eonteor¥ ey sisdehl | evel

of the higratghy t%ls%ngggdeg aresqggapgg&giu§ﬁ%&{ %%?ggéggﬁgrﬂGH&ggital
25 processing nethod, and“d regbralng media to Which t -3- bitstream
di gital | ycpmpeesseenby esaind qappatat MBEGan e a efddwClitenrit yeHeecordeth i
StQéage aggfgggghghkggoigk%grggg;gggy achieved using data compression
technigques, karacke titles and other conventional laser disk
applications are gradually being transferred to the wvideo CD
format. » ‘
Users today expect both sophisticated title content
10 and high reproduction gquality. To meet these expectations,
each title must be composed £from bitstreams with an
increasingly deep hierarchical structure. The data size of
multimedia titles written with bitstreams having such deep
hierarchical structures, however, is ten or more times greater
15 than the data size of less complex titles. The need to edit
small image (title) details also makes it necessary to progcess
and control the bitstream using low order hierarchical data
units.
It is therefore necessary to develop and prove a
20 bitstream structure and an advanced digital processing method
including both recording and reproduction capabilities whereby
a large volume, multiple level hierarchical digital bitstream
can be efficiently controlled at each level of the hierarchy.
Also needed are an apparatus for executing this digital

25 processing method, and a recording media to which the



i nformati on can be quickly reproduced. Means of increasing the storage
capacity of 5 conventional optical disks have been widely researched to
address the recordi ng medi um aspect of this problem One way to increase
the storage capacity of the optical disk is to reduce the spot dianeter D

of the optical

(laser) beam If the wavelength of the |aser beamis 1 and

the aperture of the 10 objective lens is NA then the spot dianeter Dis

proporti onal
by decreasing
St at es Pat ent

to 1/NA, and the storage capacity can be efficiently inproved
1 and increasing NA. As described, for exanple, in United
5,235,581, however, cgma caused by a relative tilt between

the 15 disk surface and the optical axis of the | aser beam (hereafter
"tilt") increases when a |arge aperture (high NA) lens is wused. To prevent
tilt-induced coma, the transparent substrate nust be made very thin. The
problemis that the nechanical strength of the disk is | ow when the

transpar ent, SUDSLLA! Cal 51 e 201 4Ty L0 D0 MPEG]. Lhescomyentional st had, of

recordi ng and

audi o, and graphic signal data, has al so
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data vol unps_at aBEﬁgher rate. It should be 25 poted that the conpression
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5 conventional optical disks have been widely researched to

10
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25

address the recording medium aspect of this problem. One way
to increase the storage capacity of the optical disk is to
reduce the spot diameter D of the optical (laser) beam. If
the wavelength of the laser beam is 1 and the éperture of the
objective lens is NA, then the spot diameter D is proportional
to 1/NA, and the storage capacity can be efficiently improved
by decreasing 1 and increasing NA.

As described, for example, in United States Patent
5,235,581, however, coma caused by a relative tiit betwgen the
disk surface and.thé optical axis of the laser beam (hereafter
"tilt") increases when a large aperture (high NA) lens is
used. 7o prevent tilt-induced coma, the transparent substrate
must be made very thin. The pxroblem is that the mechanical
strength of the disk is low when the transparent substrate is
very thin.

MPEG1l, the conventional method of recording and
reproducing video, audio, and graphic signal data, has alsc
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
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described in detail in the SO 11172 and | SO 13818 MPEG standards, and
further description thereof is omtted below. 5 Note, however, that while
the structure of the encoded video streamis defined in the MPEQ
specification, the hierarchical structure of the system stream and the
met hod of processing |ower hierarchical |evels are not defined. As

descri bed above, it is therefore not possible in 10 a conventional
authoring systemto process a |large data stream containing sufficient
information to satisfy many different wuser requirenents. Mreover, even if
such a processing nmethod were avallgable, the processed data recorded
thereto cannot be repeatedly used to reduce data redundancy because there
is no 15 large capacity recording nmediumcurrently avail able that can
efficiently record and reproduce high volunme bitstreans such as described
above. More specifically, particular significant hardware and software

requi rements nust. be satisfied.in orde 20,prpeess .a hiHstemari Gseng a
data unit S&ARFPEFR Fﬁgﬁqﬁu§?W%W%§LT%€§é %%%%if?c hardmaredrqguirenents
t h

include sigpiticantky ahdCremasidigeddes steragecapEtly 8nct EFFECor i Ag

medi um and increasing the speed of digital pr ssing; ;seltwake wmpEG
requi r emedesciridbleddeinni®itding & aﬁbﬁnégﬁ}':ﬁ?ﬁglzbgbcéssing 25 met hod

| ncl udi ng aS%.%@dsst | cated data ,Stddict U i orb hEheref arse, orihiet o) eeloGf t he
present i AVEARTTON i's to provide an effective authoring systemfal: cpe
congrolling a Note, however, that while the ructure

encoded video stream is defined in the MPEG2 specification,

4d
the hierarchical structure of the system stream and the metho

of processing lower hierarchical levels are not defined.

As described above, it is therefore not possible in
10 a conventional authoring system to process a large data stream
containing sufficient information to satisfy many different
user requirements. Moreover, even if such a processing'method
were available, the processed data recorded thereto cannot be
repeatedly used to reduce.data redundancy because there is no
15 large capacity recording medium currently available that can
efficiently record and reproduce high volume bitstreams such

as described above.
More specifically, particular significant hardware
and software requirements must be gsatisfied in order to
20 process a bitstream using a data unit smaller than the title.
These specific hardware reguirements include significantly
increasing the storage capacity of the recording medium and
increasing the speed of digital processing; software
requirements include inventing an advanced digital processing

25 method including a sophisticated data structure.




I EIIA——m

mul ti medi a data bitstreamw th advanced hardware and software requirenents
using a data unit smaller than the title to 5 better address advanced user
requi renents. To share data between plural titles and thereby efficiently
utilize optical disk capacity, multi-scene control whereby scene data
common to plural titles and the desired scenes on the sane tinme-base from
within nmulti-scene periods 10 containing plural scenes unique to particular
reproduction paths can be freely selected and reproduced is desirable.
However, when plural scenes unique to a reproduction path within the

mul ti-scene period are arranged on_.tdhe sane tine-base, the scene data nust
be contiguous. Unselected 15 multi-scene data is therefore unavoidably

i nserted between the sel ected conmon scene data and the sel ect ed

mul ti-scene data. The problemthis creates when reproducing multi-scene
data is that reproduction is interrupted by this unsel ected scene data.
20 In other words, except_when Vi . WhLchgl or. £ AL S+agt eost Leam
title editing unit, Til'ée‘gﬁﬁﬁﬂee’d T (C)ga? %%lr:etgg %g'lt%r e%%is%ﬁearﬂ ess. .
reprOdUCtEQ”EE%NEHeana%&E%%Qdd%/éﬂﬁﬁﬂ@in@OaﬂeCEhnGQHKFQQRF?k%%?%ga

I ndi vi dual V This is because while the repraduction _of viidegecgudLo,
and sub- piretlFiaers s GedamP I ECHRoRT Yach aﬁ%g? 3rgV%§%r8§erd,tthe nmeans

for -6- achiewing this Synghroni aathon.d:s esehosed ivhaachh¥WOBivle ato
result, thquync roni zation"nmeans will not function normally
5 better address advanced user requirements.
To share data between plural titles and thereby
efficiently utilize optical disk capacity, multi-scene control

whereby scene data common to plural titles and the desired

scenes on the same time-base from within multi-gscene periods

10 containing plural scenes unigue to particular reproduction

paths can be freely selected and reproduced is desirable.
However, when.plural scenes unique to a reproduction

path within the multi-scene period are arranged on the same

time-base, the scene data must be contiguous. Unselected

15 multi-scene data is therefore unavoidably'iﬁserted.between the
selected common scene data and the selected multi-scene data.
The problem this creates when reproducing multi-scene data is
that reproduction is interrupted by this unselected scene
data.

20 In other words, except when a VOB, which is normally
a single-stream title editing unit, is divided into discrete
streams, sSeamless reproduction cannot be achieved by simply
connecting and reproducing individual VOBE. This is because
while the reproduction of video, audioc, and sub-picture

25 streams forming each VOB must be synchronized, the means for
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at VOB connections if the VOB are sinply connected together. The object of
the present invention is therefore to 5 provide a reproduction apparatus
enabl i ng seanl ess reproduction whereby scene data can be reproduced
without intermttence even fromthese nulti-scene periods. The object of
the present invention is therefore to provide an optical disk nediumfrom
whi ch data can be 10 seam essly reproduced w thout audio or video
intermtting even in such nulti-scene periods, and reproduci ng apparat us

i npl ementing said recording and reproduci ng net hod. The present application
I s based upon Japanese Patent Appligation No. 7-276710 and 8-041583, which
were filed 15 on Septenber 29, 1995 and February 28, 1996, respectively,
the entire contents of which are expressly incorporated by reference
herein. Disclosure of Invention The present invention has been devel oped
with a view 20 to substantially solving the above descri bed di sadvant ages

and has for its essential object to provi; éyhﬂggg@vgg dethodogandrs a
appar at us BEPIEFFAS TRy B ﬁrroenaln%%%vcfnngldsﬁon- sequential system cl ock

data seam egsly o heigbetMRe orikadilbrotaind ovidchireve fyrechi @R eRRAPROAEd

obj ective, a system stream contiguous reproduction appar tp Lgbrare
i nput one et WioEe coptesthismedfs Gift é’Fdeﬁﬁ%gg’é?p%ﬁéas mrlr%%/?%a Bl&%turg dat a

and audio data, and %ﬁﬁg%ﬂh%&ﬁﬁgﬁ‘EQQnEEEE@Ht invention is therefore to

5 provide a reproduction apparatus enabling seamless

reproduction whereby scene data can be reproduced without

intermittence even from these multi-scene periods.
The object of the present invention is therefore to
provide an optical disk medium from which data ~can be
10 seamlessly reproduced without audio or video intermitting even
in such multi-scene pericds, and reproducing apparatus
implementing said recording and reproducing methed.
The present applicaticn is based upon Japanesse
Patent Application No. 7-276710 and 8-041583, which were £filed
15 on Septemﬁer 29, 1995 and Fébruary 28, 1996, respectively, the
entire contents of which are expressly incoxporated by

reference herein.

Discleosure of Invention
The present invention has been developed with a view
20 to substantially solving the above described disadvantages and
has for its essential object to provide an improved method and
apparatus for reproducing bitstream having non-sequential

system clock data seamlessly therebetween.




5 informati on conprises a systemclock STC generator for producing the
system cl ockthat is used as the system stream reproduction reference

cl ock, one or nore signal processing decoders that operate referenced to
the system clock STC, decoder buffers for tenporarily storing the system
streamdata 10 transferred to the correspondi ng signal processing decoders,
and STC selectors for selecting a systemclock STC referenced by the

si gnal processing decoders when decoding the first systemstream and

anot her system cl ock STC referenced by the signal processing decoders when
decodi ng a second system 15 stream-éproduced contiguously to the first
systemstream Brief Description of Drawings Fig. 1 is a graph
schematically showing a structure of nmulti nmedia bit stream according to
the present invention, Fig. 2 is a block diagramshow ng an authoring 20
encoder according to the present invention, Fig. 3 is a block diagram
showi ng an aut hori ngrn dec@der taceehdeRr@ thd hef praset i bneenbbgrcthive., 4 i s
a side view of an optical disk storing the multi nmedia bit stream of Fig.
1, 8  FifgSYSted ShremMaf9Rbi Frens SHOM P at por t3RRAT2onfi TR actr el e

of Fig. 4:4h id %raﬂ'tcﬁ@ gg/gﬁgmvg%weath%%ﬂgeélggum@nathet-,lls@eﬁhobxn@
circle of Fig. 5, 5 Fig. 715 a side view show ng a variation of the

picture data and audio data, and system stream connection
5 information comprises a system c<lock §TC generator for
producing the system clockthat is used as the system stream
reproducticn reference clock, one or more signal. processing
decoders that operate referenced to the system clock STC,
decoder buffers for temporarily storing the system stream data
10 transferred to the corresponding signal processing decoders,
and STC selectors for selecting a system clock STC referenced
by the signal preccessing decoders when decoding the first
system stream, and another system c¢lock STC referenced by the
signal processing decoders when decoding a second system

15 stream reproduced contiguocusly to the first system stream.

Brief Déscription of Drawings
Fig. 1 is a graph schematically showing a structure
of multi media bit stream according to the present invention,
Fig. 2 is a block diagram showing an authoring
20 encoder according to the'present invention,
Fig. 3 is a block diagram showing an authoring
decoder according to the present invention,
Fig. ¢ is a side view of an optical disk storing the

multi media bit stream of Fig. 1,
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optical disk of Fig. 4, Fig. 8 is a side view show ng another variation of
the optical disk of Fig. 4, Fig. 9 is a plan view show ng one exanpl e of
track 10 path formed on the recording surface of the optical disk of Fig.
4, Fig. 10 is a plan view show ng anot her exanple of track path fornmed on
the recording surface of the optical disk of Fig. 4, 15 Fig. 11 is a

di agonal view schematically showi ng one exanple of a track path pattern
formed on the optical disk of Fig. 7, Fig. 12 is a plan view show ng

anot her exanple of track path forned on the recording surface of the
optical disk 20 of Fig. 7, Fig. 13 s a diagonal view schematically
showi ng one exanple of a track path pattern fornmed on the optical disk of
Fig. 8 -9- Fig. 14 is a plan view showi ng anot her exanple of track path
formed on the recording surface of the optical disk of Fig. 8 Fig. 15 is
a graph in assistance of explaining a 5 concept of parental control

2ﬁgg{ﬁgn?héo t he preggg{ éngﬁgtg%n,egigrgég | §;8,0r apbsshenmt igdd Yon

confined by a circle of Fig. 4,

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

5 Fig. 7 is a side view showing a variation of the

optical disk of Fig. 4,

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

Fig. 9 is a plan view showing one example of track

10 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 Fié. 4,
15 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 surface of the optical disk

20 of Fig. 7,

Fig. 13 is a diagonal view schematically showing one
example of a track path pattern formed on the optical disk of

Fig. 8,




structure of nultinedia bit streamfor use in Digital Video D sk system
according to the present invention, 10 Fig. 17 is a graph schematically
showi ng the encoded video stream according to the present invention, Fig.
18 is a graph schematically showng an internal structure of a video zone
of Fig. 16. Fig. 19 is a graph schematically showi ng the stream 15
‘managenent information according to the present invention, Fig. 20 is a
graph schematically showi ng the structure the navigation pack NV of Fig.

17, Fig. 21 is a graph is assistance of explaining a concept of parental

| ock pl ayback control according to-tghe 20 present invention, Fig. 22 is a
graph schematically showing the data structure used in a digital video

di sk system according to the present invention, -10- Fig. 23 is a graph in
assi stance of 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 miltl sqene data, congest! Ofewlbilowing Srbdlack dagian:
showi ng a DVD encoder ~ according to the present Invention, Fig. 26 is a
bl ock di agraakshavhnfoan&¥V2detederccactordisng feoest hé phesenticaledision,
of Fig. 8, '
Fig. 15 is a graph in assistance of explaining a
5 concept of parental control according to the present
invention,
Fig. 16 is a graph schematically showing the
structure of multimedia bit stream for use in Digital Videco
Disk system according to the preseﬁt invention,
10 Fig. 17 is a graph schematically showing the encoded
video stream according to the present invention,
Fig. 18 is a graph schematically showing an internal
structure of a video zone of Fig. 16.
Fig. 19 is a graph schematically showing the stream
15 management information according to the present invention,
Fig. 20 is a graph schematically showing the
structure the navigation pack NV of Fig. 17,
Fig. 21 is a graph is assistance of explaining a
concept of parental lock playback control according to the
20 present invention,
Fig. 22 is a graph schematically showing the data
structure used in a digital video disk system according to the

present invention,
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10 Fig. 27 is a graph schematically show ng an encoding information table
generated by the encoding systemcontroller of Fig. 25, Fig. 28 is a graph
schematically showi ng an encoding information tables, 15 Fig. 29 is a
graph schematically showi ng an encodi ng paraneters used by the video
encoder of Fig. 25, Fig. 30 is a graph schematically showi ng an exanple of
the contents of the program chain information according to the present
invention, 20 Fig. 31 is a graph schematically show ng anot her exanpl e of
the contents of the programchain information according to the present
invention, Fig. 32 is a block diagrgmnshow ng a synchronizer of Fig. 26
according to the present invention, - 11 Fig. 33 is a graph in assistance
of explaining a concept of multi-angle scene control according to the
present in invention, Fig. 34 is a flow chart, forned by Figs. 34A and 5
34B, showi ng an operation of the DVD encoder of Fig. 25 Fig. 35 is a flow

chart showi ng detail ed of the encode,para ductizon. sk 10184 ng of
Fig. 34, Fig. 36 isFa%| ow ctart gﬁ%ﬁﬁhdjiﬁﬁgﬁg%g%ﬁed of tﬁ%ﬂ'JtB dat a

setting rauhi-Rec0bsFid1c35and0eFigendTebat Aol | sucohdi boshovkng RHRS®ABOde
invention,
Fig. 24 is a graph in assistance of explaining a
S concept of multi scene data connection,

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

of Fig. 25,

Fig. 28 is a graph schematically showing an encoding
information tables,
15 Fig. 29 is a graph schematically showing an enceding
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,

20 Fig. 31 is a graph schematically showing another
example of the contents of the program chain information

according to the present invention,

Fig. 32 is a block diagram showing a synchronizer

of Fig. 26 according to the present invention,
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parameters generating operation for a seanmless switching, Fig. 38 is a

fl ow chart showi ng the. encode paraneters generating operation for a system
stream Fig. 39 is a block diagram showi ng the STC generator 15 of Fig.
32, Fig. 40 is a graph in assistance of explaining the realtionship the
rel ati onshi p between the SCR, APTS, VDTS, and VPTS values, Fig. 41 is a
bl ock di agram showi ng a nodification 20 of the synchronizer of Fig. 32,
Fig. 42 is a block diagram showi ng a synchroni zation controller of Fig.
41, Fig. 43 is a flow chart showi ng an operation of the syncronization
controller of Fig. 42, 25 - 12 Fig.-#¥4-is a graph in assistance of
explaining the relationship between the systemcl ock reference SCR, the
audi o playback starting tine informati on APTS, the decoder reference
clock STC, and the video playback starting tine VPTS, 5 Fig. 45 is a graph
I n assistance of explaining the relationship between the recording
positions and val ues_of §QRﬁfABJSgrgBQ VBTS st 4R #Af andpVeBr#2garse
seani essly reproducea,'Fig. 6 Is"a graph in assitance of eﬁplai@gghéhe
10 rel ati anshigpbes naem t heaSER: APTS eoRt VAT SRR RAP 8 ¥F

in invention,
Fig. 34 is a flow chart, formed by Figs. 34A and
5 34B, showing an operation of the DVD encoder of Fig. 25
Fig. 35 is a flow chart showing detailed of the
’ .

encode parameter production sub-routine of Fig. 34,

Fig. 36 is a flow chart showing the detailed of the
VOB data setting routine of Fig. 35,
10 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 stream,
Fig. 39 is a block diagram showing the STC generator
15 of Fig. 32,
Fig. 40 is a graph in assistance of explaining the
realtionship the relationship between the SCR, APTS, VDTS, and
VPTS values,
Fig. 41 is a block diagram showing a medification
20 of the synchronizer of Fig. 32,
Fig. 42 is a block diagram showing a synchreonization
controllexr of Fig. 41,
Fig. 43 is a flow chart showing an operation of the
syncronization contreller of Fig. 42,

25




recording positions in each VOB, Fig. 47 is a graph in assistance of
explaining the relationship between the SCR, APTS, and VPTS val ues and
recording positions in the VOB, 15 Fig. 48 is a graph showing a tine line
frominput of the VOB in Fig. 47 to the system decoder to output of the

| ast audi o and video reproduction data, Fig. 49 is a flow chart show ng the
operation of the DVD encoder of Fig. 26, 20 Fig. 50 is a flow chart
showi ng details of the nmulti-angle non-seam ess switching control routine
of Fig. 49, Fig. 51 is a flow chart show ng details of the nulti-angle
seanl ess switching control routine of -Fig. 49, Fig. 52 is a flow chart
showi ng details of the 25 parental |ock sub-routine of Fig. 49, - 13 Fig.
53 is a flow chart showi ng details of the. single scene subroutine of Fig.
49, Figs. 54 and 55 are graphs show ng decoding information table produced
by the decoding systemcontroller 5 of Fig. 26, Fig. 56 is a flow chart

showing the operalignof ;the. DVB.desodes LX) okl o@Gufiginbilsl sna f1ow

chart showi ng details of reproduction extracted PGC routing of Fig. 56, 10

Fig. 58 isehaflowsbharbeshennngheehaiten oflageggifggence SCR, the audio
playback starting time information APTS, the decoder refierence
clock STC, and the video playback starting time VPTS,

5 Fig. 45 is a graph in assistaﬁce of explaining the
relationship between the recording peositions and values of
SCR, APTS, and VPTS when VOB #1 and VOB #2 are seamlessly
reproduced,
| Fig. 46 is a graph in assitance of explaining the

10 relationship between the S8CR, APTS, and VPTS values and
recording positions in each VOB,

Fig. 47 is a graph in assistance of explaining the
relationship between the SCR, APTS, and VPTS values and
recording positions in the VOB,

15 Fig. 48 is a graph showing a time line from input
of the VOB in Fig. 47 to the system decoder to cutput of the
last audio and video reproduction data,

Fig. 49 is a flow chart showing the operation of the
DVD enceodex of Fig. 26,

20 Fig. 50 is a flow chart showing details of the
multi-angle non-seamless switching control routine of Fig. 49,

Fig. 51 is a flow chart showing details of the
multi-angle seamless switching control routine of Fig. 49,

Fig. 52 is a flow chart showing details of the

25 parental lock sub-routine of Fig. 49,



data process of Fig. 57, performed by the streambuffer, Fig. 59 is a flow
chart showi ng details of the decoder synchronization process of Fig. 58,
Fig. 60 is a flow chart showi ng an during non- 15 seanl ess reproduction
operation of the STC selection controller of Fig. 59, Fig. 61 is a flow
chart showi ng the operation of the STC selection controller of Fig. 39
~during seanl ess reproduction operation, 20 , Fig. 62 is a flow chart
showi ng the data transfering operation of Fig. 57, Fig. 63 is a flow chart
showi ng details of the non nmulti-angle decoding process of Fig. 62, - 14
Fig. 64 is a flow chart show ng deti@{s of the non- nulti-angled interleave
process of Fig. 63, Fig. 65 is a flow chart showi ng details of the non-

mul ti-angl ed conti guous bl ock process of Fig. 63, 5 Fig. 66 is a flow chart
showi ng an nodification of Fig. 63, Fig. 67 is a flow chart show ng
details of the seam ess nulti-angle decoding process of Fig. 62, Fig. 68

is a flow chart showipg def aiks -0f s1op- HA-%ea8hessnHUldd cangl eotteantt ng
process of Fig. 62, Fig. 69 is a block diagram showi ng details of the
single scene subroutine of Fig. 493,
Figs. 54 and 55 are graphs showing decoding
information table produced by the decoding system controller
5 of Fig. 26,
Fig. 56 is a flow chart showing the operation of the
DVD decoder DCD of Fig. 26,
Fig. 57 is a flow chart showing details of
reproduction extracted PGC routing of Fig. 56,
10 Fig. 58 is a flow chart showing details of decoding
data process of Fig. 57, performed by the stream bufifer,
Fig. 59 is a flow chart showing details of the
decoder synchronization process of Fig. 58,
Fig. 60 is a flow chart showing an during non-
15 seamless reproduction operation of the STC selection
controller of Fig. 589,
Fig. 61 is a flow chart showing the operation of the
STC selection controller of Fig. 39 during seamless
reproduction operation,
20 ;
Fig. 62 is a flow chart showing the data transfering
cperation of Fig. 57,
Fig. 62 is a flow chart showing details of the non

multi-angle decoding process of Fig. 62,



stream buffer of Fig. 26, Fig. 70 is a flow chart show ng the encode
paraneters generating operation for a systemstreamcontaining 15 a single
scene, Fig. 71 is a graph schematically showi ng an actual arrangenent of
data bl ocks recorded to a data recording track on a recording nedi um
according to the present invention, Fig. 72 is a graph schematically
showi ng contiguous 20 block regions and interleaved bl ock regions array,
Fig. 73 is a graph schematically showing a content of a VIStitle VOBS
according to the present invention, and Fig. 74 is a graph schematically
showi ng an internal data structure_gf the interleaved bl ock regions
according to 25 the present invention. -15- Best Mde for Carrying Qut the
I nvention The prevent invention is detailedly described with reference to
t he acconpanying drawi ngs. Data structure of the authoring system5 The

| ogic structure of the nultimedia data bitstream processed using the

recording apparatus,_recording iu _repr I.0R .RRRAALYS  ANH on -
aut hori ng system acdordti if €6 Fﬂg OHre?@ﬁ% f%%gﬁkgoﬁeis described first

bel ow wi t junefiergnped onddfedve Wrbdeshi s£sFLyct @Be, one title refers to
the conbination of video and audi o data expressing _pro rnamcontent

Fig. 65 is a flow chart showing deta
multi-angled contiguous block process of Fig. 63,

5 Fig. 66 is a flow chart showing an medification of
Fig. &3,

Fig. 67 is a flow chart showing details of the
seamless multi-angle decoding process of Fig. 62,

Fig. 68 is a flow chart showing details of non-

10 seamless multi-angle deccding process of Fig. 62,

Fig. 69 is a block diagram showing details of the
stream buffer of Fig. 26,

Fig. 70 1is a flow chart showing the encods
parameters generating'operation.for‘a_system,streanicohtaining

15 a single scene,

Fig. 71 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,

Fig. 72 is a graph schematically showing contiguous

20 block regions and interleaved block regions array.

Fig. 73 is a graph schematically showing a content
of a VTS title VOBS according to the present invention, and

Fig. 74 is a graph schematically showing an internal
data structure of the interleaved block regions according to

25 the present invention.



recogni zed by a user for education, entertainment, or other purpose.
Referenced to a notion picture (novie), one title nay correspond to the
content of an entire novie, or to just 15 one scene within said novie. A
video title set (VIS) conprises the bitstreamdata containing the
information for a specific nunber of titles. More specifically, each VTS
conprises the video, audio, and other r.eproduction data representing the
content of each title 20 in the set, and control data for controlling the
content data. The video zone VZ is the video data unit processed by the
aut horing system and conprises a spgcific nunber of video title sets.
More specifically, each video zone is a |inear sequence of K+ 1 video
title sets nunbered VIS #0 25 VTS #K where K is an integer value of zero
or greater. One 16- video title set, preferably the first video title set
VTS #0, is used as the video nmanager describing the content information
of the tit] i V, t he nmul timedi a bitstream
MBS i s thté3 %Zcr g&e)%eac%ﬁzgrd%ﬁgﬁt% é&gf t ekﬁﬁ?ﬁt:ﬁggl a data bitstream handl ed
by the authoring sysemofvdrte presenton nvendeoniledlly cédaprisescprika
video zones VZ. Authorincr encoder EC A Breferred enbodi nent of the

aut hor i ng YEFETFRCEC® 1T AATTURTY T ha” pra2eRt i nvention for generating
a new nuigsirnedia-idistd e VBS Dyc i Sr eAE0diBfeinhe ori gi nal

5 The logic structure of the multimedia data bitstream

processed using the recording apparatus, recording medium,
reproduction apparatus, and authoring system according to the
present invention is described first below with raference to
Fig. 1.

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

15 one scene within said movie.

| A video title set (VTS) comprises the bitstream data
containing the information for a specific number of titles.
More specifically, each VIS comprises the video, audio, and
other reproduction data representing the content of each title

20 in the set, and control data for controlling the content data.

The video zone VZ is the video data unit processed
by the authoring system, and comprises a specific number of
video title sets. More specifically, each video zone is a
linear sequence of K + 1 video title sets numbered VTS #0 -

25 VTS #K where K is an integer value of zero or greater. One



mul ti medi a bitstream MES according to the scenario desired by the user is
shown in Fig. 2. Note that the original nultinedia bitstream MBS conpri ses
a video stream Stl 15 containing the video information, a sub-picture
stream St3 containing caption text and other auxiliary video information,
and the audio stream St5 containing the audio information. The video and
audio streans are the bitstreans containing the video and audio

i nformation obtained fromthe 20 source within a particular period of
time. The sub-picture streamis a bitstream containing nonentary video
information relevant to a particul p§ _scene. The sub-picture data encoded
to a single scene may be captured to video nenory and displ ayed
continuously fromthe video nmenory for plural scenes 25 as nay be
necessary. - 17 Wien this nmultinedia source data Sti, St3, and Sts is
obtained froma |live broadcast, the video and audio signals are supplied

inreal-time froma video carrerao i ouf £e. Mbenytdenq,
nul ti medi 4idearEat4st §°Fs ?EﬁfSﬁﬁE F8n$ér QV?%%%étgég or” ot her recordi ng

medi um the audie@ and video -sigseal smahagbet aeaba:ubrmgsu gried 5. CURE4RE t he
mul ti media source streamis sho-.vwn in Fig.. 2 as onp 5|n fggg fhree

source signabsmathion iof tie tdshreicehte oy 1mRPg & noted that

the mltinedia 10 SQUICE,SLLGARIRY ;CoRLAA mgelgh@netmﬂ@eawmmosource
signals, and may contal n source data for different titles.

5 unit of the multimedia data bitstream handled by the authoring
system of the present invention, and comprises plural video
zones VZ.

Authoring eﬁcoder EC
A preferred embodiment of the authoring encoder EC

10 éccording to the present invention for generating a new
multimedia bitstream MBS by re-encoding the original
multimedia bitstream MBS according to the scenarioc desired by -
the user is shown in Fig. 2. Note that the original
multimedia bitstream MBS comprises a video stream st1

15 containing the video information, a sub-picture stream St3
containing caption text and othex auxiliary video information,
and the audio stream St5 containing the audio informatiocn.

The video and audio streams are the bitstreams
containing the video and audio information obtained from the

20 source within a particular period of time. The sub-picture
stream is a bitstream containing momentary video information
relevant t£o a particular scene. The sub-picture data encoded
to a single scene may be captuxed to video memory and
displayed continuocusly from the video memory for plural scenes

25 as may be necessary.
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Mul tinmedi a source data with audi o, video, and sub-picture data for plural
titles are referred to below as nulti-title streans. 15 As shown in Fig.
2, the authoring encoder EC conprises a scenario editor 100, encoding
system control |l er 200, video encoder 300, video stream buffer 400,
sub-picture encoder 500, sub-picture stream buffer 600, audi o encoder 700,
audi o stream buffer 800, system encoder 900, video zone 20 formatter 1300,
recorder 1200, and recording nedium M The video zone formatter 1300
conprises video object (VOS) buffer 1000, formatter 1100, and vol une and
file structure formatter 1400. 18- 1Fhe bitstream encoded by the authoring
encoder EC of the present enbodinent is recorded by way of exanple only to
an optical disk. The scenario editor 100 of the authoring encoder EC 5

out puts the scenario data, i.e., the user-defined editing instructions.
The scenario data controls editing the corresponding parts of the

mul timedi a bitstreaqh¥§8é¥¥?N£ﬂfghmé§3;h§Og§gé'éaggng@yLagtgm ahdt bes
vi deo, sub-picture, an audi o conponents of the original rmultinmedia_title.

This 10 sqenabic@ iedid eroh08 Preé eragczonpriseyisded spcagrdicsFeqRarEs) ,
keyboard, CPU, and source streambuffer. The . scenario _editar.100Q;i
connect ed 3¢ SHESHIGhAR REFLT e8P TBM 3 (T EHM sc(?u%cxlea fo‘r%gm whi ch ?ﬁzng

nU|tinEdi%éﬁygé¥aékgﬁiéﬁéymultimedia source data is reproducad from a
5 video tape or other recording maedium, the audioc and video

signals are not resal-time signals.
While the multimedia source stream-is shown in Fig.
2 as comprising these three source signals, this 1is for
convenience only, and it shculd be noted that the multimedia
10 source stream may contain more than three types =f source
signals, and may contain source data for differernt titles.
Multimedia source data with audio, video, and sub-picture data
for plural titles -are referred to below as multi-title
streams.
15 As shown in Fig. 2, the authoring encoder EC
comprises a scenario editor 100, encoding system controller
200, video encoder 300, video stream puffer 400, sub-picture

encoder 500, sub-picture stream buffer 600, audio encoder 700,

audio stream buffer 800, system encoder 3200, video zone

20 formatter 1300, recorder 1200, and recording medium M.
The video zone formatter 1300 compriseS'video object
(VOB) buffer 1000, formatter 1100, and volume and file

structure formatter 1400.
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St3, and Sts are supplied. 15 The user is thus able to reproduce the video
and audi o conponents of the nultinmedia source data using the display and
speaker to confirmthe content of the generated title. The user is then
able to edit the title content according to the desired scenario using the
keyboard, nouse, 20 and other command input devices while confirm ng the
content of the title on the display and speakers. The result of this
mul ti medi a data mani pulation is the scenario data St7. The scenari o data
St7 is basically a set of instructions describing what source data is
selected fromall 25 or a subset ofigt.he source data containing plural
titles wwthin -19- a defined tine period, and how the sel ected source data
is reassenbled 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, 5 length, and the rel ative tine-based

positions of the edited parts of the r SP iMe nbdiheeitha soarderdda
streans Stl, St3, dﬁBeSP%tFBrﬁgﬁngfgdt e%gienario data St7. The s

rce
stream buf fer_has_a_speci Lhsogapasit ys randriiedusedvey 8El & fhe & S hodi a
source data streans Stl, 10 St3, and St5 a known tine Td and then out put
streans Stde Sh3eptandlSEdskthis delay is required for synchronizati wth

(0]
the editor encoding progess. Mbreaspssi fbeabt harkerriyating encoder Ee

i - ined editing
5 outputs the scenario data, 1.e.. the user-defin

' i diting the
instructions. The sScenario data contreols e g

‘ i i i coxrdin
corresponding parts of the multimedia bltstream_MBS ac g

i i i itle. This
audio compeonents of the original multimedia tit

i display.
10 scenario editor 100 preferably comprises a isplay.

fer. The
speaker (s}, keyboard, CPU, and socurce stream buf

multimedia
scenario editor 100 is connected to an external

i i data Stl.
bitstream source from which the multimedia scurce

st3, and 8St5 are supplied.

i and
15 The usexr is thus able to reproduce the wvideo

i i usin the
audio components of the multimedia source data g

nerated
display and speaker to confirm the content of the ge

i i e content
title. The user is then able to edit the titcl

i i mouse
according to the desired scenaric using the keyboard, ;

i i i i he content
20 and other command input devices while confirming t

t of this
of the title on the display and speakers. The resul

3 i i ta St7.
multimedia data manipulation 18 the scenario da

i i of
The scenario data st7 1is pasically a set

i d from all
instructions describing what source data 1S selecte

ini j s within
25 or a subset of the source data contalining plural ticle
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encodi ng and user generation of scenario data St7 are executed 15

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

As a result, the multinmedia source data nust be delayed by time Td to 20
synchroni ze the editing process during the actual encoding operation.
Because this delay time Td is limted to the time required to synchronize
the operation of the various system conponents in the case of sequenti al
editing as described above, the sqyr.ce streambuffer is normally achieved
by nmeans 25 of a high speed storage nmedi um such as sem conductor nenory.
-20- During batch editing in which all rmultimedia source data is encoded at
once ("batch encoded"”) after scenario data St7 is generated for the

conplete title, delay tinme Td nust be |ong enough to process the conplete

title or longer. In 5 this case, the sour streamuf foiurpy beca bew
speed, hﬁghﬂe%hb%éiF§m§t8F§d€dWe§Vﬁ§1%%§hE§§ video tape, magnetic disk, or

optical qisk.Jher SiTuUstrE-&ayHe)c0é seeharisedsearerne) séBFEBA=Et PEam

buffer may therefore be determ ned according to the . el @y-tdne « hd
required taml theral | GBwdre ﬁﬁnﬁ?ﬁ%th??ﬁﬁuﬁﬁg??sTﬁgcgﬁ%%ﬁgng s?s%en1

controller 2%0 is connected tq . 4heScendrichLdisttoected ahe peesdrves t he
scenario O%fg Y nere rom Based on the tine-base osi%iop angik%%gth
5 length, and the relative time-based positions ol Ethe €

parts of the respective multimedia scurce data streams st1i,
st3, and St5 to generate the scenarioc data St7.

The scource gtream buffer has a specific capacity,
and is used to delay the multimedia source data streams st1,

10 St2, and 8t5 a known time Td and then output streams &tl, stc3,
and St5.

This delay is reguired for synchronization with the
editor encoding process. More specifically, when data
encoding and user generation of scenario data St7 are executed

15 simultanecusly, i.e., when encoding immediately follows
editing, time Td is required to determine the content of the
multimedia source data editing process based on the scenaric
data St7 as will be described further below. As a result, the
multimedia source data must be delayed by time Td to

20 synchronize the editing process during the actual encoding
cperation. Because this delay time Td is limited to the time
required to synchronize the operation of the various system
components in the case of sequential editing as described
above, the source stream buffer is normally achieved by means

25 of a high speed storage medium such as semiconductor memory.




i nformation of the edit segnent contained in the scenario data 15 St7, the
encodi ng systemcontroller 200 generates the encoding paraneter signals
St9, Stii, and St13 for encoding the edit segnment of the nultimedia source
data. The encoding signals St9, Stil, and St13 supply the paraneters used
for video, sub- picture, and audi o encoding, including the encoding start
and 20 end timng. Note that nultinedia source data Stl, St3, and Sts are
output after delay tine Td by the source stream buffer, and are therefore
synchroni zed to encodi ng paraneter signals St9, Stil, and St13. Mire
specifically, encoding paraneter si.gigal St9 is 25 the video encodi ng
signal specifying the encoding timng of -21- video stream Stl to extract

t he encodi ng segnment fromthe video stream Sti and generate the video
encodi ng unit. Encoding paraneter signal Stll is |likew se the sub-picture
stream encodi ng signal used to generate the sub-picture 5 encoding unit by -
speci fying the encoding., tim for. - pi &n S 1 eann St Bme &hs osbhugee
par aneter signal St 1§u%§n?hg‘aQ%Bd?%"é%%%d?%?%{gnal used to %enerat$ the
audi 0 encogipg v {ncbye8Reeidyda gl ther @mootioded! i #EEPHr SAUUT B3t Foam

StS. Based on the tinme-base rel ationship. betwee he 3.4Q-£NCQLH NBa segsent s
of streanssSeri isSgeremsdest 94 e c‘ﬁ‘{ﬁg}?ﬁ%\é\?égé%ﬂrcée dg?a cont ai ned in

scenario data,sSt7, t encoding. syst ene ceshpokker 280 gerrerkeed=the t¥ning
signal s 51}°§192§,n%§r?(§l St 2%& arrangi ng the encoded mul t{nedia- eacogdedn

5 this case, the scurce stream puffer may

i i isk, or
capacity storage medium such as video tapée. magnetic 4i

optical disk.

The structure (type) of media used for the source
stream buffer may therefore pe determined according to the
10 delay time Td reguired and the allowable manufacturing cost.

The enceding system controller 200 is connected to

] i St7
the scenarioc editor 100 and receives the scenario data

k] L} ] " h
therefrom. Based on ‘the time-base position and lengt

information of the edit segment contained in the scenario data

15 gt7, the encoding system controller 200 generates the gncodlng

i it
parameter signals st9, Stil, and Stil3 for encoding the edi

i ignals
segment of the multimedia source data. The encoding sign

. b-
ste, Stil, and St13 supply the parametexs used for video, su

i i i and
picture, and audio encoding, including the encoding start

i and
20 end timing. Note that multimedia source data Stil, st3,

i eam
st5 are output after delay time Td by the source str

buffer, and are therefore synchronized to encoding parameter
signals St9, Stll, and Stl13.
More specifically, encoding parameterx signal St9 is

. . . - £
25 the video enceoding signal specifying the encoding timing <
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streamin the specified tinme-base relationship. 15 The encodi ng system
controller 200 al so generates the reproduction tine information IT
defining the reproduction time of the title editing unit (video object,
VOB), and the stream encoding data St33 defining the system encode
‘paraneters for nultiplexing the encoded nmultimedia stream 20 contai ni ng
vi deo, audi o, and sub-picture data. Note that the reproduction tinme
information IT and stream encoding data St33 are generated for the video
object VOB of each title in one video zone VZ. The encodi ng system
controller 200 also generates 25 the-title sequence control signal St39,
whi ch declares the -22- formatting paraneters for formatting the title
editing units VOB of each of the streanms in a particular tine-base
relationship as a nultinedia bitstream Mre specifically, the title
sequence control signal St39 is used to control the 5 connections between
the title editing units (VOB) of each, title.l Deq Milelyimzedi af botstheam
MBS, or torictaftrBFrERE %%kné%c%ngafﬁe%%%eﬁ+§%%edgtitIe edi.ting unit
(VOBS) i nperl eaving dhe skt | gnadi gengranet sshOBVEASA uPBCOT &S ofiiction

in
paths. 10 The vi deo encoder 300 is connected tQ,thg SOWKE ssblea@chuis er
of the scematodimgi palra‘_'ﬂeGean(fthd“a(lhes%%?:oﬁisné'lkf)% em control | er 200, and

recei ves therefromthe.vjdeq. qam,.Stl esd gé oG ST 200,
signal St F*Te8Pective :S/Ag?' Q3 3k s e

i imi sub-
5 encoding unit by specifying the encoding. timing for

picture stream St3. Encoding parameter signal sStl13 is the

audio encoding signal used to generate the audio encoding unit

by specifying the encoding timing for audio stream St5.
Based on the time-base relationship between the

10 encoding segments of streams st1, St3, and StS5 in the
multimedia source data contained in scenario data sSt7; the
encoding systenm controller 200 generates the timing signals
st21, St23, and St25 arranging the encoded multimedia-encoded
stream in the specified time-base relationship-

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

20 containing video, audio, and sub-picture data. Note that the
reproduction time information IT and stream encoding data St33
are generated for the video object VOB of each title in one
video zone VZ.

The encoding system controller 200 also generates

i i the
25 the title sequence control signal St39, which decla;es




Encodi ng paraneters supplied by the video encoding signal St9 15 incl ude
the encoding start and end timng, bit rate, the encoding conditions for
the encoding start and end, and the nmaterial type. Possible nmaterial types
i ncl ude NTSC or PAL video signal, and tel ecine converted material. Based
on the video encoding paraneter signal St9, the video encoder 300 20
encodes a specific part of the video stream Stl to generate the encoded
video stream St1S. The sub-picture encoder 500 is simlarly connected to

t he source stream buffer of the scenario editor 100 and to the encoding
system control |l er 200, and receivegat.herefromthe 25 sub-picture stream St3
and sub-picture encodi ng paraneter -23- signal Stii, respectively. Based on
t he sub-picture encoding paraneter signal Stil, the sub-picture encoder
500 encodes a specific part of the sub-picture stream St3 to generate the
encoded sub-picture stream St17. 5 The audi o encoder 700 is al so connected

to the source streambuffer of_the scenarjo editor; 100 andctiagtbgits
encodinngfﬂﬁﬁﬁﬁﬂﬁnﬁﬁﬁ?Qﬁt?ﬁﬁxf%ﬁmf?%%%?%%ggt erefromthe audio stream

Sts and gugi 0 gNCcadichy Rar agpker sSikrghak Sid3, a wharhisuppkri esimReba@fodi ng

start and end tim ng. Based on 10 the audi o encodi ar a . S| St 13,
t he audi wedmeddershimrentonedtimefédi Hid S5 "bf t Cé]p%u %£§%%§%%Egt’s to

gener at e tae qnoaded AUl YRAPSLkYnaMNeckidee sbeaambubhercd0bhes
Connect65 o the

5 connections between the title editing units (VOB) of each
title in the multimedia bitstream MBS, or O control the
sequence of the interleaved title editing unit (VOBs)
interleaving the title editing wunits vOoB of plural
reproduction paths.

10 | The video encoeder 300 is connected to the source
stream buffer of the scenario editor 100 and to the encoding
system controller 200, and receives therefrom the video stream
8tl1 and video encoding parameter signal St3, respectively.
Encoding parameters supplied by the video encoding signal St9

15 include the encoding start and end timing, bit rate, the
encoding conditions for the encoding start and end, and the
material type. Possible material types include NTSC or PAL
video signal, and telecine converted material. Based on the
video encoding parameter signal St9, the video encoder 300

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

The sub-picture encoder 500 is similarly connected
to the source stream buffer of the scenario editor 100 and to
the encoding system controller 200, and receives therefrom the

25 sub-picture stream St3 and sub-picture encoding parameter




vi deo encoder 300 and to the encoding systemcontroller 200. 15 The vi deo
stream buffer 400 stores the encoded video stream St15 input fromthe video
encoder 300, and outputs the stored encoded video stream St15 as the

ti me-del ayed encoded video stream St27 based on the timng signal St21
supplied fromthe encoding systemcontroller 200. 20 The sub-picture
stream buffer 600 is simlarly connected to the sub-picture encoder 500
and to the encoding systemcontroller 200. The sub-picture stream buffer
600 stores the encoded sub-picture stream St17 output fromthe

sub-pi cture encoder 500, and then owgputs the stored encoded 25 sub-picture
stream St 17 as ti me-del ayed encoded sub-picture -24- stream St29 based on
the timng signal St23 supplied fromthe encoding systemcontroller 200.
The audi o stream buffer 800 is simlarly connected to the audi o encoder
700 and to the encoding systemcontroller 5 200. The audi o stream buffer

800 stores the encoded audi o stream S :NRUt  fLOoM L hgiaddk-@ eResdang/00,
and then GRS StHite &EREEFE 1&@&?& sF%%gﬁiég 9 as theﬁ%ine-delayed encoded

audi 0 stream Stk hasechon $der | i tRNg gond oSt 25esuppPFedO0f PBRPERE 2
encodi ng system controller 200. 10 The system enco rBQQ% %éngggggcggg to
t he vi deo sestaiehn bedfter oB0bhesFHPpPEFHNE Sst5EaM but Ter 600, audi o stream

buf fer 800, and t{he encoding. sysiemcepiroller 200,. and is respectively
suppl i ed S y mnfﬁq§ﬁe t1 me-del ayed encoded

5 The audioc encoder 700 is also connected to the
souxrce stream buffer of the scenario editor 100 and to the
encoding system controller 200, and receives therefrom the
audiec stream St5 and audio encoding parameter signal St13,
which supplies the encoding start and end timing. Baged on

10 the audio encoding parameter signal Stl13, the audio encoder
700 encodes a specific part of the audio stream 8t5 to
generate the encoded audic stream Stl9.

The video stream buffer 400 is connected to the
video encoder 300 and to the encoding system controller 20G0.

15 The video stream buffer 400 stores the encoded video stream
St15 input from the video encoder 300, and ocutputs the stored
encoded video stream StlS as the time-delayed encoded wvideo
stream St27 based on the timing signal St21 supplied from the
encoding system controller 200.

20 The sub-picture stream buffer 600 is similarly
connected to the sub-picture encoder 500 and to the encoding
system contreller 200. " The sub-picture stream buffer 600
stores the encoded sub-picture stream st17 output from the
sub-picture encoder 500, and then outputs the stored encocded

25 sub-picture stream Stl7 as time-delayed encoded sub-picture



vi deo stream St 27, tine-del ayed encoded sub-Picture stream 15 St 29,

ti me-del ayed encoded audio stream St31, and the stream encoding data St33.
Note that the system encoder 900 is a nultiplexer that nmultiplexes the

ti me-del ayed streanms St27, St29, and St3l based on the stream encodi ng
data St33 (timng signal) to generate title editing unit (VOB) St35. The
stream 20 encodi ng data St 33 contains the system encodi ng paraneters,

i ncluding the encoding start and end timng. The video zone formatter 1300
is connected to the system encoder 900 and the encodi ng system controller
200 from which the title editing-gait (VOB) St35 and title sequence 25
control signal St39 (timng signal) are respectively supplied. -25- The
title sequence control signal St39 contains the formatting start and end
timng, and the formatting paraneters used to generate (format) a

mul ti media bitstream MBS. The video zone formatter 1300 rearrangeslége
title editing units (VOB),St3 iN Qe \Wideo 17 e VAuppLtiwed sfoeaart

sequence He¥FABRIEHSS (Pe° %é%}Qﬁgégg on'the title sequence control signa
St39 to gepsaahg Lhecedi tedcrulierediod .stream data St43. The nul timedia

bitstream MSS St43 edited according .taq.the user-defiiiad seenrsrmedtsed hen
sent to the recordtheleufieo?t?ﬁggr88%?35}B% 00 °processes the edited

nultinedigos%ﬂgqgﬁégge%égggggwaobhgnaata Shé eane S s farsea™ Gt e

recording fediumm and thus records the fornmatted d sk, 3 Si451460 the
recor di ngzoedi unrhé Nod ko t hareefebPiEEn i Y St°¥e® gla &Y

stream Stl1l9 input from the audic encoder 700, and then cutputs
the encoded audio stream Stlg as ;he time-delayed encoded
audio stream St31 based on the timing signal s£25 supplied
from the encoding system controller 200.

10 The system encoder 900 is connected to the wvideo
stream buffer 400, sub-picture stream buffer 600, audio stream

is
buffer 800, and the encoding system controller 200, and i

respectively supplied thereby with the time-delayed encoded

video stream St27, time-delayed encoded sub-picture stream

15 st29, time-delayed encoded audio stream St3l, and the stream

encoding data St33. Note that the system encoder 900 is a

multiplexer that multiplexes the time-delayed streams st27,

st29, and St31 based on the stream encoding data St33 (timing

signal) to generate title editing unit (VOB) st35. The stream

20 encoding data St33 contains the system encoding parameters,
including the encoding start and end timing.

The video zone formatter 1300 is connected to the

system encedexr 300 and the encoding system controller 200 from

which the title editing unit (VOB) St35 and title sequence

: ied.
25 control signal St39 (timing signal) are respectively supplie
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bitstream MBS recorded to the recordi ng nedium M contains the 15 vol une
file structure VFS, which includes the physical address of the data on the
recordi ng medi um generated by the video zone formatter 1300. Note that the
encoded nultinedia bitstream MBS St35 may be output directly to the
decoder to immediately reproduce 20 the edited title content. It wll be
obvi ous that the output nultinedia bitstream MBS will not in this case
contain the volunme file structure VFS. Authoring decoder DC A preferred
enbodi ment of the authoring decoder DC 25 used to decode the nultinedia
bitstream MBS edited by the -26- authari ng encoder EC of the present

I nvention, and thereby reproduce the content of each title unit according
to the wuser-defined scenario, is described next belowwith reference to
Fig. 3. Note that in the preferred enbodi nent described 5 bel ow the
mul ti media bitstream St45 encoded by the authoring encoder EC is recorded
to the recording nediumM_ As s | Lg. tdae rautfoehegf dewedeinBC
conprisesqgmhﬁPtQﬁbﬁ?&“ﬁpfgt?83%?%@0%%%%%95%%3% scenari o sel ector 2%00,
decodi ng SysSLam coat Lokl eam2360, astr eam birfert LD MK 28T B BEEGAE”
2500, video buffer 2600, sub-picture _buffer 2700 o] f {82808 ne
synchr oni zemeg00s - (febewrt det Siert 3R 2 RS ctur ﬁg'cogg% 3100, audio

decoder 3200, _svnihesizer.350Qns¥kdenedatoleueputiber whaak 3806, &itd Saudi o

i i the
5 in one video zone VZ in the scenarilo sequence defined by

user basged on the title seguence control signal St39 to
generate the edited multimedia stream data St43.
" The multimedia bitstream MBS Sst43 edited according
to the user-defined scenaric is then sent to the recorder
10 1200. The recorder 1200 processes the edited multimedia
stream data St43 tc the data stream St45 format of the
recording medium M, and thus records the formatted data stream
St45 to the recording medium M. Note that the multimedia
bitstream MBS recorded to the recording medium M contains the
15 volume file structure VFS, which includes the physical address
of the data on the recording medium generate@ by the wvideo.
zone formatter 1300.
Note that the encoecded multimedia bitstream MBS sSt35
may be output directly to the decoder toO immediately reproduce
20 the edited title content. It will be obvicous that the output
multimedia bitstream MBS will not in this case contain the
volume file structure VFS.

Authoring decoder DC

A preferred embodiment of the authoring decoder DC

25 used to decode the multimedia bitstream MBS edited by the
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data output term nal 3700. 15 The bitstream producer 2000 conprises a
recording nedia drive unit 2004 for driving the recording nediumM a
readi ng head 2006 for reading the information recorded to the recording
medi um m and producing the binary read signal St57; a signal processor
2008 for variously processing the read 20 signal St57 to generate the
. reproduced bitstream St6l; and a reproduction controller 2002. The
reproduction controller 2002 is connected to the decoding system
controller 2300 fromwhich the nmultinedia bitstreamreproduction contro
signal St53 is supplied, and 25 in dg¢itn generates the reproduction contro
signals St55 and - 2.7 St59 respectively controlling the recording nedi a
drive unit (notor) 2004 and signal processor 2008. So that the
user-defined video, sub-picture, and audio portions of the nultinedia
title edited by the authoring 5 encoder EC are reproduced, the authoring
decoder DC conprises _a scenario_sel ect 2100- f o8k eshi, ngrand:-xiepeivduci ng
t he corr%%b%%g?ﬂa’§%§ﬁ%%ﬂigéélgg)F%%hg&%cenarig sel ector 2100 then
out puts thgpsehaetedid t tesrast sednasaondatialeo whe BBERBALAT dFétot’? DC.

10 The scenario selector 2100 preferably.conprise e, « CPLL cand
noni t or . Eﬁ?ﬁgd?ﬁénEQySﬁﬁFﬁflPhelﬁs@?sfﬁéﬁegP%%ﬁ §b$%%$§%£€$ed scenari o

based on £§6F§9ﬁt ant Qfoddie-nScenar taei pRuicehyctihendutchordry éneodbpsEC,
Baﬁgd on éegow the multimedia bitstream St45 enccded by the authoring
encoder EC is recorded to the recording medium M.

As shown in Fig. 3, the authoring deccdexr ADC
comprises a multimedia bitstream producer 2000, sCenario
seiector 2100, decoding system controller 2300, stream buffer

10 2400, system decodexr 2500, video ruffer 2600, sub-picture
buffer 2700, audio buffer 2800, synchronizer 2900, video
decoder 3800, sub-picture deccder 3100, audio decoder 3200,

synthesizer 3500, video data output terminal 3600, and audio

data cutput terminal 3700.

15 The bitstream producer 2000 comprises a recording
media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to the
recording medium M and producing the binary read signal StS57;
a signal processor 2008 for variously processing the read

20 signal St57 to generxate the reproduced bitstream st6l; and a
reproduction controller 2002.

The reproduction controller 2002 is connected to the
decoding system controller 2300 from which the multimedia
bitstream reproduction control signal st53 is supplied, and

25 in turn generates the reproduction control signals St55 and
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keyboard i nput, the CPU generates the scenario selection data 15 St51
specifying the selected scenario. The scenario selector 2100 is connected
by an infrared comuni cati ons device, for exanple, to the decodi ng system
controller 2300, to which it inputs the scenario selection data St51.
Based on the scenario selection data St51, the 20 decoding system
controller 2300 then generates 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 tenporarily store the
reproduced bitstream 25 St61 input #xomthe bitstream producer 2000,
extract the 28 address information and initial synchronization data SCR
(systemcl ock reference) for each stream and generate bitstreamcontro
data St63. The stream buffer 2400 is also connected to the decoding system
controller 2300, to which it 5 supplies the generated bitstream control
data St63. The synchroni zer 2 ' ed @ ddiefecatiiangir systenit
controlIerS?§80r¥F8ﬁFﬁﬁV8§Yi?ggggg?&ggg?ﬁgkéysten1clock ref erence SCR
cont ai ned iifothe)synehr aniazatianlcprorelssgat £0%Btal to set the interna

system cl ock STC and supply the reset 10 _syst SK SLER ik duie: degadi ng
system control | er 23@9.t*Bﬁéeﬁh%n“FﬁF§%§f§¥§ﬁfg}%%§ St 79, the decodi ng

system controll gr,2300.8b 8¢ e Renaliendihe citnearrisad bighaF BEBRPEINTa
specific i At ervafr —an out puts the read signal 8165(50 tggr DC comprises
5 encoder EC are reproduced, the authoring deco

a scenario selector 2100 for selecting and reproducing the
corresponding séenes (titles) . The scenario selector 2100
then outputs the selected titles as scenario data to the
authoring decoder DC.

10 The scenaric selector 2100 preferably comprises a
keyboard, CPU, and monitoxr. Using the keyboard,rthe usexr then
inputs the desired scenario based on the content of the
scenaric input by the authoring encoder EC. Based on the
keyboard input, the CPU generates the scenario selection data

15 st51 specifying the selected scenario. The scenario selector
2100 is connected by an infrared communications device, feor
example, to the decoding system controller 2300, to which it
inputs the scenarioc selection data St51.

Based on the scenario selection data St51, the

20 decoding system controller 2300 then generates the bitstream
reproduction control signal StS53 controlling the operation of
the bitstream producer 2000. |

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

£ the
25 St61l input from the bitstream producer 2000, extrac




stream buffer 2400. 15 Based on the supplied read signal St65, the stream
buf fer 2400 outputs the reproduced bitstream St6l at a specific interval
to the system decoder 2500 as bitstream St67. Based on the scenario
selection data StSI, the 20 decoding systemcontroller 2300 generates the
decoding 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. Based on the instructions contained in the
decoding 25 signal St69, the system decoder 2500 respectively outputs the
-29- video, sub-picture, and audi o.lpgtstreans i nput fromthe stream buffer
2400 to the video buffer 2600, sub-picture buffer 2700, and audi o buffer
2800 as the encoded video stream St71, encoded sub-picture stream St73,
and encoded audio stream 5 St75. The system decoder 2500 detects the
presentation, tinme stanp PTS and decoding tinme stanp DIS of the small est

cont ol unita il eagh, di.Lalream SLO7 10: gener alghieodi b 1 bl o | een

si gnal s tinme ormation signal St77 10 is supplied to the
synchroni zesy<2980 tdirotigh A teood nForsystaeh centreaim, er aR800gaserhage
synchroni 31 .on contr ol daj a,, 8183,  Baseg, on (bl s, synepLon:Zabi 99 &L ©
data St81,°%%H

connected to the decoding system controller 2300, to which it

5 supplies the generated bitstream control data St63.

The synchronizer 2900 is connected to the decoding
system controller 2300 from which it receives the system clock
reference SCR contained in the synchronization control data
St81 to set the internal system clock STC and supply the reset

10 system clock St7% to the decoding system controller 2300.

Based on this system clock St79, the decoding system
controller 2300 also generates the stream read signal Sté5 at
a specific interval and outputs the read signal Stss‘to the
stream buffer 2400.

15 Based on the supplied read signal Sté5, the stream
buffer 2400 outputs the reproduced bitstream Stél at a
specific interval to the system decoder 2500 as bitstream
Ste7.

Based on the scenario selection data St51, the

20 decoding syétem controller 2300 generates the decoding signal
St69 defining the stream Ids for the video, sub-picture, and
audio bitstreams corresponding to the selected scenario, and
outputs to the system decoder 2500.

Based on the instructions contained in the decoding

25 signal Sté9, the system decoder 2500 respectively outputs the
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synchroni zer 2900 determ nes the decoding start tim ng whereby
bitstreans will be arranged in the correct
t hen generates and inputs the video stream decoding start signal St89 to
t he video decoder 3800 based on this decoding timng. The synchronizer
2900 al so generates and supplies the sub-picture decoding start 20 signal
St9l and audi o stream decoding start signal St93 to the sub-picture
decoder 3100 and audi o decoder 3200, respectively. The video decoder 3800
generates the video output request signal St84 based on the video stream
decoding start signal St89, and.aegtputs to the video buffer 2600. In 25
response to the video output request signal St84, the video -30- buffer
2600 out puts the video stream St83 to the video decoder 3800. The video
decoder 3800 thus detects the presentation tinme information contained in
the video stream St 83, and disables the video out put requ%;;$§%%2%%18t84
when-the length 5 of the received vid t LeameSi B3ut sEequi t he
speci fi ecliiﬁcesémkaﬁ’tﬁf“ﬁ?re.arﬁ\iaﬁg\ég g??%am equal jn_| eggé‘_guffép 1460,
specifiqgug%gg &4 1LQD thicB 1 s ot hus fdeco@ed: R R H80” decoder 3800,
whi ch outputs the reproduced video sk.rwﬂenégigﬁ ,Q deRe symehesi el 3500.
10 The sahdpisatdire Huésdar 399D S5 F&FIy generates the s h-pi céy%g out put
request signal c1St 8uqo_baisceglp@ t_sla@e&bhb-stmﬁuaeddm‘f*@dstaé‘:é[l si gha Bt 91,
and out pBPSCEgt e S Uh-

15 sequence after decodi ng, and

5 sSt75.

The system decoder 2500 detects the presentation_
rime stamp PTS and decoding time stamp DTS of the small%st
control unit in each bitstream Sté7 TLO generate.the time
information signal sSt77. This time information signal 8%77

10 is supplied to the synchronizer 2900 through the deCédlng
system controller 2300 as the synchronization contrel data
o Based on this synchronization control data St8i, the
synchronizer'ZQOO deﬁermines the deceding start timing‘wherebi

15 each of the bitstreams will be arranged in tﬁé corrize
sequence'after deceding, and then generates ané inputs o
video stream decoding start signal St83 to the v1def decosio
3800 based on this decoding timing. The synchronfzer i ”
also generates and supplies the sub-picture decoding S ihe

20 signal st91 and audio stream decoding start signal St9g3 ?o i
sub-picture.decoder 3100 and.audic'decoder 3200, re?pectlve y;

The video decoder 1800 generates the video outpu
request signal st84a based on the video stream decoding staz;
signal St89, and outputs to the wvideo puffer 2600.

i g4, the wvideo
25 response to the video output request signal St84,

each of the




pi cture buffer 2700. In response to the sub-picture output request signal
St 86, the sub-picture buffer 2700 outputs the 15 sub-picture stream St85 to
t he sub-picture decoder 3100. Based on the presentation tine information
contained 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 tine to reproduce and supply to the 20 synthesizer
3500 the sub-picture signal St99. The synthesizer 3500 superinposes the
video signal St104 and sub-picture signal St99 to generate and output the
mul ti-picture video signal St105 te3phe video data output term nal 3600.
-31- The audi o decoder 3200 generates and supplies to the audi o buffer 2800
t he audi o out put request signal St88 based on the audi o stream decoding
start signal St93. The audio buffer 2800 thus outputs the audi o stream
StS7 to the audio 5 decoder 3200. The audi o decoder 3200 decodes a |l ength

of the attﬂlé%éé e SLALGY kesrendindst Pebhesspecid itetk priekentatdaier time
based on the presentation tinme information contained in the audi o stream
St 87, and xaa@ut sThievideodddcaddivo 30k dhustdanetsst hBSaRd~F S RS Bt put

termnal 3700. 10_It is.thus possible t.qQ r oduce. 2 usek=defiped, a
nul ti medi &45% sff‘gﬁ’ﬁ"ﬁ% Fh ?eﬁg?f‘?ﬁg alg%:o’rgglgng&tq% a user- defined
scenari 0. My£ BPLCiHd Galday @agud irentdwe usemals@teet shenditffedangth

Scensarl © c;[fhet?Pet h:?'relcggvggcogféegcsltsreaal?rrl\eSt83 is egquivalent to the
specified presentation time. A video stream equal in length
to the specified presentation time is thus decoded by the
video decoder 3800, which outputs the reproduced video signal
St104 to the synthesizer 3500.

10 The sub-picture decoder 3100 similarly generates the
sub-picture output reqguest signal St8é pased on the sub-
picture decoding start signal sStS1, and outputs to the sub-
picture buffer 2700. In response to the sub-picture output
request signal St8s, the sub-picture buffer 2700 ocutputs thsa

15 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 of the sub-picture stream StB5 corresponding to the
specified presentation time to reproduce and supply to the

20 synthesizer 3500 the sub-picture signal St39.

The synthesizer 3500 supexrimposes the video signal
St104 and sub-picture signal St99 to generate and output the

multi-picture video signal Stl105 to the video data output

terminal 3600.



to reproduce the title content desired by the user in the 15 desired
sequence by reproducing the nultinedia bitstream MBS corresponding to the
sel ected scenario. It is therefore possible by neans of the authoring
system of the present invention to generate a multinedia bitstream
according to plural user-defined scenarios by real 20 tine or batch
encodi ng nul tinedia source data in a nmanner whereby the substreans of the
smal l est editing units (scenes), which can be divided into plural
substreans, expressing the basic title content are arranged in a specific
ti me-base relationship. -32- The mudtinedi a bitstreamthus encoded can
then be reproduced according to the one scenario selected from anong

pl ural possible scenarios. It is also possible to change scenarios while
pl ayback-is in progress, i.e., to select a 5 different scenario and

dynami cally generate a new nultinedia bitstreamaccording to the nost

recently sel ected scepal LQdgiol debSadl S92 POt 05t € dyn eIy ssebeche and
reproduce any of plural scenes while reproducing the title conte

accordi ng apdig @9§ﬁﬁ€d2§@@n&hﬁoawﬁ}qIOW%P%QMﬁ%ﬁ%ﬁ%Fﬁ%@%?%%es5§82%3ﬁ§dof
the authoring ,system of _the presents;iaventian Lo,g0¢0desand nele oabilio

r epr oduce Bt 16 repeé?e%?y reproguce Eﬂ%tlnedla bitstream MBS in

real -ti ne. pArdetaizsoafl drhes anitprt sigesgskethips stirs@mosd@? to the audio

5 decoder 3200. The audic decoder 3200 decodes a'length of the
audio stream St87 corresponding to the specified presentation
time based on the presentation time information contained in
the audio stream St87, and outputs the decoded audio stream
St101 to the audic data output terminal 3700.

10 It is thus possible to reproduce a usexr-defined
multimedia bitstream MBS in real-time accorxding to a user-
defined scenario. More specifically, each time the user
selects a different scenario, the authoring decodexr DC is able
to reproduce the title content desired by the user in the

15 desired sequence by reproducing the multimedia bitstream MES
corresponding to the selected scenario.

It is therefore possible by means of the authoring
system of the present invention to generate a multimedia
bitstream according to plural user-defined scenarios by real-

20 time or batch encoding multimedia source data in a wmanner
whereby the substreams of the smallest editing units (scenes),
which can be divided into plural substreams, expressing the
basic title content are arranged in a specific time-base

relationship.



15 Japanese Patent Application filed Septenber 27, 1996, and entitled and
assigned to the sane assignee as the present application. DVD An exanpl e
of a digital video disk (DVD) with only 20 one recording surface (a
single-sided DVD) is shown in Fig. 4. The DVD recording nmediumRCl in the
preferred enbodinent of the invention conprises a data recording surface
RS1 to and fromwhich data is witten and read by emtting 25 | aser beam
LS, and a protective layer PL1 covering the data -33- recording surface
RS1. A backing layer BLI is also provided on the back of data recording
surface RS1. The side of the disk3on which protective layer PL1 is
provided is therefore referred to below as side SA (commonly "side A"),
and the 5 opposite side (on which the backing layer SL1 is provided) is
referred to as side SB ("side B"). Note that digital video disk recording
nmedi a having a single data recording surface RSl on only one side such as

this DVD recordlngggydlu &S ggggppgymcahhedeacmdqgep%nd@@eélﬁale
| ayer disk. 10 A deta

S 1"ec ustration of area Cl in FI? f ?AB in
Fi tg I |S N&E@o&u@ecﬁ f&ﬂ:cdﬁda:.ﬂ@oms ditvg e fReen RGP 8L FOT TR ﬁy applying a
netallic

in filmor other reflectlve | MO=@Sp asgabaelayercﬁiﬁgeon a
first tradspalerosaiRle4fE8 ANy a pa?%%cular thlckness T1. This first

transparentnarlos while playback.is in progress. i.e. to selec

5 different scenario and dynamically generate a new multimedia
bitstream accoxrding to the most recently selected s;enario.
It is also possible to dynamically select and reproduce a;y
of plural scenes while reproducing the title content according
to a desired scenario.

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

A detail of the authoring system is disclosed

15 Japanese Patent Application filed September 27, 1996, and
entitled and assigned to the same assignee as the present
application.

DVvD
an example of a digital video disk (DVD) with only

20 one recording surface (a single-sided pvD) is shown in Fig.
4.

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

i ta
25 jaser beam LS, and a protective laver PLL covering the da




15 layer 4108 also functions as the protective layer PL1. A second
transparent substrate 4111 of a thickness T2 functions as the backing

| ayer BL1, and is bonded to the first transparent |ayer 4108 by neans of
an adhesive |layer 4110 disposed therebetween. 20 A printing |layer 4112 for
printing a disk |abel may also be disposed on the second transparent
substrate 4111 as necessary. The printing |ayer 4112 does not usually
cover the entire surface area of the second transparent substrate 4111
(backing layer BL1), but only the area needed to print the 25 text and
graphics of the disk |abel. The areaz®t second _34- transparent substrate
4111 to which the printing layer 4112 is not fornmed nmay be |left exposed.
Light reflected fromthe data |ayer 4109 (nmetallic thin film form ng the
data recording surface RS1 can therefore be directly observed where 5 the
| abel is not printed when the digital video disk is viewed fromside SB.

As a result, the, C‘é%.—%%% Qgks i ke i%'lv%‘fl“ﬂﬂf el Wi ghot-hgea
printed text "and graphics oat mﬁ%n the tallitc thin filmis an al um num
thin filmohorheexamid eaf MatNoteedtdrading bsrbaty REtessdhe tide ovfdehehe
printing |ayer 4112 where needed for_printin it .

. (2 g, jand LLis ol psgessary to
provi de t h81FK M GGy & YA bler L 1heT ehttr &5 BIFFacE of T he backrng
layer BL1. r8:detaid ad ibbushrabi anf apreqhmohlll tsbdésar), and the

5 opposite side (on which the backing layer BL1l is provided) is
referred to as side SB ("side B"). Noﬁe that digital wvideo
disk recording media having a single data recording surface
RS1 on only one side such as this DVD recording medium RC1 is
commonly called a single-sided single layer disk.

10 A detailed illustration of area Cl in Fig. 4 is
shown in Fig. 5. Note that the data recoxrding surface RS1 is
formed by applying a metallic thin £ilm or other reflective
coating as a data layer 4109 on a f£irst transparent laYer 4108
having a particular thickness T1. This first transparent

15 layer 4108 also functions as the protective layer PL1. A
second transparent substrate 4111 of a thickness T2 functions
as the backing layer BLL, and is bonded teo the first
transparent layer 4108 by means of an adhesive layer 4110
disposed therebetween.

20 A printing layer 4112 for printing a disk label may
also be disposed on the second transparent substrate 4111 as
necessary. The printing'iayer 4112 dees not usually cover the
entire surface area of the second transparent substrate 4111
{(backing layer BL1l), but only the area needed to print the

25 text and graphics of the disk label. The area of second



15 shown in Fig. 6. Pits and | ands are nolded to the commobn cont act
surface between the first transparent |ayer 4108 and the data |ayer 4109
on side SA fromwhich data is read by emtting a | aser beam LS, and data
is recorded by varying the |lengths of the pits and lands (i.e., the

| ength, of the 20 intervals between the pits). Mre specifically, the pit
and |and configuration formed on the first transparent |ayer 4108 is
transferred to the data | ayer 4109. The lengths of the pits and |lands is
shorter, and the pitch of the data tracks fornmed by the pit sequences is
narrower, than with a 35 conventiongl. conpact Disc (CD) The surface
recording density 1is therefore greatly inproved. Side SA of the first
transparent |ayer 4108 on which data pits are not forned is a flat
surface. The second 5 transparent substrate 4111 is for reinforcenment, and
IS a transparent panel made fromthe sane material as the first
transparent |ayer 4108 with both sides fl at. . Thi SSe6idy lageérl2lare
pr ef er abl y-FR2 =Y C%ﬁ%hf@tapéﬁ'g% %ﬁ’t e ylc(%—f ?%ﬂnﬁ but t%e i nvention
shal | not he s |#dited ndP A6 1eth axfbsedinf obiabrorefderEsd byom the

irradiating the surface wth a | aser beam LS and .de 1sNQ the,LhapRge in
the reflertaityaydrt Helqg gh(tm%’:p'*b]tl.chec’:g'tJ’s’é t lg'mo)bj Eaf%q‘lltﬂvlgg% ens aperture

NA can be | arge.and elangbh dhotekheel bghiirdeahy syrmddrvyed ahdiTs t al
vi deo di sk"3Y3 %lnl]'lgt%%efdl ameter of the 15 Iight spot s used can hig jeduced
to approxiymé elabey kb idreprinted when the digital video disk &

from side SB. As a-Iesult, the background looks like =a

silver-white over which the printed text and graphics flecat

when the metallic thin £ilm is an aluminum thin £fiim, £for

example.
10 - Note that it is only necessary to provide the

printing layer 4112 where needed for printing. and it is not

necessary to provide the printing layer 4112 over the entire
surface of the backing layer BLl.

A detailed illustration of area Cc2 in Fig. 5 is

15 shown in Fig. 6. Pits and lands are molded to the commen

contact surface between the first transparent layer 4108 and

tHe data layer 4109 on side SA from which data is xead by

emitting a laser beam LS, and data is recorded by varying the

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

20 intervals between the pits). Moxe 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 tracks

formed by the pit sequences is narrower, than with a




| i ght spot needed to read a CD. Note that this neans the resolution of the
| aser beam LS in the DVD systemis approximately 1.6 tinmes the resolution
of a conventional CD system 20 The optical systemused to read data from
the digital video disk uses a short 650 nm wavel ength red sem conduct or

| aser and an objective lens with a 0.6 mm aperture NA. By thus also
reduci ng the thickness T of the transparent panels to 0.6 nm nore than 5
GB of data can be 25 stored to one side of a 120 nmm di aneter optical disk.
-36- It is therefore possible to store notion picture (video) inmages having
an extrenmely large per unit data sizg _to a digital video disk system disk
wi thout losing imge quality because the storage capacity of a

singl e-sided, 5 single-layer recording nmedium RC1L with one data recording
surface RS1 as thus described is nearly ten tinmes the storage capacity of
a conventional CD. As a result, while the video presentation tinme of a

convent i onal system is approxi nmat el 4 d bl Ras Palenlsh tvs
sacrlflcedﬂ?¢ﬂ%ﬂﬁ%ﬁ%ﬁ4t@PWﬁ%ﬁﬁ)?ﬂfq 6&' Sdgf%§() Sresentatlon time

exceedi ng tMﬂ#£54@§oggngrggt1§cgﬁge@vga .a DVD The digital video disk is
therefore surted as a recording nmediumfor video

I.5al
vi deo di sk recordi ngsiédi $anadi tthepEarat tI5nFE€6?BFn§a¥urf%§€Bs %@Jrﬂéf?

descri bed ggoa\l/epllstsShaOX'@ notFlgormgd is a flat surface. The second
5 transparent substrate <111 is for reinforcement, and 1is a

transparent panel made from the same material as the first
transparent layer 4108 with both sides flat. Thicknesses T
and T2 are preferably egual and commonly'approximately 0.6 mm,
but the invention shall not be so limited.

10 As with a CD, information is read by irradiating the
surface with a laser beam LS and detecting the change in the
reflectivity of the light spot. Because the objective lens
aperture NA can be large and the wavelength 1 of the light
beam small in a digital video disk system, the diameter of the

15 light spot Ls used can be reduced to approximately 1/1.6 the
light spot needed to read a CD. Note that this means the
resolution of the laser beam LS in the DVD system is
approximately 1.6 times the resolution of a conventional CD
system.

20 The optical system used to read data from the
digital wvideo disk wuses a short 650 nm wavelength red
semiconductox laser and an objective lens with a 0.6 mm

aperture NA. By thus alsc reducing the thickness T of the
transparent panels to 0.6 mm, more than 5 GB of data can be

25 stored to one side of a 120 mm diameter optical disk.




and S. The DVD recordi ng nedium RC2 shown in Fig. 7 conprises two
recording surfaces, i.e., first recording surface RS1 and sem -transparent
second recording surface RS2, on the sane side, i.e. side SA of the disk.
Data can be sinmultaneously 20 recorded or reproduced fromthese two
recording surfaces by wusing different |aser beans LSl and LS2 for the
first recording surface RS1 and the second recording surface RS2. It is
al so possible to read/wite both recording surfaces RS1 and RS2 using only
one of the laser beanms LSl or LS2. Note -37- that recording nedia thus
conprised are called "single-side_zgdual -1ayer disks." It should also be
noted that while two recording sur?aces RS1 and RS2 are provided in this
exanple, it is also- 5 possible to produce digital video disk recording
medi a having nore than two recording surfaces RS. Disks thus conprised are
known as "single-sided, nulti-layer disks." Though conprising two recording

surfaces simlarly _to the recordi ng nedia, shown j j 1o N1 PVD
recording 10 nedi ubf RES SHGWTSIFFi% S8 RAS ?ﬁe sr‘r'erl)clggr g?%glgurgéces “on

opposi te (ﬁ}'iﬁ%éo)o“ iJhQﬁeQi §kvihg 8n HaSddef iTsigdaiar wetording sdrRace
RS1 on side SA and the second data recording surface RS égkgidg SBEIt
will al scdeaobldgiusat hatdehi |disknFysSERS r dFAGPEUFf aces 4T e "SAhGwn on

one L0 Bt} 70 A% g DEErSAUN Eppapiey Lhon st agnediagemrf aces
5 single-layer recording medium RC1 with one data recording
surface RS1 as thus described is nearly ten times the storage
capacity of a conventional CD. &As = result, while the video_
presentation time of a conventional CD system is approximately
74 minutes if image quality is sacrificed, high quality video
10 images with a video presentation time exceeding two hours can
be recorded to a DVD.
The digital video disk is therefore well-suited as
a recording medium for video images.
A digital wideo disk recording medium with plural
15 recording surfaces RS as described above is shown in Figs. 7
and 8. The DVD recording medium RC2 shown in Fig. 7 comprises
two recording surfaces, i.e., £irst recording surface RS1 and
semi-transparent second recording surface RS2, on the same
side, i.e. side SA, of the disk. Data <an be simultaneously
20 recorded or reproduced from these two recording surfaces by
using different laser beams LS1 and 182 for the first
recoxrding surface RS1 and the second recording surface RSZ2.
It is also possible to read/write both recording surfaces RSL

and RS2 using only one of the laser beams LSl or LS2. Note



IR

the recording mediumshown in Fig. 7, it is also possible to provide two
separate | aser beans LS1 and LS2 for recording surfaces RS1 and RS2, or to
read/ wite both recording surfaces 20 RS1 and RS2 using a single |aser
beam Note that this type of digital video disk is called a "doubl e-sided,
dual -layer disk." It will also be obvious that a doubl e-sided digital

vi deo di sk can be conprised wwth two or nore recording surfaces per side.
This type of disk is called a "double- 25 sided, multi-layer disk." -38- A
plan view fromthe | aser beam LS irradiation side of the recording surface
RS of the DVD recording nediumRC {s_shown in Fig. 9 and Fig. 10. Note
that a continuous spiral data recording track TRis provided fromthe
inside 5 circunference to the outside circunference of the DVD. The data
recording track TR is divided into plural sectors each having the sane
known storage capacity. Note that for sinplicity only the data recording

track TR is shown in Fig. 9 with nore than three eﬁé@rsspgéléegahutlon
10 As shemati meEogdigs mestidattd e ST 1T &6 normal Iy forned

cl ockwi se |nS|de to utksg de (see arrow DrA) fromthe i nside end point 1A
at the i fi¥fde @ Cufférence of disk RCA to the ou side end gghggdgagat t he
out si de C|rcunfermmxsmﬁulﬁea@sskhﬂt#P%?% arek ot atT ng

countercl ockwi se RJA. Thi s

it he. resRRAR NTaek SRR e Br S e o enedl bréngle merlé'Osk

5 possible to produce dlgltal wvideo 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 fécording media shown in Fig. 7. the DVD recording
10 medium RC3 shown in Fig. 8 has the recording surfaces on
opposite sides of the disk, i. e.. has the first data
recording surface RSl on side SA and the second data récording
surface RS2 on side SB. It will also be cbvious that while
only two recording surfaces are shown on one digital video
15 digk 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 ig also possible to
provide two separate laser beams LS1 and 1S2 for recording
surfaces RS1 and RS2, or to read/write both recording surfaces
20 RS1 and RS2 using a single laser beam. Note that this type
of digital video disk is called a ndouble-sided, dual-layer
disk." It will also be obvicus that a double-sided digital
video disk can be comprised with tweo oxr more recording

surfaces per side. This type of disk is called a "double-

25 gsided, multi-layer disk."




called a clockw se track TRA. Dependi ng upon the application, the recording
track TRB nay be fornmed cl ockwi se fromoutside to inside 20 circunference
(see arrow DrB in Fig. 10) fromthe outside end point OB at the outside
circunference of disk RCB to the inside end point IS at the inside
circunference of the disk wth the disk RCB rotating cl ockw se RdB.
Because the recording track appears to w nd countercl ockw se when vi ewed
25 fromthe inside circunference to the outside circunference on -39- disks
with the recording track fornmed in the direction of arrow DrB, these disks
are referred to as countercl ockw se_ sgisk RCB with countercl ockw se track
TRB to distinguish them fromdisk RCAin Fig. 9. Note that track
directions DrA and 5 DrB are the track paths al ong which the | aser beam
travel s when scanning the tracks for recording and pl ayback. Direction of
di sk rotation RdA in which disk RCA turns is thus opposite the direction

of track path DrA, and djrect.ion of sk 4 L RdB i R whiich idinsle : REB
turns is thus opposit® L%’jihaen vf(ie‘"(’jif(r)rec’c ic%lr? &fa%ie?lack pat h DrB. An expl oded

vi ew of the singl ersidlatingualriayers disk HRCDVShoweond iFigy meR i FrowF as

disk RC2o in Fig. 11. Note that the recording tracks for t he ;tuwg
recording shevmacts Fid-i A 8pPosice dior'ect’f%‘?'n%t%% c"i‘f?‘é‘é?ﬁ%}‘ggsw%l

cl ockui se recol di pgcLracks TRA,aSISNAMN 1y FigroBidsaformed | nnecl doledidse
direction DrA on the ;('?ower) first data recor.ding

5 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 TR is shown in Fig.
9 with more than three sectors per revolution.

106 As shown in Fig. 9, the data recording track TR is
normally formed clockwise ingide to outside (see arrow DxA)
from the inside end point IA at the inside circumference of -
disk RCA to the outside end point OA at the bgtside
circumference of the disk with the disk RCA rzrotating

15 counterclockwise RdA. This type of disk RCA is called a
clockwise disgk, and the recording track formed thereon is
called a clockwise track TRA.

Depending upon the application, the recording track
TREBE wmay be formed clockwise from outside to inside

20 circumference (see arrow DrB in 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 RdB. Because the
recording track appears to wind counterclockwise when viewed

25 from the inside circumference to the outside circumference on




surface RS1, and a counterclockw se recording track TRB fornmed in
countercl ockwi se direction DrB as shown in Fig. 10 is provided on the
(upper) second data recording surface RS2. 20 As a result, the outside end
points OA and OB of the first and second (top and botton) tracks are at
the sane radial position relative to the center axis of the di sk RC2o.
Note that track paths DrA and DrB of tracks TR are al so the data

read/ wite directions to disk RC. The first and second (top and bottom 25
recording tracks thus wind opposite each other with this disk -40- RC,
i.e., the track paths DrA and DrS g .the top and bottom recording |ayers
are opposite track paths. Opposite track path type, single-sided,
dual -l ayer disks RC20 rotate in direction RdJA corresponding to the first
5 recording surface RS1 with the |aser beam LS travelling along track path
-DrAto trace the recording track on the first recording surface RSI. Wen

t he | aser amLS.re ches the .out si de_gn Lt QA {be di3%8ft RgankES can
be ref ocﬁ%?g St ¢ %hd"1%i A BB ongth%rég}go%ggﬁggorldl nE surface RS2 to

conti nuez1@ots asig)0 dhes< canelbnNgra ackfdromit he Risr stountehel elgvhds
{ecor di nGLeRAERS. TARPARETREGH ANB 11T Sr=Sl TeCahd FEEary Eer sUrT Bees
RS1 and B32.Cq sﬁqhﬁ%p,b%n iF1gt ant angpusd W irfld imaledine st phy Bdhushing the
focus of 15t | aser beam™LS. It is therefore possible bvgatnrs S‘Qaegfos' te
treick pabkB are the track paths along which the laser
when scanning the tracks for recording and plavback.
Direction of disk rotation RAA in which disk RCA turns is thus
opposite the direction of track path DrA, and direction of
disk rotation RAB in which disk RCB turns is thus opposite the
10 direction of track path DxB.
an exploded view of the single-sided, 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

15 clockwise recording track TRA as shown in Fig. 9 is formed in
clockwise direction DrA on the (lower) first data recording
surface RS1, and a countercldckwise recording track TRB formed
in counterclockwise direction DrB as shown in Fig. 10 is
provided on the (upper) second data recording surface RS2.

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

25 recording tracks thus wind opposite each other with this disk




type, single-sided, dual-layer disk RC20 to easily process the recording
tracks disposed to physically discrete top and bottomrecordi ng surfaces
as a single continuous recording 20 track. It is therefore also possible in
an aut horing system as described above with reference to Fig. 1 to
continuously record the nultinmedia bitstream MBS that is the | argest

mul ti medi a data managenent unit to two discrete recording surfaces RS1 and
RS2 on a single recording nedium RC20. -41- It should be noted that the
tracks on recording surfaces RS1 and RS2 can be wound in the directions
opposite those described above, +4@- the countercl ockwi se track TRB may
be provided on the first recording surface RS1 and the 5 cl ockwi se track
TRA on the second recording surface RS2. In this case the direction of
disk rotation is also changed to a clockw se rotation RdB, thereby
enabling the two recording surfaces to be used as conprising a single

conti nuoys. reqor digwe tyacke asadrscoirhednabava Horcis b faedt PERFCR 10
further exanple of this type of disk is therefore neither shown nor
descri bedelelmiing tldveasheret PREPBEELHFE26Y PREESconstructing the digital

vi deo disk to record the nmultj i L tsipean MBsr é osidadf eatdleibgrgt h
title to a single é%ﬁﬁﬁ%é?ﬂ%%éﬁ%ﬁéﬁ t?%%, 15 singl e-si ded, dual_-| ayer
di sk RC2ai et edatedtthice tiypdickctdicgi RiA vodessgrsimgdtentrs EAFFEd a

S| ggl e Sircciaeccti::rcciiuiar!.g; ls?.zyregacedillsskl Vv\gittm %@%Oaiatseerl E:)%%%l E@t Q§avélling along
track path DrA to trace the recording track on the first
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

10 tracing the recording track from the first to the second
recording suxrface 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

15 the laser beam LS.

It is therefore possible with an opposite track path
type, single-sided, dual-layer disk RC20 to easily process the
recording tracks disposed to physically discrete top and
bottom recording surfaces as a single continuous recording

20 track. It is therefore also possible in an authoring system
as described above with reference to Fig. 1 to continuocusly
record the multimedia bitstream MBS that is the largest
multimedia data management unit to two discrete recording

surfaces RS1 and RS2 on a single recording medium RC20.




Anot her exanpl e of the single-sided, dual-layer DVD recording nedi um RC2
shown in Fig. 7 is shown as disk RC2p in 20 Fig. 12. The recordi ng tracks
formed on both first and second recordi ng surfaces RS1 and RS2 are

cl ockwi se tracks TRA as shown in Fig. 9. In this case, the single-sided,
dual -l ayer disk RC2p rotates counterclockwi se in the direction of arrow
‘RdA, and the direction of |aser beam LS travel is the sane as 25 the
direction of the track spiral, i.e., the track paths of -42- the top and
bottomrecording surfaces are nutually parallel (parallel track paths) The
outside end points OA of both top-4nd bottomtracks are again preferably
positioned at the sane radial position relative to the center axis of the
di sk RC2p 5 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 TRA on the first recording surface RSl to

the outside end poi Bt QA Qf1d rBekTRA: aMmibecsecanhdaesondi ngesordang RS2
by appropriately adjusting 10 the focus of the |aser beam LS at outside
end poi nt s@AfaHeweRer, ahdr RERechaske wWeaRrAl $nt §heoALTRFSUSIRF WREL T he

clockwi se_recording track TRA on the second, _recolding.sdikace RS2, rhie
recordingthﬁaﬁu%i 6tﬁ%%€'?§ekﬂﬁ\ﬁﬁfiﬁg h%o%%pos?te direction (cl ockwi se,

opposi t e AaydibeeGidan KA)on Dependiipg o dche-diadi adupbsrei 85lofanthethaser
beam LS, however, it is_inefficient to chan%e the.rotational direction of
t heSrecor Bi-AGFHAGEUNT2EE TREWRT DY PEhESGPEGoREF o =319 :

this case the direction of disk rotation is also changad to
a clockwise rotation RAB, thereby enabling the two recording
surfaces to be used as comprising a single continuous
recording track as described above. For simplification, a
10 further example of this type of disk is therefore neither
shown nor described below.
It is therefore possible by thus constructing the
digital wvideo disk to record the multimedia bitstream MBS for
a feature-length title to a single opposite track path type,
15 single-sided, dual-layer disk RC20. Note that this type of
digital video disk medium is called a single-sided dual-layer
disk with opposite track paths.
Another example of the single-sided, dual-layer DVD
recording medium RC2 shown in Fig. 7 is shown as disk RC2p in
20 Fig. 12. The recording tracks formed on both first and second
recording surfaces RS1 and RS2 are clockwise tracks TRA as
shown in Fig. 9. 1In this case, the single-sided, dual-layer
disk RC2p rotates counterclockwise in the direction of arrow
RdAA, and the direction of laser beam LS travel is the same as

25 the direction of the track spiral, i.e., the track paths of




arrow in Fig. 12, the laser beam LS is therefore noved from the outside
end point OA of the track on the first recording 20 surface RSl to the

i nside 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 top and bottom
recordi ng surfaces as one continuous recording track, 25 it is also
possible to use the recording tracks to record the -43- nultinedia
bitstreans MBS for different titles. This type of digital video disk
recording mediumis called a "singld-sided, dual-layer disk with parallel
track paths.” Note that if the direction of the tracks formed on 5 the
recordi ng surfaces RSI and RS2 is opposite that described above, i.e.,
countercl ockwi se recording tracks TRB are fornmed, disk operation remains
the sane as that described above except for the direction of disk

rotation, h\@'&%' $né! sléwbae 2S00 e D AL BB mil Budheyhprradilng

cl ockwi se or nterc ockmnse recordi ng tracks, the S|g%%e si de g
dual - | ayefpati=skl RCApramiit lpagyerlal | Ehst paERipat eRd (BRAN R top

meII-SU|ted to storin on a S|n Ie dIS gngqdﬁyﬁzgdntH@'
mul ti medi&Rd ﬁ?%ﬁ?%&?gacéﬁefrﬁh 51 l%e?;tq%i? | &S that are frequeﬁ?lm)? and

15 randordaa ALLessed: i MM ﬁépiaﬁﬂeé ubeWnaf ceéheeduakisi dédtéﬁnéFékl BfFéP DVD

I‘ECSOI‘ d ngasmgéggsggdcgg:rley n sor;e:!.sroecc&);sdérnl es raf.lglc(;'\?e YL aisx rczo
shown in Fig. 11, the access point can be instantaneously
shiftred from outside end point OA of track TRA on the first
recording surface RS1 to the outside end point OA of track TRA
on the second recording surface‘Rsz by appropriately adjusting

10 the focus of the laser beam LS at outside end peoint OA.
However, for the laser beam LS to continucously
access the clockwise recording track TRA on the second
recording surface RS2, the recording medium RCZp must be
driven in the opposite directdion (clockwise, opposite
15 direction RAA) . Depending on the radial pesition of the 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
20 surface RS1 to the inside end point IA of the track on the
second recording surface RE2 to use these physically discrete
recording tracks as one logically continuous recording track.
Rather than using the recording tracks on top and
bottom recording surfaces as cone continuous recording track,

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




RSl and RS2 on each side as shown in Fig. 8 is shown as DVD recording
medi um RC3s in Fig. 13. C ockw se recording track 20 TRA is provided on the
one recording surface RS1, and a counterclockw se recording track TRB is
provi ded on the other recording surface RS2. As in the preceding recording
media, the outside end points OA and OB of the recording tracks on each
recordi ng surface are preferably positioned at the sane -44- radi al
position relative to the center axis of the DVD recording nmedi um RC3s.
Note that while the recording tracks on these recording surfaces RSl and
RS2 rotate in opposite directions,43b the track paths are symetrical. This
type of recording nediumis therefore known as a doubl e-si ded dual |ayer
disk with symmetrical track paths. This doubl e-sided dual |layer disk with
symetrical track paths RC3s rotates in direction RdJA when reading/witing
the first recording surface RS1. As 10 a result, the track path on the

second recordi ng.surface RS2 the_o i i hS OPPR§LtLe
directioﬁugéémfglﬁh%é%sgfﬁgmfrggﬁ ﬁfﬁdgggﬁ%%$?§d?§gggfdn %?%% E%%gsgfng
both reaogdiag sudéacess Rl RGP mesiingn asstajledl astrimeber $8leds
therefore not realistic irrespective of whether access is 15 continuous or
non- cont AHBbGS2YRAE Sdd MotE 23R tiTe iz hiRTTF2am MBS is separately

recorded to the regidi RGSULACES ARLNE I I Bl wetons séeres0Ent he
disk. A different exanple of the doubl e-sided single |ayer ]
s the recording surfaces RS1 and RS2 is opposite that described

above, i.e., counterclockwise recording tracks TRB are formed,
disk operation remains the same as that described above except
for the direction of disk rotation, which is clockwise as
shown by arrow RdE.

10 Whether using clockwise or counterclockwise
recoxrding tracks, the single—siaed, dual-layer disk RC2p with
parallel track paths thus described is well-suited to storing
on a single disk encyclopedia and similar multimedia
bitstreams comprising multiple titles that are frequently and

15 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 medium RC3s in Fig. 13. Clockwise recording track

20 TRA is provided on the cne recording surface RS1, and a
counterclockwise recording track TRB is provided on the other
recording surface RS2. As in the preceding recording media,
the outside end points OA and OB of the recording tracks on

each recording surface are preferably positioned at the same




di sk RC3 shown in Fig. 8 is shown in Fig. 14 as disk RC3a. 20 Note that
this disk conprises clockw se recording tracks TRA as shown in Fig. 9 on
both recording surfaces RS1 and RS2. As with the precedi ng recording
medi a, the outside end points OA and OA of the recording tracks on each
recording surface are preferably positioned at the sane radial position
relative 25 to the center axis of the DVD recordi ng nmedium RC3a. Unli ke
-45- the doubl e-sided dual |ayer disk with synmetrical track paths RC3s
descri bed above, the tracks on these recording surfaces RS1 and RS2 are
asymmetrical. This type of disk is44herefore known as a doubl e-si ded dua
| ayer disk with asymetrical 5 track paths. This doubl e-sided dual |ayer
disk with asynmetrical track paths RC3a rotates in direction RdA when
reading/witing the first recording surface RS1. As a result, the track
path on the second recording surface RS2 on the opposite side is opposite

the direct id_g%lDr okl Wiheh i hec 148Ck o 1@ He Ndgntéxre.ax i redt i oheDrBVDThi s
means that it a faser beam LS is driven continuously fromthe inside
ci rcunf ererea ding heedinirsirdfE3 s ci rcunference on the first recording surface

RS1, and then fromthe outside circunfer A dheci-ashkde ehrcunEeeence
on 15 the second ré%%?ﬁiﬁéagur %%%ER gbggﬁggédé%?of the recording nedium

RC3a can e JeatMdbtrer < ‘ualsquhnHURBbhgotBEedixs koraves 1 tarith vE € hboes -

providing different |aser beans for the two sides. The track bpaths;for
r e6or di ngbsurtaees RIFEMIERS2 symmetrical. This type 3 K2 ih@

medium is therefore known as a dcuble-sided dual layer‘disk
with symmetrical track paths. This double-sided dual layer
disk with symmetrical track paths RC3s rotates in direction
RAA when reading/writing the first recording surface RS1l. AS
10 a result, the track path on the second recording surface RS2
on the opposite side is opposite the direction DrB in which
the track winds, i.e., direction DraA. Accessing both
recording surfaces RS1 and RS2 using a single laser beam LS
is therefore not realistic irrespective of whether access is
15 continuous or neon-continuous. In addition, a multimedia
bitstream MBS is separately recorded to the recording surfaces
on the first and second sides of the disk.
A different example of the double-sided single layer
disk RC3 shown in Fig. 8 is shown in Fig. 14 as disk RC3a.
20 Note that this disk comprises clockwise recording tracks TRA
as shown in Fig. 9 on both recording surfaces RS1 and RS2.
As with the preceding recording media, the outside end points
OA and OA of the recording tracks on each recording surface
are preferably positioned at the same radial position relative

25 to the center axis of the DVD recording medium RC3a. Unlike




are also the sane with this doubl e-sided dual l[ayer disk with 20
asymmetrical track paths RC3a. As a result, it is also possible to

read/ wite both sides of the disk without providing separate |aser beans
for each side if the recording nediumRC3a is turned over between sides,
and the read/wite apparatus can therefore be constructed econom cally.
-46- It should be noted that this recordi ng nediumremains functionally

i dentical even if counterclockwi se recording track TRBis provided in

pl ace of clockwi se recording track TRA on both recording surfaces RS1 and
RS2. 5 As described above, the true 4®mtue of a DVD system whereby the
storage capacity of the recording nmediumcan be easily increased by using
a multiple layer recording surface is realized in nultinedia applications
whereby plural video data units, plural audio data units, and plural
graphics data 10 units recorded to a single disk are reproduced through

S interactivehopesabiOnsbibheuaseravdt dssik hereh arenpossidhe toaakhbevles one
| ong- standing desire of software (programm ng) providers, .igecifically,
to provi deRpPBgranarhgedonbeie stBR &325%E5 SFomiecS =T DT E SFTHRT e

Fcons! AR I e eyl et or AL AR, denapen g et opy
Cont ent priwdeher ssofa ndvublandidiedeciudl | @syhavelisk with asymmetrical
5 track paths. This double-sided dual layer disk with
asymmetrical track paths RC3a rotates in direction RdA when
reading/writing the first recording surface RS1l. As a result,
the track path on the second recording surface RS2 on the
opposite side is opposite the direction DrA in which the track
10 winds, i.e., direction Dr=R.

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

15 the second recording surface RS2, both sides of the recording
medium RC3a can be read/written without turning the disk over
and without providing different laser beams for the two sides.

The track paths for recording surfaces RS1 and RS2
are also the same with this double-sided dual layer disk with

20 asymmetrical track paths RC3a. As a result, it is also
possible to read/write both sides of the disk without
providing separate laser beams for each side if the recording

medium RC3a is turned over between sides, and the read/write

apparatus can therefore be constructed economically.




20 conventionally had to produce, supply, and manage the inventory of

I ndividual titles in nultiple | anguages, typically the |anguage of each
distribution market, and nulti- rated title packages conformng to the
parental control (censorship) regulations of individual countries in
Europe and 25 North Anerica. The tine and resources required for this are
-47- significant. While high image quality is obviously inportant, the
programm ng content nust al so be consistently reproducible. The digital
video disk recording nediumis close to 5 solving these problens. Miltiple
angles One interactive operation w def{g/-sought in nultinedia applications
today is for the user to be able to change the position fromwhich a scene
is viewed during 10 reproduction of that scene. This capability is achieved
by nmeans of the nultiple angle function. This nultiple angle function
makes possible applications whereby, for exanple, a user can watch a
basebal | gare from ditferent,angles (Quai thugl poSL!iAsSoidikbe dbiiun
stadiun), and can freéely swich between the views while viewing is in
progress. |aehbissexaopkeiohaalpasébankigaie, evehe afai lcabing B WS

i nclude a position behind the backstagfcen gée%_onéfgég?t eryr Naldla

and pit cher¥eepEdipPonthafiknd™the bRcKRIOH Tent ered on a fiel der, the
pi tcher, recording track TRA on both recording surfaces RS1 and RS2.
5 As described above, the true value of a DVD system

whereby the storage capacity of the recording medium can be
easily increased by using a multiple layer recording surface
ig realized in multimedia applications whereby plural video
data units, plural audio data units, and plural graphics data

10 units recorded t; 2 single disk are reproduced through
interactive operation by the user.

Tt is therefore possible to achieve one long-
standing desire of software {(programming) providers,
specifically, to provide programming content such as a

15 commercial movie on a single recording medium in plural
versions for different language and demographic groups while
retaining the image quality of the criginal.

Parental control

Content providers of movie and video titles have

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

25 North America. The time and resources required for this are



20 and the catcher; and one fromcenter field showng the view to the

pi tcher and catcher. To neet these requirenents, the digital video disk
system uses MPEG the sane basic standard format used with Video-Cds to
record the video, audio, graphics, and other 25 signal data. Because of the
differences in storage capacity, -48- transfer rates, and signal processing
performance within the reproduction apparatus, DVD uses MPER, the
conpression nethod and data format of which differ slightly fromthe MPEGL
format used with Video-Cds. 5 It should be noted that the content of and
di fferences between the MPEGL and.MREG2 standards have no direct
relationship to the intent of the present invention, and further
description is therefore omtted below (for nore information, see MPEG
specifications 1SO 11172 and |1 SO 13818). 10 The data structure of the DVI)
system according to the present invention is described in detail bel ow
wth refar ! I 051,438, - . +iMdlhl Sgenecgent rol A
fully funsé&tglq{(};%léag—lnd;' p?gé%?cg%ggaﬁ%%%%ﬁ%%ktﬁ%% %%affbackyf un%ti on and

mul ti - anglhe scemegplaaytiack f urcttdest nustustenabllect hebeser cppshgdieryr lvhe
systemout put jn mmnor, subtle ways while still presenting substantially

t he same pd‘&é"%ﬁftr)gleaudi o output. If these functions are achi eved by
preparing and recofgh g HeRar at@dd digs srldoHatintg meatiurofid ke cmnyo

5 solving these problems.

Multiple angles

One interactive operation widely sought in
multimedia applications today is for the usexr to be able to
change the position from which a scene is viewed during

10 reproduction of that scene. This capability is achieved by
means of the multiple angle function.

This multiple angle function makes possible
applications whereby, for example, a user can watch a baseball
game from different angles (or virtual positions in the

15 stadium), and can freely switch between the views while
viewing is in progress. In this example of a baseball game,
the available angles. may include a position behind the
backstop centered on the catcher, batter, and pitcher; one
from behind the backstop centered on a fielder, the pitcher,

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

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

25 signal data. Because of the differences in storage capacity,




20 possi ble parental lock and nulti-angle scene playback requests, titles
that are substantially identical and differ in only m nor ways nust be
recorded to the recording nmedium This results in identical data being
repeatedly recorded to the larger part of the recording nedium and
significantly 25 reduces the utilization efficiency of the available
storage -49- capacity. Mre particularly, it is virtually inpossible to
record discrete titles satisfying every possible request even wusing the
massi ve capacity of the digital video disk nedium \Wiile it may be

concl uded that this problemcan be gasily 5 solved by increasing the
capacity of the recording nedium this is an obviously undesirable
solution when the effective use of available systemresources is
considered. Using nulti-scene control, the concept of which is described
in another section below, in a DVD system it is 10 possible to

dynan oal | Y. ¢0BSLr Ut oLl tLes LOLOUTBLAUS VALLAL0n%laddle SATE: basks

cont ent u5|ng e smal T ést pos e anount ta, and thereby
effectlvefgpnbﬁhbzeOhhepp@watmabhsnsws@ennpescurthe 4¢®&n¢d$ngnrm§ﬁmmg .
More specifically, titles that can _be played back with

vari ati ordPAre® o IRt &F f"P&ﬁ'nhbgéfge(cﬁ?r%BHf €c ﬁ‘é’mp'é}i}?%?éggo it ng
dat a commpyef o eaghvthtbecaand multi-scene periods conprising groups of
di fferent scenes corresponding to the various requests. During

regfoduction, the uSér Fhoubfle ks hreeldy &hétat t&A¥y GIRE-XE ecftf pattd cul ar
SCenes fr&f%%@%ences between the MPEG1l and MPEG2 standards have no

direct relationship to the intent of the present inventicn,
and further description is therefore omitted below (for more
information, see MPEG specifications IS0-11172 and IS0O-13818).
10 The data structure of the DVD system according to
the present invention is described in detail_ below with
reference to Figs. 16, 17, 18, 19, 20, and 21.
Multi-scene control
A fully functional and practical parental lock
15 prlayback function and multi-angle scene 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 each of the many
20 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 repeatedly recorded to
the larger part of the recording medium, and significantly

25 reduces the utilization efficiency of the available storage



20 nul ti-scene periods to dynamcally construct a title conformng to the
desired content, e.g., atitle omtting certain scenes using the parental

| ock control function. Note that nulti-scene control enabling a parenta

| ock pl ayback control function and nulti-angle scene playback -50- is
described in another section belowwth reference to Fig. 21. Data
structure of the DVD system The data structure used in the authoring system
of 5 a digital video disk systemaccording to the present invention is
shown in Fig. 22. To record a nmultinmedia bitstream MBS, this digital video
di sk system di vides the recording madi-um into three major recording areas,
the lead-in area LI, the volune space VSl and the |ead-out area LO 10 The
| ead-in area Li is provided at the inside. circunference area of the
optical disk. In the disks described with reference to Figs. 9 ahd 10, the
| ead-in area LI is positioned at the inside end points I A and I B of each
track. Data for, stabilizing_t | on .of; 4 heg Hep cimigodbimpparat us
when r eadFR§ESt A i§°5$i$?€ﬁ§?§95%25re§§-fﬁ;area t?gyThe | ead- out area
LO i s cor respeaicnglordrecatied eat sathe foung dvesiyr BRAFAPEFc &G SFe *8Fti cal

disk, i.e., at outside end points OA and OB of . Lagkah Bkt headisks 20
descri bed Wi et &t 1o %ﬁflﬁVdﬁg gﬁe ?ﬁﬁ%ggggﬁ%ifying

While it may bke concluded that - this problem can be easily

5 solved by increasing the capacity of the recording medium,
this is an ocbviously undesirable solution when the effective
use of available system resources is considered.

Using multi-scene control, the concept of which is
described in another section below, in a DVD system, it is

10 possible to dynamically construct titles for numerous
variations of the same basic content using the smallest
possible amount of data, and thereby effectively utilize the
available system resources {recording medium). ' More
specifically, titles that can be played back with numerous

15 variations are constructed from basic (common) scene periods
containing data common to each citle, and multi-scene periods
’comprising groups of different scenes corresponding to the
various requests. During reproduction, the user is able to
freely and at any time select particular scenes from the

20 multi-scene periods to dynamically construct a title
conforming te the desired content, e.g., & title omitting
certain scenes using the parental lock control function.

Note that multi-scene control enabling a parental

lock playback control function and multi-angle scene playback
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the end of the volune space VS is recorded in this |ead-out area LO The
vol unme space VS is |l ocated between the lead-in area LI and | ead-out area
LO, and is recorded as a one- 25 dinensional array of n+l (where n is an
integer greater than -51- or equal to zero) 2048-byte logic sectors LS. The
| ogic sectors LS are sequentially nunber #0, #1, #2, ... #n. The volune
space VS is also divided into a volune and file structure nanagenent area
VFS and a file data structure area 5 FDS. The volune and file structure
managenent area VFS conprises mtHl logic sectors LS#0O to LS#m (where mis
an integer greater than or equal -tz zero.and less than n. The file data
structure FDS conprises n-mlogic sectors LS #m+l 10 to LS #n. Note that
this file data structure area FDS corresponds to the nultinedia bitstream
MES shown in Fig. 1 and described above. The volunme file structure VFS is
the file systemfor 15 managing the data stored to the volunme space VS as
files, and, he.diyhdedihntaokagic seehops pbosld wikbimogheracn i the .
nunber of”Seciors réquired to store all data needed to nanage the entire
di sk, andzis a natural nunber less than n. Information for the files

stored to the file data stru%tur% 20 area FDS is witten to the volune file
st ruct ur a4 gbEYEiigg of tae DVD SyStel :

The data structure used in the authoring system cf

5 a digital video disk system according to the present invention
is shown in Fig. 22. To record a multimedia bitstream MES,
this digital video disk system divides the recording medium
into three major recording areas, the lead-in area LI, the
volume space VS, and the lead-ocut arsa LO.

10 The lead-in area LI is provided at the inside
circumference area of the optical disk. In the disks
described with reférence to Figs. 9 ahd 10, the lead-in area
LI is positioned at the inside end pcints IA and IB of each
track. Data for stabilizing the dperation of the reproducing

15 apparatus when reading starts is written to the lead-in area
LT.

The lead-out area LO is correspondingly leocated at
the outside ciréumference of the optical disk, i1.e., at
outside end points OA and OB of each track in the disks

20 described with reference to Figs. 9 and 10. Data identifying
the end of the volume space VS is recorded in this lead-out
area LO.

The volume space VS is located between the lead-in
area LI and lead-out area LO, and is recorded as a one-

25 dimensional array of n+l (where n is an integer greater than




to a known specification such as |1 SO 9660 or |1SO 13346. The file data
structure area FDS conprises n-mlogic sectors LS#m - LS#n, each
conprising a video manager VMG sized to an integer nmultiple of the logic
_sector (2048 x I, where -52- | is a known integer), and k video title sets
VTS #1 - VTIS#k (where k is a natural nunber |ess than 100). The video
manager VMG stores the title managenent information for the entire disk,
and information for building 5 a volunme nenu used to set and change
reproduction control of the entire volunme. Any video title set VIS #k is
also called a "video file" represegfing a title conprising video, audio,
and/or still image data. 10 The internal structure of each video title set
VIS shown in Fig. 22 is shown in Fig. 16. Each video title set VTS
conprises VIS information VTSI describing the managenent information for
the entire disk, and the VIS title video objects VOB (VISTT VOBS), i.e.

t he system stream of the_ 1 dla itstrea i nfar VTS
i s described” A1 rstt%efzero f(r%{%iéng y thgl\?TSs tt:%- S. Tfﬁg %Aé’ﬂ:

|nformﬂlg§b¢mrﬁanslﬁrbﬂ@b@ﬂﬂhﬂﬂui3ﬁfﬁumm@magen93t,table NMTSIHMAT Tl
VTSPCGC information table VIS PGCIT. 20 The VTSI nana%enent table VTSI MAT
stores sUEPUTHI GEHART oNSasifh@ iR eFAXNEIEE utPbPe df YOHE™A dBB% i T1E set

structure management area VFE and a file data structure ares
5 FDS.

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

10 to LS #n.

Note that this £file data structure area FDS
corresponds to the multimedia bkitstream MBS shown in Fig. I
and described above. |

The volume file structure VFS is the file system for

15 . managing the data stored to the volume space VS as files, and
is divided into logic sectors LS#0 - LS#m where m is the
number of sectors required to store all data needed to manage
the entire disk, and is a natural number less than n.
Information for the files stored to the file data structure

20 area FDS is written to the volume file structure VFS according
to a known specification such as IS0O-9660 or IS0-13346.

The file data structure area FDS comprises n-m logic
sectors LS#m - LSi#n, each comprising a video manager VMG sized

to an integer multiple of the logic sector (2048 x I, where



VTS, the nunmber of selectable audio streans contained in the video title
set VTS, the nunber of sub-pictures, and the video title set VIS |ocation
(storage address). - 53 The VISPGC information table VIS PGCI T records
(where i is a natural nunmber) program chain (PGC) data bl ocks VIS PGCl #1
- VIS PGCl #i for controlling the playback sequence. Each of the table
entries VIS PGCI #i is a data 5 entry expressing the program chain, and
conprises j (where j- is a natural nunber) cell playback information bl ocks
CPSI #1 - CPBI #j. Each cell playback information block C PSI #
contains the playback sequence of _t:he cell and pl ayback control
information. 10 The programchain PGC is a conceptual structure descri bing
the story of the title content, and therefore defines the structure of
each title by describing the cell playback sequence. Note that these cells
are described in detail below. 15 If, for exanple, the video title set

information relates to the nenus, the video tifle set infornati Sl is
stored t& &Shdf fFEPY™h FHE PP By bR devi Tt Tneh" 6Iaasfl%tf;l?:k{ﬁg%t grli?s. %%F fhe

user thenp6%5as s MENLDULL PNy ORb&y I €885 n&ANEBOD .device, for exanpl e,
during playback, the playback 20 device references the buffer to fetch the

nmenu i nformation arthe drsgeaymehagesp VHENSHPESS fthshet hephBsTarggement
Qaegg;cmfgydréégaoénggk de% %&%ﬂdQ%erQg&aﬂhﬁgékgtﬁgkpkgaibgelﬁlﬁgPGC
5 a volume menu used to set and change reproduction control of
the entire volume.

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

10 The internal structure of each video title set VTS
shown in Fig. 22 is shown in Fig. 16. Each video title set
VTS comprises VTS information VTSI describing the managetment
information for the entire disk, and the VTS title wvideo
objects VOB (VITSTT_VOBS), i.e., the system stream of the

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

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

20 The VTSI management table VTSI_MAT stores such
information as the internal structure of the video title set
VTS, the number of selectable audio streams contained in the

video title set VTS, the number of sub-pictures, and the video

title set VTS location (storage address) .




be displayed, for exanple, by pressing the MENU button, VTS PGClI #2 - #9
may correspond to subnenus accessed using the 25 nuneric keypad on the
renote control, and VIS PGCI #10 and -54- higher may correspond to

addi tional submenus further down the hierarchy. Alternatively, VIS PGCl #1
may be the top nenu displayed by pressing the MENU button, while VIS PGCl
#2 and hi gher may be voi ce gui dance reproduced by pressing the 5
correspondi ng nuneric key. The menus thensel ves are expressed by the plural
program chains defined in this table. As a result, the nenus nmay be freely
constructed in various ways, and shajl. not be l|imted to hierarchical or
non- hi erarchi cal nmenus or nenus 10 containing voice guidance. In the case
of a novie, for exanple, 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 t he progran1chain PCC,

15 and reproduces t Sy?%ggﬁﬁté% rmgklon ng" t%%gbggg ke all

or part of the syst “are used as access*p0|nts uring

pl ayback. (Gelkh%s Ganst behgtarailbaunsed) bebcexanpheinasptire dhechaplerys into
which a title may be divided. 20 Note that each of the PGC informatio
entries Cvﬁ'Lpeﬁg cdit arn PBELPESE| i aytRick SOTGEEdsiimg i ﬁP&rnﬁ%?Kﬁaﬁgd a

cell inf 0%%&%& abl ﬁacﬂ_hgfc%ll'le mﬁmcgnﬁ&'@@gs%@g PGCI #i is a data

5 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 playback information block C_PBI #J
contains the playback sequence of the cell and playback
control information.

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

15 If, for example, the video title set information
relates to the menus, the video title set information VTSI is
stored to a buffer in the playback device when playback
starts. If the user then presses a MENU button on a remote
control device, for example, during playback, the playback

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

25 numeric keypad on the remote control, and VTS_PGCI #10 and
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I nformati on conprises the processing informati on needed to reproduce the
cell, such as the presentation tinme and nunber 25 of repetitions. Mire
specifically, this information includes 5J the cell block node CBM cel
bl ock type CBT, seam ess playback flag SPF, interleaved allocation flag
2A7-, STC resetting flag STCDF, cell presentation time C PBTM seanl ess
angl e change flag SACF, first cell VOBU start address 5 C FVOBU SA, and the
| ast cell VOBU start address C LVOBU SA. Note that seanl ess pl ayback
refers to the reproduction in a digital video disk systemof nultinedia
data including video, audio, and_sgjp-picture data without intermttent
breaks in the data or information. Seam ess 10 playback is described in

detail in another section belowwth reference to Fig. 23 and Fig. 24. The
cell block node CBM i ndicates whether plural cells constitute one
functional block. The cell playback information of each cell in a

functional block is arranged 15 consecut]vely. iy d.hes B d i oOrdmién athe The
cel | bl ockivnee ‘@Mc%?r?%%o?‘%rts‘? accgcf Y, asc“llg:%i1 nformation in this

sequence y £onLakAS .t henvaluaofvdlie, fiTst pGek| #iin nshe bE obke &MP (MU cel |
bl ock node CBM of "the |ast cell Iax@gck infornati%qil%Térgﬁb% ence
Contai ns dheovaved By PRESFASS SEFI VERG RES670I SER L TNE ol 1 bl aek mode
CEM of egﬁgh ell arrayed fetueen ihese.fidgrantddasbycepressongaitise a
val ue i ndic3tThg THat ~ the cell 1s a cell between these first and | ast
cel4s in ¢Batesponding numeric key.

The menus themselves are expressed by the plural
program chains defined in this table. As a result, the menus
may be freely constructed in wvarious ways, and shall not be
limited to hierarchical or non-hierarchical menus oOr menus

10 containing voice guidance.

Tn the case of a movie, for example, the video title

set information VISI is stored to & puffer in the playback

device when playback starts, the playback device references

the cell playback sequence described by the program chain PGC,

15 and reprcduces 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 tictle may ke divided.

20 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 comprises the processing information needed to
reproduce the cell, such as the presentation time and number

25 of repetitions. More specifically, this information includes




bl ock. The cell block type CBT identifies the type of the 25 block

I ndi cated by the cell block node CBM For exanple, when -56- a nultiple
angle function is enabled, the cell information corresponding to each of
the reproducible angles is programmed as one of the functional bl ocks
menti oned above, and the type of these functional blocks is defined by a

value identifying 5 "angle" in the cell block type CBT for each cell in
that bl ock. The seaml ess playback flag SPF sinply indicates whether the
corresponding cell is to be linked and played back seam essly with the

cell or cell Dblock reproduced i medigfely 10 therebefore. To seanl essly
reproduce a given cell with the preceding cell or cell block, the seam ess
pl ayback flag SPF is set to 1 in the cell playback information for that
cell; otherwise SPF is set to 0. The interleaved allocation flag | AF
stores a value 15 identifying whether the cell exists in a contiguous or

I nterl eaved block., If _the cell is rt of .an_interl eayed oc » flag
£ % 1<;;'eklolt fbloc?{ F|nf3de CFB? té:edl.-l Tﬁ%O§$ %g%g Cl:ls)i‘, k.s'eév-@_er_é%:

| AF is set heérwse Is set” C etting flag
i dentifi espynlgbhek t#eagSyiem thietkecledSTaIUsedtion syhalr onhzat isC nust
be reset 20 when the cell is played back; when resetting the systemtine

cl ock STC Fesfktaegaf Y29t FECHTC FReSRETIS G BrEds S-LRITM 4 Fepmiess

angle c¢hange flag SACF, first c¢ell VOBU start address
S C_FVOBU_SaA, and the last cell VOBU start address C_LVOBU_SA.
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. Szsamless
10 playback is described in detail in another section kelow with

reference to Fig. 23 and Fig. 24.

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

15 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 c¢ell in the block, and the
cell biock mode CBM of the last cell playback information in
this segquence contains the wvalue of the last cell in the

20 block. The cell block mode CBM of each cell arxrayed 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. '

The c¢ell block type CBT identifies the type of the

25 block indicated by the cell block mode CBM. For example, when




The seamnl ess angl e change flag SACF stores a value indicating whether a
cell in a nmulti-angle period should be 25 connected seam essly at an angl e
change. If the angle change - 57 is seanl ess, the seam ess angl e change
flag SACF is set to 1; otherwise it is set to 0. The cell presentation

time C_PBTM expresses the cell presentation tinme with video frane
precision. 5 The first cell VOBU start address C FVOBU SA is the VOBU
start address of the first cell in a block, and is also expressed as the

di stance fromthe logic sector of the first <cell in the VIS title VOSS
(VISTT YOBS) as neasured by the _ngrber of sectors. 10 The last cell VOBU
start address C LVOBU SA is the VOBU start address of the last cell in the
bl ock. The value of this address is expressed as the distance fromthe

|l ogic sector of the first cell in the VIStitle VOBS (VISTT VOBS) as
measured by the nunber of sectors. 15 The VIS title VOBS (VISTT VOBS),

i.e., the nultinedia systemstreamdata, .i.s describ ex T em
stream cft @W;"FSP?S/(%@%%H%‘I‘PEE%OF (l\fheei;‘éahileiésj' atclﬁ%lt %rgé?' )&tr?ufrﬁ)%%élgétem

strearms &rg%gnaﬁnw:s hed Sn 1f @heedepPoatcdbltvatigbe shi e atrodEBed Each
vi deo obj ect #1 - VOB #i 20 conprises at |east one vidqg ata?blgck
i nt er | eawedome t GE Uphe t aBc PExh RN X GRE Rt HPRE LRk And 0D TR

naxinun1§g tgggép%8%%£go%% abE%%%ésis defined by a value identifying
5 "angle" in the cell block type CBT for each c¢ell in that
klock.

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

10 therebefore. To seamlessly reproduce a given cell with the
preceding cell or cell block, the seamless playback flag SPF
is set to 1 in the cell playback information for that cell;
otherwise SPF is set to 0.

The interleaved allocation flag IAF stores a value

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

The STC resetting flag STCDF identifies whether the
system time clock STC used for synchronization must ke reset

20 when the cell is played back; when resetting the system time
clock STC is necessary, the STC resetting flag STCDF is set
to 1.

The seamless angle change flag SACF stores a value
indicating whether a cell in a multi-angle period should be

25 connected seamlessly at an angle change. If the angle change




Each video object VOB conprises q (where q is a natural nunber) cells C#l
- C#q. Each cell C conprises r -58- (where r is a natural nunber) video
object units VOBU #1 - VOBU #r. Each video object unit VOBU conpri ses
plural groups_of pictures GOP, and the audio and sub-pictures 5
correspondi ng 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. 10 The structure of the navigation packs NV is
described with reference to Fig. 19.  Before describing the navigation pack
NV, the internal structure of the video zone VZ (see Fig. 22), i.e., the
system stream St 35 encoded by the aut horing encoder EC 15 described with
reference to Fig. 25, is described with reference to Fig. 17. Note that

t he encoded video stream St15 shown in Fig. 17 is the conpressed

one-di mensi onal video data stream encoded by the %i'edeo p?é]ECO.del’ 300. The
encoded audt®d SATERT StHE i TITHRUF ST he TOMT st oie=difeisi onal ‘dudi o
20 data stroammi i plexinogsthecki ght and I eft stereo audio channels
encoded by the audio encoder 700. Note that the audio signal shall not be
limted to a stereo sTgpatellamdemmptad]icn féme FuPBTUHERPET SSEF rothFeddund

si gnal . presentation time with video frame precision.

5 The first cell VOBU start address C_FVOBU_SA is the
VOBU start address of the first cell in a block, and is also
expressed as the distance from the logic sector of the first
cell in the VTS title VOBS (VTSTT VOBS) as measured by the
number of sectors.

10 The last cell VOBU start address C_LVOBU SA is the
VOBU start address of the last cell in the block. The value
of this address is expressed as the distance f£rom the logic
sector of the first cell in the VTS title VOBS (VTSTT_VOBS)
as measured by the number of sectors.

15 The VTS title VOBS (VTSTT_VOBS) , i.e., the
multimedia system stream data, is described next. The system
stream data VTSTT_VOBS comprises i (where i is a natural
number) system streams SS, each of which is referred to as a
"video object"™ (VOB). Each video object VOB #1 - VOB #i

20 comprises at least one video data block interleaved with up
to a maximum eight audioc 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 C#l - C#g. Each cell C comprises r



The system stream (title editing unit VOB) St35 is 25 a one dinensiona
array of packs with a byte size -59- corresponding to the logic sectors LS
#n having a 2048-byte capacity as described using Fig. 22. A stream
control pack 1is placed at the beginning of the title editing unit (VOB)
St35, i.e., at the beginning of the video object unit VCBU 5 This stream
control pack is called the "navigation pack NV', and records the data
arrangenment in the system stream and other control information. The
encoded video stream St15 and the encoded audio stream St19 are packeti zed
in byte units corresponding to the 5510 system stream packs. These packets
are shown in Fig. 17 as packets V1, V2, V3, V4... and Al, A2, A3.... As
shown in Fig. 17, these packets are interleaved in the appropriate
sequence as system stream St35, thus form ng a packet stream wth
consideration given to the decoder buffer size and the tinme 15 required by
t he decoder to expand the video and audi o data _ackets..ég gggueégnpje
shown in FMRETA7T LRe FpatKetT3t rBARPETS VACER ER/ETT n*the® séquende Vi, V2,
A, V3, Ve, .. Note that the sequence shown in Fig. 17 interleaves one
video data unit wth one audio data unit. Significantly 20 increased

recor di ng/ pl ayback Baphci videhi ghbipeed reédr dVAGFpl 8PBREK SSEhd §3érdr nance

improvenents in the signal progcessing LSl _enahlie t hg RVDsystemdtgdLecord
plural affiv®Hat a—2nd %fﬁ%aléggb-p?ﬁfurgkaatgg g?ap%ﬁcs gata%ﬁio one vi deo

5 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
cbject wunit VOBU also starts with an NV pack, i.e., the
control data for that VOBU. '

10 The structure of the navigation packs NV is
described with reference to Fig. 19.
Before describing the navigation pack NV, the
internal structure of the video zone VZ (see Fig. 22), i.e.,
the system stream St35 encoded by the authoring encodexr EC
15 described with reference to Fig. 25, is described with
reference to Fig. 17._ Note that the encoded video stream StlS
shown in Fig. 17 is the compressed one-dimensional video data
stream encoded by the video encocdex 300. The encoded audio
stream Stl9 is likewise the compressed one-dimensional audio
20 data stream multiplexing the right and left stereo audio
channels encoded by the audico encoder 700. Note that the
audio signal shall not be>1imited to a stereo signal, and may
also be a multichannel surround-scund signal.
The system stream (title editing unit VOB) St35 is

25 a one dimensional array of packs with a byte size



data unit in a single interleaved MPEG system stream and 25 thereby enabl e
the user to select the specific audio data and -60- sub-picture data to be
reproduced during playback. The structure of the system stream used in
this type of DVD system is shown in Fig. 18 and described below. As in
Fig. 17, the packetized encoded video stream 5 StiSis shown in Fig. 18 as
VI, V2, V3, V4, ... In this exanple, however, there is not just one
encoded audio stream St19, but three encoded audi o streans St19A, St 19B,
and St19C input as the source data. There are also two encoded sub-
picture streans St17A and St17B inpuig as the source data sub 10 picture
streans. These six conpressed data streans, St15, St19A, St19B, St 19C
St17A and St17B, are interleaved to a single systemstream St35. The vi deo
data is encoded according to the MPEG specification with the

group_of pictures GOP being the unit 15 of conpression. In general, each

group_of _pictures GOP contains 15 frames in the_,case .an NTSG, sd o but
the specite%-peRPRAIBE tPafdE fresied 76" oﬁsé‘ %Dh?férlvg’ri abl e. e

stream Wﬁn@gggfﬁﬂypagkde\gff&ixqfi,éiﬁaggiir@sﬂ@e panagamert-eatateroom ai pealy,
for exanple, the relationship between 20 interleaved data, is _also

i nt er | eaveds aplakedGER e begienyal. cHeddisetthk® gPSapiER pictur §59%0p

unit is based on. the vid dat a, . | 0g Lhe puaber «ofj eddaa: {4 anesUper
GOP unit thaRged fhe it gt%vea?b%qn%%q%tream managenent ~packs.

5 This stream control pack is called the "navigation pack NV',
and records the data arrangement in the system stream and
other contrel information.

The encoded video stream Stl1l5 and the encoded audio
stream Stl19 are packetized in byte units corresponding to the

10 system stream packs. These packets are shown in Fig. 17 as
packets V1, V2, V3, V4... and Al, A2, A3.... &s shown in Fig.
17, these packets are interleaved in the appropriate sgquence
as system stream St35, thus forming a packst stream, with
consideration given to the deccder buffer size and the time

15 required by the decoder to expand the video and audic data
packets. In the example shown in Fig. 17, the packet stream
is interleaved in the seguence V1, V2, Al, v3, V4, AZ2....

Note that the sequence shown in Fig. 17 interleaves
one video data unit with one audic data unit. Significantly

20 increased recording/playback capacity, high speed
receording/playback, and performance improvements in the signal
processing LSI enable the DVD system to record plural audio
data and plural sub-picture data (graphics data) to one video
data unit in a single interleaved MPEG system stream, and

25 thereby enable the user to select the specific audio data and




This interval is expressed in terns of the presentation tinme 25 on the
digital video disk within a range fromO0.4 sec. to 1.0 - 61 sec.
referenced to the GOP unit. If the presentation tine of contiguous plural
GOP units is less than 1 sec., the nmanagenent data packs for the video
data of the plural GOP wunits is interleaved to a single stream 5 These
managenent data packs are referred to as navigation packs NV in the
digital video disk system The data from one navigation pack NV to the
packet immedi ately preceding the next navigation pack NV forns one video
object unit VOBU. In general, oneggontiguous playback unit that can 10 be
defined as one scene is called a video object VOB, and each video object
VOB contains plural video object units VOBU. Data sets of plural video
objects VOB forma VOB set (VOBS). Note that these data units were first
used in the digital video disk. 15 Wen plural of these data streans are

interl eaved, the navigation packs NV defining,the relationship b en the
interl ea%‘éH‘EéERB‘rﬁus‘?a’é?sd‘ooebfant’é‘??’é‘é‘g‘é‘ae%t 2 detT né aﬁ%l%téu 'kno%M%s t he

pack nunpef, upile FACHLOrOMD- OF 4l @5 30RH sniBotfrakl y£ aDumi sysoatai ni ng
approximately 0. 5 sec. of video 20 data, which is equivalent to the

present at#oaheiwneinefdiored s famd Eeacxidgd f'SYand one navi gation pack NV
is generally, intgrleaved wth the NyUIher (qf; ARl RAGKENS: d&sud € ek or

this presentation fi me.

5 Sti5 is shown in Fig. 18 as V1, V2, V3, V4, ... In this
example, however, there is not just one encoded audic stream
St19, but three encoded audio streams Stl9A, St1sB, and StleC
input as the source data. There are also two encoded sub-
picture streams Stl7A and Stl78 input as the source data sub-
10 picture streams. These six compressed data streams, Stl5,
S£19A, Stl9B, StlgC, Sti7a and Stl1l7B, are interleaved to a

single system stream St35.
The videco data is encoded according to the MPEG
specification with the group_of_pictures GOP being the unic
15 of compression. In general, each group_of_ 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 stream management pack, which describes the management
data c¢ontaining, for example, the relationship between
20 interleaved data, is also interleaved at the GOP unit
interval. Because the group_of_ pictures GOP unit is based on
the video data, changing-the number of video frames per GOP
unit changes the interval of the stream management packs.
This interval is expressed in terms of the presentation time

25 on the digital video disk within a range from 0.4 sec. to 1.0




The stream nanagenent information contained in the 25 interleaved video,
audi o, and sub-picture data packets -62- constituting the systemstreamis
described below with reference to Fig. 19 As shown in Fig. 19, the data
contai ned format packed or in the systemstreamis recorded in a
packeti zed according to the MPEQ standard. The packet 5 structure is
essentially the sane for video, audio, and sub- picture data. One pack in
the digital video disk systemhas a 2048 byte capacity as descri bed above,
and contains a pack header PKH and one packet PES; each packet PES
contains a packet header PTH and gﬁta bl ock. 10 The pack header PKH
records the time at which that patk’is to be sent from stream buffer 2400
to system decoder 2500 (see Fig. 26), i.e., the systemclock reference SCR
defining the reference tine for synchronized audi o-visual data playback
The MPEG standard assunes that the systemclock 15 reference SCR is the
reference clock for the entire decoder operation. Wth such disk nedia as
t he di gita¢- vidterdinskd thowWeeePOP tinet panbfdithtPpErTi1elen FHF VW Hual
di sk players, _gan.be ysed, apd.a reference ciogk for fhe, degoder systemis
1 P an 'Fl - tgec .
thereforé %eﬁ%ra?glypprOV|de§. 20“$ﬁe pacget header PTH simlarly contains
a presensBdagonehtnelastzageddsS fnd ahdecddicng ddtne sfanpeDESurdiotFOBS
whi ch are Elaced iin the packet before the access unit
units is interleaved to a single stream.
5 These management data packs are referred to as
navigation packs NV in the digital videc disk system. The
data from one navigation pack NV to the packet immediately
preceding the next navigation pack NV forms one video cbject
unit VOBU. In general, one contigucus playback unit that can
10 be defined as one scene is called a video object VCB, and each
video object VOB contains plural video object wunits VOBU.
Data sets of plural video cbjects VOB form a VOB set (VOBS) .
Note that these data units were first used in the digital
video disk.
15 .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 pack numbex unit. Each group_of_pictures GOP is

normally a unit containing approximately 0. 5 sec. of video
20 data, which is equivalent to the presentation time required
for 12 - 15 frames, and cne navigation pack NV is generally

interleaved with the number of data packets required for this
presentation time.
The stream management information contained in the

25 interleaved wvideo, audico, and sub-picture data packets




(the decoding unit) . The presentation tinme stanp PTS defines the tine at
whi ch the video data or audio data contained in 25 the packet should be

out put as the playback output after being -63- decoded, and the decodi ng
time stanp DTS defines the tine at which the video stream should be
decoded. Note that the presentation tinme stanp PTS effectively defines the
display start timng of the access unit, and the decoding tinme stanp 5 DTS
effectively defines the decoding start timng of the access unit. If the
PTS and DTS are the sane tine, the DIS is omtted. The packet header PTH
al so contains an 8-bit field called_the streamID identifying the packet
type, i.e., 10 whether the packet is“a video packet containing a video
da=a stream a private packet, or an MPEG audi o packet. Private packets
under the MPE& standard are data packets of which the content can be
freely defined. Private packet 1 in this enbodinent of the invention is
used to carry 15 audio data other than the MPEG audio (:,Ia%%,e nq subgpi%Fure
data; privaPESEICREE™ c &MY eSYERETPCE L FEERet 18nd9PSFTpaEKet 2B vETE

packets 1 angd.2.each comrj sqA packebheadesr ighr iyat endabacar eantandedat a
area. The private data area contains an 8-bit sub-stream|ID indicating

whet her theén 26heecarstetn dattasiag atdi orafeeded S@b- Bi cﬁ@?‘éa’élfat%‘:% &idi o
a3, OFT) e LA S RekeLoE B e TRRHRSY SRR Sl LBRSLAO -
5 structure is essentially the same for video, 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 packet PES contains a

packet header PTH and data block.

10 The pack header PKH records the time at which that
pack is to be sent from stream buffer 2400 Lo system decoder
2500 (see Fig. 26), i.e., the system clock reference SCR
defining the reference time for synchronized audio-visual data
playback. The MPEG standard assumes that the system clock

15 reference SCR is the reference clock for the entire decoder
operation. With such disk media as the digital video disk,
however, time management specific to individunal disk players
can be used, and a reference clock for the decoder system is
therefore separately provided.

20 The packet header PTH similarly contains a
presentation time stamp PTS and a decoding time stamp DTS,
both of which are placed in the packet before the access unit
(the decoding unit). The presentation time stamp PTS defines
the time at which the video data or audio data contained in

25 the packet should be output as the playback output after being



pi cture data may be defined as one of up to 32 types #0 - #31. The data
area is the field to which data conpressed 25 according to the MPE&
specification is witten if the stored -64- data is video data; |inear PCM
. AC-3, or MPEG encoded data is witten if audio data is stored; or graphics
data conpressed by runlength coding is witten if sub-picture data is
stored. MPE&X2-conpressed video data nmay be conpressed by 5 constant bit
rate (CBR) or variable bit rate (VBR) coding. Wth constant bit rate
codinc, the video streamis input continuously to the video buffer at a
constant rate. This contrasts w thgvariable bit rate coding in which the
video streamis input intermttently to the video buffer, thereby 10
making it possible to suppress the generation of unnecessary code. Both
constant bit rate and variable bit rate coding can be used in the digital
vi deo di sk system Because MPEG video data is conpressed with variable

‘length codin he_ data gquanti in_each _group ictures GOP .15 is not
constantd%fﬁ%hvéﬁé%n%n%h%u ?%Oé%%%dfhﬁetFg%§pa?§%_§F€%%?? 8ha FAESt Pire- base
rel ati onsiig-rbetneenridwe videaaantGnaAlith Opdalda dozad .f r onoas ajd€akndi sk,
and the tine-base  relationship between the video and audi o data out put

from t he P*FetTHR U0 hotendteRr THE MiRet o= MeTRRS sYPRhfdfAP2RHg 20
the videgand audithgata ﬁﬁetg'@E@;Qr@ng€,SC£ﬁ?eghé nadetaihy behowswith

reference to Fig. 26, but is described briefly below based on constant bit
r aPe codibRf effectively defines the decoding start timing of the

access unit. If the PTS and DTS are the same time, the DTS
is comitted.

The packet header PTH also contains an 8-bit field
called the stream ID identifying the packet type, i.e.,

10 whether the packet is a video packat containing a video daz=z
stream, a private packet, or an MPEG audio packet.

Private packets under the MPEG2 stanaard are data
packets of which the content c¢an be freely defined. Private
packet 1 in this embodiment of the invention is used to carry

15 audioc data other than the MPEG audio data, and sub-picture
data; private packet 2 carries the PCI packet and DSI packst.

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

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

The data area is the field to which data compressed

25 according to the MPEG2 specification is written if the stored



IT——————

The navi gation pack NV structure is shown in Fig. 20. Each navigation pack
NV starts with a pack header PKH, 25 and contains a PCl packet and DS
packet. -65- As described above, the pack header PKH records the tine at
which that pack is to be sent fromstreambuffer 2400 to system decoder
2500 (see Fig. 26 ), i.e., the systemclock reference SCR defining the
reference tine for synchronized 5 audio-visual data playback. Each PCl
packet contains PClI General Information (PCI &) and Angle Information for
Non- seam ess playback (NVSL_AG.lI). The PCl General Information (PCl Q)
declares the 10 display tinme of tg_ first video franme (the Start PTM of
vVOBU (VvOBU S PTM), and the disprl g'ti me of the last video frane (End PTM
of VOBU (VOBU E PTM), in the corresponding video object unit VOBU with
system cl ock precision (90 Khz). The Angle Information for Non-seanl ess

pl ayback 15 (NMSL_AGLI) states the read start address of the corresponding

vi deo object unit VOBU when the angle is changed SX d=he nyrber
of sectorgdd am thieidegians nd igfeath WM déd-obj &Ct %(% % cdgeﬁise there are

nine or fewer angl es i n th exanp Lhere gLepniae alaglaec@dmed
decl ar at 67 &e?® s £ DRYE1 Ra a%a 20 5\58?255 of Angle Cell_#1 for tl Egpam ess

pl ayback by( VRl A 1 dBiMy 19 «Beistt evati O e ulddriess o e"sCe for
Non- seam'ess pl ayback (NMSL AGQ C9 DS

MPEG2-compressed ﬁgeo data may be compressed by

S constant bit rate (CBR) oY variable bit rate (VBR) coding.
With constant bit rate coding, the wvideo stream is input
continuocusly to the video puffer at a constant rate. This

i ] i i e video
contrasts with wvariable bit rate coding in which th

thereby

L L 3 r
gstream is input intermittently to the video buffer,

I i essarxr
10 making it possible to suppress tne generation of unnec Y

code. Both constant bit rate and variable bit rate coding can
be used in the digital video disk system.
Because MPEG video data is compressed with varlable
length coding, the data quantity in each group_of_pictures GOF
18 iz not constant. The videc and audio decoding times also
differ, and the time-base relationship between the video and
audic data read £from an optical disk, and the time-base
relationship between the video and audio data output from the
decoder, do ncot match. The method of time-base synchronlzlng
20 the video and audio data is therefore described in detail
pelow with reference to Fig. 26, put iz described briefly
below based on constant bit rate coding.
The navigation pack NV structure is shown in Fig.

20. Each navigation pack NV starts with a pack header PKH,

25 and contains a PCI packet and DSI packet .




Each DSI packet contains DSI CGeneral Information (DSI_G), Seanl ess

Pl ayback Information (SM._PBI), and Angle 25 Infornation for Seanl ess

pl ayback (SM._AG.lI). -66- The DSI Ceneral Information (DSI_G) declares the
address of the last pack in the video object unit VOBU, i. e., the End
Address for VOB (VOBU EA), expressed as the nunber of sectors fromthe
begi nning of the video object unit VOBU 5 Wile seanl ess playback is
described in detail later, it should be noted that the continuously read
data wunits nust be interleaved (multiplexed) at the system stream |evel
as an interleaved unit ILWin order 450 seanlessly reproduce split or
conbined titles. Plural systemstreans 10 interleaved with the interl eaved
unit ILVU as the smallest wunit are defined as an interleaved bl ock. The
Seam ess Pl ayback Information (SM._PBI) is declared to seam essly
reproduce the streaminterleaved with the interleaved unit ILVU as the

smal | est data unit, and_ 15 contains an Interl eaved it _Fla | LVU f | ag)
i dentifying whether®f HETOTTRIpHA iy \ﬁ’bF’eé’aéﬁT g’&a i F%@gf’s’mﬁ’n e

interl eavaddd QGK.whliten ldndd TR0 iindicAtRS swhet kebn! BervhAeBurobi-eol owni t
VOBU is in an interleaved block, and is set to 1 when it is. Qtherw se the
| LVU fl ag b5 S56t9 R NREP & (Feged ichj €6t ) unitt eVoBBhEsSYRtER clock

i) Savashedhogky Bl bl ) 0L ool aned Lo sats, Mheches e
5 audio-visual data playback.
Each PCI packet contains PCI General Information
(PCI_GI) and Angle Information for Non-seamless playback
{MMSL_AGLI).
The PCI General Information (PCI_GI) declares the
10 display time of the first videc frame {the Start PTM of VOBU
(VOBU_S_PTM) ), and the display time of the last video frame
(End PTM of VOBU (VOBU_E_PTM)), in the corresponding video
object unit VOBU with system clock precision (90 Khz).
The Angle Information for Non-seamless playback
15 (NMSL_AGLI) states the read start address of the corresponding
video object unit VOBU when the angle is changed expressed as
the numbexr 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 cells: Destination
20 Address of Angle Cell £1 for Non-seamless playback
({NMSL_AGL_C1 DSTA) to Destination Address of Angle Cell #2 for
Non-seamless playback (NMSL_AGL_CS_DSTA) .
Bach DSI packet contains DSI General Information
(DSI_GI), Seamless Playback Information (SML_PBI), and Angle

25 Information for Seamless playback (SML_AGLI).



unit ILVU. Because the interleaved unit ILVUis the data unit for
continuous reading, the Unit END flag is set to 1 if the -67- VOBU
currently being read is the last VOBU in the interleaved wunit |LVU.
O herwise the Unit END flag is set to 0. An Interleaved Unit End Address
(ILVLJ_EA) identifying the address of the last pack in the ILWto which 5
t he VOBU bel ongs, and the starting address of the next interleaved unit
| LVU, Next Interleaved Unit Start Address (NT ILWSA), are al so declared
when a video object unit VOBU is in an interleaved bl ock. Both the
Interl eaved Unit End Address (ILVYYgEA) and Next Interleaved Unit Start
Address 10 (NT_ILVU SA) are expressed as the nunber of sectors fromthe
navi gati on pack NV of that VOBU. Wen two system streans are seani essly
connected but the audi o conponents of the two system streans are not
contiguous, particularly imedi ately before and after the 15 seam it is
necessary to pause the audi g output tao synchrani t aydLe hdeo
conponents of the sy3%eRrsSt F@Eﬁﬁggl II&ﬁon%maq_T e ségsn%—ﬁgzt thQ!ﬁg?§QQ e
non- ant iagi&&@hsélhgg Qﬂéaxars%sggtckf E.ﬁniahdi if@éfrﬁbﬁé@imlﬁi@ﬁww'b@nl@- f
recording with the correspondi ng video ocks. Wth an SC signal, for
e cipa SHR e

exanpl e, thre BAdY ISR Sy d BB FR ox iSTRTEISF 58 23 s & €% he

AC 3 a”disoecééé%mfz%&' @hé%é@iﬁﬁ@%g Te enable sthi spjesynchianiams on, audio
reproduction stopping tines"1 and™2, i.e., Audio Stop PTM1 in VOB
5 While seamless playback is described in detail
later, it should be noted that the continuously read data
units must be interleaved (multiplexed) at the system stream
level as an interleaved .unit ILVU in order to seamlessly
reproduce split or combined titles. Plural system streams
10 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 as the smallest data unit, and

15 contains an Interleaved Unit Flag (ILVU flag) identifying
whether the corresponding video object unit VOBU is an
interleaved block. The ILVU flag indicates whether the video
object unit VOBU is in an interleaved block, and is set to 1
when it is. Otherwise the ILVU flag is set to 0.

20 When a video object unit VOBU is in an interleaved
block, a Unit END flag is declared to indicate whether the
video object unit VOBU ié the last VOBU in the interleaved

unit ILVU. Because the interleaved unit ILVU is the data unit

for continuous reading, the Unit END flag is set to 1 if the




(vOB A STP PTML), and Audio Stop PTM2 in VOB (VOB _A STP_PTM2), 25
indicating the tinme at which the audio is to be paused; and - 68 audio
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),

I ndicating for howlong the audio is to be paused, are also declared in
the DSI packet. Note that these 5 tinmes are specified at the system cl ock
precision (90 Khz). The Angle Information for Seam ess playback (SM
AG.l1) declares the read start address when the angle is changed. Note that
this field is valid when seaml ess, nulti- angle control is enabled. This
address is also expressed as 10 the Yunmber of sectors fromthe navi gation
pack NV of that VOBU. Because there are nine or fewer angles, there are
nine angle address declaration cells: Destination Address of Angle Cell
#1 for Seanl ess playback (SM. AG._Cl1_DSTA) to Destination Address of Angle
Cell #9 for seam ess playback 15 (SM. AG. C9 DSTA). Note also that each
title i s edbRedcunregnddy bbjectr=44/CB) timé tlast MAHY day dd e iidEFE 0 RS

(interleaved, title editing unit are .referenced as "VBS' . and the
encoded range" bF¥'Phe 88&??:8’18& ?‘Fs%f“ﬁéc ésgqé:’ogﬁr?gq 3insi ts.e%o %)V% encoder A
preferred enbodi nent aaf arditgitiabvy¥sideoudisk msmydt emdrdws i ng( Eoodex) ECD

in which the nultinmedia bitstream authoring system accordj ng,to the,
present i nv&RTbdAYi8Iappri @@dress of the last pack in the IL to which

5 the VOBU belongs, and the starting address of the next
interleaved unit ILVU, Next Interleaved Unit Start Address
(NT_ILVU_SA), are also declared when a video object unit VOBU
ig in an interleaved block. Both the Interleaved Unit End
Address (ILVU_EA) and Next Interleaved Unit Start Address

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

When two system streams are seamlessly'conneéted.but
the audio components of the two system streams are not
contiguous, particularly immediately before and aftex the

15 seam, it is necessary to pause the audio output to synchronize
the audic and video components of the system stream following
the seam. Note that non-contiguous audio may result f£from
different audio signals being recording with the corresponding
video blocks. With an NTSC signal, for example, the video

20 frame cycle is approximately 33. 33 msec while the AC—; audio
frame cycle is 32 msec.

To enable this resynchronization, audio reproduction
stopping times 1 and 2, i.e., Audio Stop PTM 1 in VOB
(VOB_A STP_PTM1), and Audio Stop PTM2 in VOB (VOB_A_STP_PTM2),

25 indicating the time at which the audio is to be paused; and



to a digital

It will
di gi tal

be obvious that the authoring encoder ECD -69- applied to the
video disk system referred to below as a DVD encoder, is

video di sk systemis described bel ow and shown 25 in Fig. 25.

substantially identical to the authoring encoder EC shown in Fig. 2. The
basi c difference between these encoders is the replacenent in the DVD
ECD of 5 the video zone formatter 1300 of the authoring encoder
above with a VOB buffer 1000 and formatter 1100. It will also be obvious
that the bitstream encoded by this DVD encoder ECD is recorded to a

encoder

di gi tal

video di sk nmedium M The oa;ratlon of this DVD encoder ECD is

therefore described belowin 10 conparison with the authoring encoder
descri bed above. As in the above authoring encoder EC, the encoding

EC

EC

system control | er 200 generates control signals St9, StIl, St13, St2l
St23, St25, St33, and St39 based on the scenario data St7 describing the
user-defined editing instructions 15 input fromthe scenari qgltq£ 100,
and cont#oR°t REPYPAEET18Rc §IEPFIOE, PSIT i tufé encoder” 500" Gnd Atki o

encoder f00qrhM 12 oD ©RE0Ge e ARCE miNot Pantchahdtll&esaaet.edgthnedlﬂdwmm ng
|nstruct|ons in the DVD enc6dér ECD are a superset of the editing

i nst ruct { 6AB_af GRReLBNRNor ingicacdder fRE descldidwed tF0 abbire. ’-%p’é‘%ll?? cally,
the user-defined_edi ting éns%r uc '9{1‘Sthésﬁ§f'§§i&éj@t a@gg d d r@ngg@
i=ony S

encoder

Stmi FaFI § @estri

ource tals selected fromall

supset ofikbe are specified at the system clock precision {80 Khz}.
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20

25

The Angle Information for Ssamless playback
(SML_AGLI) declares the read start address when the angle is
changed. Note that this field is valid when seamless, malti-
angle control is enabled. This address is also expressed as
the number of sectors from the navigation pack NV of that
VOBU. Because there are nine or fewer angles, there are nine
angle address declaratiocn cells: Destination Address of Angle
Cell #1 for Seamless playback (SML_AGL_C1_DSTA) to Destination
Address of Angle Cell #9 for Seamless playback
(SML_AGL_C9_DSTA) .

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

DVD encoder

A preferred embodiment of a digital video disk
system authoring encoder ECD in which the multimedia bitstream
authoring system according to the present invention is applied
to a digital video disk system is described below and shown

in Fig. 25. It will be cbvious that the authoring encoder ECD

or

a




source data containing plural titles within a defined tine 25 period, and
how t he sel ected source data is reassenbled to -70- reproduce the scenario
(sequence) intended by the 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 nulti 5
title source streaminto blocks at a constant tine interval; the nunber of
audi o and sub-picture data cells contained in each stream and the
sub-picture display tinme and period; whether the title is a nulti-rated
title enabling parental |ock control; whether the user content is selected
fromplural 10 streans incl uding, fb?gexanple, mul tiple view ng angles; and
t he net hod of connecting scenes when the angle is switched anong the

mul tiple view ng angles. The scenario data St7 of the DVD encoder ECD al so
contains control information on a video object VOB unit basis. 15 This
information is required to encode the nedia source stream and specifically
i ncl udes sﬂ@hliﬁﬁoFWB¢Mmﬁd¥giMﬁﬁruﬂdthéiekasEsnahtipbéean@bexqmbq%m@ntal

control featur V%en mul tj pl e .an em n t he S enari o
data St7 a 1°;so eéc%%t ai Ns ?]ﬁe e%co |ntgarb'ﬁa]r’a¥ lg%ernteja%%f)sti &4 GOt Herthg

data 20 i neetcdeayi mg asrbdheifi $.gcapaci t Yhet heasiar §iapdrendet id@Svei
each control, and whether a seanl ess connection should be made between the
precedi ng BHET of FERARG SsiiFede AR aRTRR Nl B yshenP¥BnersPrer B0 of

extraict s tdws videoc zone formatter 1300 of the authoring encoder EC
above with a VOB buffer 1000 and formatter 1100. It will alse
be obvicus that the bitstream encocded by this DVD encoder ECD
is recorded to a digital wvideo disk medium M. The cperation
of this DVD enccoder ECD is therefore described below in

10 compariscn with the authoring encoder EC described above.
Az in the above authoring encoder EC, the encoding
system controller 200 generates control signals St9; sSt11,
Stl1l3, S5t21, S8St23, 8t25, St33, and St39 based on the scenario
data St7 describing the user-defined editing instructions
15 input from the scenaric editor 100, and controls the video
encoder 300f sub-picture encoder 500, and audioc encoder 700
in the DVD encoder ECD. Note that the user-defined editing
instructions in the DVD encoder ECD are a superset of the
editing instructions of the authoring encoder EC described

20 above.

Specifically, the user-defined editing instructions
(scenario data St7) in the DVD encoder ECD similarly describe
what source data is selected from all or a subset of the
source data containing plural titles within a defined time

25 period, and how the selected source data is reassembled to



information fromthe scenario data St7, and generates the 25 encoding
information table and encodi ng paraneters required -71 for encoding
control. The encoding information table and encoding paraneters are
described with reference to Figs. 27, 28, and 29 below. The stream
encodi ng data St33 contains the system 5 stream encodi ng paraneters and
system encodi ng start and end 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 before and
after, the number of audio streans,_the audio encoding 10 information and
audi o Ids, the nunber of sub- plctur% “and the sub-picture Ids, the video
pl ayback starting tine information VPTS, and the audi o playback starting
time information APTS. The title sequence control signal St39 supplies the
mul tinmedia bitstream MES formatting start and end timng 15 information
and formatting paraneters declaring the reproduction control information
and |nter#%%ﬁ%dPﬁFoFﬁﬁtF@ﬁnarBasééeGHePﬁ€)VP@é@néﬁ@bdhhgﬂﬁaﬂHﬁ%Eer'@hﬁ
enCOdI ng Sééﬁéié.SHQattl 5?397 Sélgn@iﬁle F%’D tehiecovéecLeoEggcoggtveggg' e

specific part of the video stream Stl to generate an el enéntary §%ream
conf or m ngptoathe a@E@ZLMEdﬁ@asimch&f d tiefiunetet i SExrEFBI8.coHtsined

elenenta(% strea s, output to the.  video stream buffer 400 as encoded
vi deo st rEam'& M%W WHPH-ERt RESVP BRI BAG I S B0Y" gt rares G
5 title source stream into blocks at a constant time interval;

the number of audioc 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 contrdl; whether the user content is selected from plural
10 streams including, for example, multiple viewing angles; and
the method of connecting scenes when the angle is switched
among the multiple viewing angles.
The scenario data St7 of the DVD encoder ECD also
containsg control information on a video object VOB unit basis.
15 This information is required to encode the media source
stream, and specifically includes such information as whether
there are multiple angles or parental control features. When
multiple angle viewing is enabled, the scenario data St7 also
contains the encoding bit rate of each stream considering data
20 intexleaving and the disk capacity, the start and end times
of each control, and whether a seamless connection should be
made between the preceding and following streams.
The encoding system controller 200 extracts this
information from the scenario data St7, and generates the

25 encoding information table and encoding parameters regquired



el ementary streamconformng to the MPEQ Vi deo standard 25 defined in

| SO 13818, specific encoding paraneters are input 72 via the video
encodi ng paraneter signal St9, including the encoding start and end
timng, bit rate, the encoding conditions for the encoding start and end,
the material type, including whether the material is an NITSC or PAL video
signal 5 or telecine converted nmaterial, and whether the encoding node is
set for either open GOP or closed GOP encoding. The MPE& coding nethod is
basically an interframe coding nethod using the correlation between frames

for maxi mum signal conpression, i.e., the frame being coded (the target 10
frane) is coded by referencing franes before and/or after the target
frame. However, intra-coded franmes, i. e. , frames that are coded based

solely on the content of the target franme, are also inserted to avoid
error propagation and enable accessibility frommd-stream (random
access). The coding 15 unit containing at |east one intta-codgglérag%

("i nt r a- Epamedy codsngaldosd v lgr ouphef A EOFPTRAGHGM B pT cfilifes coP

in which codi is _closed ¢ I Y Whihi Db hat e LB ES kbdigAs a7 cl osed
QoP. 11 ﬁncﬁFggﬁigﬁfﬁfgﬁﬁ?gé%%%bg%g%téining a franme coded with reference 20

to a frame,i i peasstisag. or followng (1SO 13818 DOES NOT' LIMT P- and

B-picture CODING to referencing PAST fr S) r,0 Qi ot uges kS an
"open GOP." It is t?&ﬁe?%?%amp%§§9 Fggtgggﬁafﬁggk%gﬁg%%ggﬁ %CP SgFES only

thgt GCPstream 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 before and
after, the number of audio streams, the audio encoding
10 information and audio Ids, the number of sub-pictures and the
sub-picture Ids, the video playback starting time information
vPTS, and the audio playback starting time information APTS.
The title sequence control signal St39 supplies the
multimedia bitstream MBS formatting start and end timing
15 information and formatting parameters declaring the
reproduction ceontrol information and interleave information.
Based on the video encoding parameter and encoding
start/end timing signal sSt9, the video encoder 300 enccodes a
specific part of the video stream 8tl1 to generate an
20 elementary stream conforming to the MPEG2 video standard
defined in ISO-13818. This elementary stream is output to the
video stream buffer 400 aé encoded video stream Stl5.
Note that while the video encoder 300 generates an
elementary stream conforming to the MPEGZ video standard

25 defined in IS0-13818, specific encoding parameters are input




Repr oduci ng an open GOP, however, also requires the presence - 73 of the
referenced GOP, generally the GOP preceding the open GOP. The GOP is often
used as the access unit. For exanple, the GOP may be used as the playback
start point for 5 reproducing a title fromthe mddle, as a transition
point in a novie, or for fast-forward play and other special reproduction
nodes. Hi gh speed reproduction can be achieved in such cases by
reproducing only the intra-frame coded franes in a GOP or by reproducing
only franmes in GOP units. 10 Based on the sub-picture stream encodi ng
paranmeter signal Stll, the sub-pictye encoder 500 encodes a specific

part of the sub-picture stream St3 t0 generate a variable |ength coded
bitstream of bitnapped data. This variable Iength coded bitstreamdata is
out put as the encoded sub 15 picture stream St17 to the sub-picture stream
buffer 600. Based on the audi o encodi ng paraneter signal St13, the audio
encoder 700 encodes a specific part of the audio stream Sts _to, .generate
the encodediaulihe FHGEC THRSORRESIPRT3NRHY Rt FH FhyShe ' ddr’s Wy ot he
MPEGL audi rd defiped_jin | 11172 ther MPEGh audig-sd angar d
defi ned iné)n’?‘%%f‘?gelﬁ?g%& 3£%§di%ﬁ%at§%%l}épw@?€PG\/y data. Note that the
met hods ancbmeansont Sacodhagenudiindastagccandi egdt c-hiharr-esiahdaes: are
known and commnl ¥ ayaLLARL e, I YL 959, StLoan HEE s, 400 151 SEONBLEh 1O

5 or telecine converted material, and whether the encoding mode

is set for either open GOP or closed GOP enceding.

The MPEG2 coding method is basicallylan interframe
coding method using the correlation between frames for maximum
signal compression, i.e., the frame being coded (the target

10 frame) is coded by referencing frames bgfore and/or after the
targett frame. Howevey, intra-coded frames, i. e. , frames
that are coded based solely on the content of the target
frame, are also inserted to avoid error propagation and enable
accessibility from mid-stream (random access). The coding

15 unit containing at least one intra-coded frame ("intra-frame")
is called a group_of_pictures Gof.

A group_ of_ pictures GOP in which coding is closed
completely within that GOP is known as a "olosed GOP. rooon
group_of_ pictures GOP containing a frame coded with reference

20 to a frame in a preceding or following (ISO-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 c¢losed GOP using only that GOP.

Reproducing an open GOP, however, also reqguires the presence



25 video encoder 300 and to the encoding systemcontroller 200. - 74 The
vi deo stream buffer 400 stores the encoded video stream St15 input from

t he video encoder 300, and outputs the stored encoded video stream St15 as
the tinme-del ayed encoded video stream St27 based on the timng signal St21
supplied fromthe 5 encoding systemcontroller 200. The sub-picture stream
buffer 600 is simlarly connected to the sub-picture encoder 500 and to
the encoding systemcontroller 200. The sub-picture stream buffer 600
stores the encoded sub-picture stream Stl7 input fromthe sub 10 picture
encoder 500, and then outputs the sypred encoded sub- picture stream St17
as tine-del ayed encoded sub-picture stream St29 based on the timng signal
St 23 supplied fromthe encoding systemcontroller 200. The audi o stream
buffer 800 is simlarly connected 15 to the audio encoder 700 and to the
encodi ng systemcontroller 200. The audio stream buffer BOO stores the
encoded aq%io strgan18t|9 %¥$yt fromthe audi o_encoder 7Q0, and then
outputs The"BRcEGEFTERFES eaf SR HY t e t Frie- BePS§8d " En e PP Hudi o
stream St&dp based on the timng signal St25 supplied 20 fromthe encoding
system control l er 200. The system encoder 900 is connected to the video
stream buffer 400, %hb- R ure stteamwbidd eps60Ue agdF6ssSt reahs - buffer 800

and the encading, synl edbsopLroblel.290, .apd. 51 . 3080 L ey SRRl 144

t hereby wt e tine- ayed encode
5 reproducing a title from the middle, as a transition peint in
a movie, or for fast-forward play and other special
reproduction modes. High speed reproduction can be achieved

in such cases by reproducing only the intra-frame coded frames
in a GOP or by reproducing only frames in GOP units.

10 Based on the sub-picture stream encoding parameter
signal Stll, the sub-picture enceder 500 encodes a specifie
part of the sub-picture stream St3 to generate a variable
length coded bitstream of bitmapped data. This variabkle
length coded bitstream data is output as the encoded sub-

15 picture stream Stl7 to the sub-picture stream buffer 600.

Based on the audio encoding parameter signal Stl13,
the audic encoder 700 encodes a specific part of the audio
stream St5 to generate the encoded audic data. This encoded
audio data may be data based on the MPEGl audio standard

20 defined in IS0-11172 and the MPEG2 audioc standard defined in
IsO0-13818, AC-3 audio data, or PCM {(LPCM) data. Note that the
methods and means of encoding audio data according te these
standards are known and commonly available.

The video stream buffer 400 is connected te the

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



25 video stream St27, time-del ayed encoded sub-picture stream-75- St29,

ti me-del ayed encoded audio stream St31, and the system stream encodi ng
paranmeter data St33. Note that the system encoder 900 is a nultiplexer
that nmultiplexes the tinme-delayed streanms St27, St29, and St31 based on
the stream encoding data 5 St33 (timng signal) to generate title editing
units (VOBs) St35. The VOS buffer 1000 tenporarily stores the video

obj ects VOBs produced by the system encoder 900. The formatter 1100 reads
t he del ayed video objects VOB fromthe 10 VOB buffer 1000 based on the
title sequence control signal St39,to generate one video zone VZ, and adds
the volune file structure VFS to generate the edited nultinedia stream
data St43. The nmultinedia bitstream MBS St43 edited according 15 to the
user-defined scenario is then sent to the recorder 1200. The recorder 1200
processes the edited nultinmedia streamdata St43 to the data stream St45

f or mat t he, .recordi ng nmedi um and thus records the formtted data
Soroam a5 EeEnE R ATt et i NECDYE OV dRECRFIA I B e AT

enbodi nest19fi@pdt gE+ah ¥hdep: diskensysd£m el hold RE: EREMIIhPER JAedvhi ch
the nultinmedia bitstream authoring systemof the present invention is
appl i ed ¥¥Fe e JiEar FtEEE™i K Sy3T ehi e st #escirberreBePaRCdnd IHGRA? in

Fig- stream St27 based cn the timing signal St21 supplied from the
5 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. Thé sub-picture stream buffer £§00
stores the encoded sub-picture stream Stl7 input from the sub-

10 picture encoder 500, and then outputs the stored encoded sub-
pPicture stream St17 as time-delayed encoded sub-picture stream
St29 based on the timing signal 8St23 supplied from the
encoding system controlier 200. |

The audio stream buffer 800 is similarly connected

15 to the audio encoder 700 and to the encoding system controller
200. The audic stream buffer B00 stores the encoded audio
stream St1l9 input from the audio encoder 700, and thén outputs
the encoded audioc stream St1% as the time-delayed encoded
audio stream St31 based on the timing signal St25 supplied

20 from the encoding system controller 200.

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

25 videc stream St27, time-delayed encoded sub-picture stream




25 26. The authoring decoder DCD applied to the digital video -76- disk
system referred to below as a DVD decoder DCD, decodes the multinedia
bitstream MBS edited using the DVD encoder ECD of the present invention,
and recreates the content of each title according to the user-defined
scenario. It will also 5 be obvious that the nultinmedia bitstream St45
encoded by this DVD encoder ECD is recorded to a digital video disk nmedi um
M  The basic configuration of the DVD decoder DCD according to this

enbodi nent is the sane as that of the authoring decoder DC shown in Fig.

3. The differences are 10 that a different video decoder 3801 (shown as
3800 in Fig. 26) is used in place of°the video decoder 3800, and a
reordering buffer 3300 and sel ector 3400 are di sposed between the video
decoder 3801 and synt hesi zer 3500. Note that the selector 3400 is connected
to the 15 synchronizer 2900, and is controlled by a switching signal :
St 103. The operation of this DVD decoder DCD is therefore _described bel ow
i n conpar 688 . wictinet-e Lavteso sinnp et ot DE E AT r§hel adv et 205 BE*EHown
in Fig. 26, _the DVD decoder DCD conpri.ses mul t§ [ it StLam proegucer
2000, sceﬁ%FFgmsﬁﬂﬁ:é%ngmfﬁfamﬁggﬁdﬁﬁégsf§%€H1coﬁ??gl?g? 2300,a§¥ream
buf f er 248Qccsyst eon tecoaen tapl@xer dearbufiieip2686s shb-pieeudeldvefer
2700, audio buffer 280g, synchroni zer 2900, video decoder_ 38

streams St27, 8t25, and St31 based on the s ream.encogihg data
5 S5t33 (timing signal) to generate title editing units (VOBs)
l St35.

The VOB buffer 1000 temporarily stores the video
objects VOBs produced by the system encoder 900. The
formatter 1100 reads the delayed videc objects VOB from the

10 VOB buffer 1000 based on the title sequence control signal

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

structure VFS to generate the edited multimedia stream data

St43.
The multimedia bitstream MBS St43 edited according
15 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 St4s5 format of the
recording medium M, and thus records the formatted data stream
St45 to the recording medium M, -
20 DVD_deccodexr

A preferred embodiment of a digital video disk
system authoring decoder DCD in which the multimedia bitstream
authoring system of the present invention is applied to a
digital video disk system is described below and shown in Fig.

25 26. The authoring decoder DCD applied to the digital wvideo



25 reordering buffer 3300, sub-picture decoder 3100, audio -77- decoder
3200, sel ector 3400, synthesizer 3500, video data output term nal 3600,
and audi o data output term nal 3700. The bitstream producer 2000 conprises
a recording nedia drive unit 2004 for driving the recording mediumM a 5
readi ng head 2006 for reading the information recorded to the recording
medi um M and producing the binary read signal St57; a signal processor
2008 for variously processing the read signal St57 to generate the
reproduced bitstream St61; and a reproduction controller 2002. 10 The
reproduction controller 2002 is conry cted to the decoding system
controll er 2300 from which the mulfi‘fredia bitstreamreproduction control
signal St53 is supplied, and in turn generates the reproduction control
signals St55 and St59 respectively controlling the recording nmedia drive
unit 15 (nmotor) 2004 and signal processor 2008. So that the user-defined
vi deo, sub-picture, and audio portions of the nultinedia title edited by

t he authoﬁlﬁ§ JRfeder IRErEed i duket, 2% e (R R FrgctcBBBer dpeodes
conprises.;a %%Q@Jnle%a.%elchtt Y- e%ﬂ;noglafsofedi‘ileﬁch' 39, ?a glg%ogﬁﬁbﬁgrt Rep20

correspondi ng scenes (titles e scenario se en out puts the
sel ect ed pﬁﬂuheegrssemarimvdataono thé b¥bBredtescdahdDCyntdmet ScEnaribh

sel ector 210 pref el abl ¥, coPLhses. g, -Kerheard, (oY, and mpoi Lo, Lging the
5 be cbvious that the multimedia bitstream St4S encoded by this
DVD encoder ECD is recorded to a digital video disk medium M.

The basic configuration of the DVD decoder DCD
according to this embodiment is the same as that of the
éuthoring decoder DC shown in Fig. 3. The differences are

10 that a different video decoder 3801 {shown as 3800 in Fig. 26)
is used in place of the video decoder 3800, and a reordering
buffer 3300 and selector 3400 are disposed between the video
decoder 3801 and synthesizer 33500.

Note that the selector 3400 is connected to the

15 synchronizer 2900, and is controlled by a switching signal
Stio03.

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

20 As shown in Fig. 26, the DVD decoder DCD comprises
a multimedia bitstream producer 2000, scenario selector 2100,
decoding system contxoller 2300, stream buffer 2400, system
decoder 2500, video buffer 2600, sub-picture buffer 2700,
audic buffer 2800, synchronizer 2500, video decoder 3801,

25 reordering buffer 3300, sub-picture decoder 3100, audio



25 inputs the desired scenari o based on the content of the _78_ scenario

I nput by the DVD encoder ECD. Based on the keyboard input, the CPU
generates the scenario selection data StSI specifying the selected
scenario. The scenario selector 2100 is connected to the decodi ng system
controller 2300 by an 5 infrared comuni cations device, for exanple, and

I nputs the generated scenario selection data St-51 to the decodi ng system
controller 2300. The stream buffer 2400 has a specific buffer capacity
used to tenporarily store the reproduced bitstream 10 St6l input fromthe
bi t stream producer 2000, extract the volunme file structure VFS, the initial
synchroni zation data SCR (system cl®ck reference) in each pack, and the
VOSU control information (DSI) in the navigation pack NV, to generate the
bitstream control data St63. The stream buffer 15 2400 is al so connected to
t he decodi ng systemcontroller 2300, to which it supplies the generated
bitstream control data St63. Based on the scenario selection data St51
suppl i ed ducdderscendar,i ossbtector 32000, $hetdesddeng 35t envédaer glater 20

2300 then generates the bitstreamreproductjon contraql .signal_-St
control | i M HHeE oh8FREPBH 3F °Lhe 37t §HFdEm 536@%P4§Mﬁféhﬁm%§dgg%%ing

system control | er 239Qeab30seXkhactisddia-disesoodletonpdi pbaybaatedastinget i on
data fromthe bitstream reproduction control signal St53, and generates
t he decomqﬁﬁia drive unit 2004 for driving the recording medium M; a

5 reading head 2006 for reading the informaticon recorded to the
recording medium M and producing the binary read signal St57;
a signal processor 2008 for varicusly processing the read
signal St57 to generate the reproduced bitstream Stél; and a
reproduction controller 2002.

10 The reproduction controller 2002 is connected to the
decoding system controller 2300 from which the multimedia
bitstream reproduction contrcl signal S$t53 is suppliéd, and
in turn generates the reproduction control signals St55 and
sSt59 respectively-controlling the recording media drive unit

15 (motor) 2004 and signal processor 2008.

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

20 corresponding scenes (titles). The scenario selectcr 2100
then outputs the selected titles as scenario data to the DVD
decodexr DCD. |

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

25 inputs the desired scenario based on the content of the



25 information table required for decoding control. This -79- decoding
information table is described further befowwth reference to Figs. 26
and 32. The decoding systemcontroller 2300 also extracts the title
information recorded to the optical disk Mfromthe file data structure
area FDS of the 5 bitstreamcontrol data St63 to generate the title
information signal St200. Note that the extracted title information

i ncl udes the video manager VMG VTS information VTSI, the PGC information
entries CPBI #, and the cell presentation time C PBTM 10 Note that the
bitstream control data St63 is gepgrated in pack units as shown in Fig.
19, and is supplied fromthe stredm buffer 2400 to the decodi ng system
controller 2300, to which the stream buffer 2400 is connected. The
synchroni zer 2900 is connected to the decoding 15 systemcontroller 2300
fromwhich it receives the systemclock reference SCR contained in the
synchroni zation control data StSlI to set the internal system clock STC and
suppl y t AEepegér iapytekycriekPEP7enEadeReEdRcoF AFESYRE T aRTY BPFEF 2300.
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al so generates the streamread signal St65 at a specific interval and
out put s shechiégdngi ghal sELebted thenastireanThaf$feen2dbo. spbeetPhatlPhe read
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5 infrared communications device, for example, and inputs the
generated scenario selection data St51 to the decoding system
controller 2300.
The stream buffer 2400 has a specific buffer
capacity used to temporarily store the reproduced bitstream
10 St61 input £from the bitstream producer 2000, extract the
volume file structure VFS, the initial synchronization data
SCR (system clock reference) in each pack, and the VOBU
controel information (DSI) in the navigation pack NV, to
generate the bitstream control data Sté3. The stream buffer
15 2400 is also connected to the decoding system controllexr 2300,
to which it supplies the generated bitstream control data
gte3.
Based on the scenario selection data St51 supplied
by the scenarioc selector 2100, the decoding system contreller
20 2300 then generates the bitstream reproduction control signal
$t53 controlling the operation of the bitstream producer 2000.
The deceoding system controller 2300 also extracts the user-
defined playback instruction data from the bitstream
reproduction control signal StS$3, and generates the decoding

25 information table reguired for decoding control. This




25 is described next. -80- The decoding systemcontroller 2300 conpares the
system cl ock reference SCR contained in the streamcontrol data extracted
fromthe streambuffer 2400 with the system clock St79 supplied fromthe
synchroni zer 2900, and generates 5 the read request signal St65 when the
systemclock St79 is greater than the systemclock reference SCR of the
bitstream control data St63. Pack transfers are controlled by executing
this control process on a pack unit. Based on the scenario selection data
St51, the 10 decoding systemcontroller 2300 generates the decodi ng signal
St69 defining the streamids for t vi deo, sub-picture, and audio
bitstreanms corresponding to the selected scenario, and outputs to the
syst em decoder 2500. \Wen a title contains plural audio tracks, e.g. 15
audi o tracks in Japanese, English, French, and/or other |anguages, and
plural sub-picture tracks for subtitles in Japanese, English, French,

and/ or other |anguages, for exanple, a discrete ID is_assigned to,each of

the | angéagedippacdkEomatyee FpRdeaByv ST TR ef BREEST0 TP 19158 20
stream | PekéréﬁEEgESng.gst. hgs Vi dgos; dat anands VREG /a4 dips dath apon@Rgh Ber

substream I D 1s assigned to the sub-picture data, AC3 audio data, |inear
PCM dat az3and alasc gakicoacpackt ey tiinfler nhhfornmaWhiphe tdecvded feedthever be

gﬁg;grOfoéggggllQis@pgp%ﬁgﬁntgﬁguéf eC thegggacgggel%ﬂg¥995b§ﬁ0£h§hQUdio

5 bitstream control data St63 to generate the title information
signal St200. Note that the extracted title information
includes the video managexr VMG, VTS information VTSI, the PGC
information entries C_PBI #j, and the cell presentation time
C_PBTM.

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

The synchronizer 2900 is connected to the decoding

15 system controller 2300 from which it receives the system clock
reference SCR contained in the synchronization control data
St8l to set the internal system clock STC and supply the reset
system clock St79 to the decoding system controller 2300.

Based on this system clock St79, the deccding system

20 controller 2300 also generates the stream read signal Sté65 at
a specific interval and ocutputs the read signal St65 to the
stream buffer 2400. Note that the read unit in this case is
the pack.

The method of generating the stream read signal Sté5

25 is described next.




25 subtitles using the scenario selector 2100. If English -81- |anguage
audio is selected, for exanple, the ID corresponding to the English audio
track is sent to the decoding system controller 2300 as scenario sel ection
data St5/. The decoding systemcontroller 2300 then adds this IDto the
decoding 5 signal St69 output to the system decoder 2500. Based on the
instructions contained in the decoding signal St69, the system decoder
2500 respectively outputs the video, sub-picture, and audi o bitstreans
input fromthe stream buffer 2400 to the video buffer 2600, sub-picture
buffer 2700, 10 and audio buffer 28@Q _as the encoded video stream St71,
encoded sub-picture stream St 73, and encoded audio stream St75. Thus, when
the stream I D input fromthe scenario selector 2100 and the pack |ID i nput
fromthe stream buffer 2400 match, the system decoder 2500 outputs the
correspondi ng 15 packs to the respective buffers (i.e., the video buffer

2600, sub-picture buyffer 2700, and audio buffgﬁ 2809&.OTQgr%¥§£§n1gg%oder
2500 detects the pres¥nt QEFOATRE| MY ST BT Antt deéoding Tide ot afp DTS

of the smallRSdn ECOHLEOLWRIENLR @a%h dided 1:68dn Sh6EH0 Peneimt eohbeolli ne
20 information signal St77. This time information signal St77 is supplied

to the sydefreortseracoed fhpoughiet ExRasbdPrgtesydte it ot Per SZ566™as
the Synchr&@%@gt% oMl fatan ShelsyBaaeda08ethbsosynghropizatheas
control data St81, the
5 the read request signal St65 when the system clock St79 is
greater than the system clock reference SCR of the bitstream
control data St63. Pack transfers are controlled by executing
this control process cn a pack unit.
Based on the scenario s=lection data 8tS1, the
10 decoding system controller 2300 generates the decoding signal
St69 defining the stream Ids for the video, sub-picture, and
audio bitstreams corresponding to the selected scenaric, and
outputs to the system decoder 2500.
When a title contains plural audic tracks, e.g.
15 ~audio tracks in Japanese, English, French, and/or other
languages, and plural sub-picture tracks for subtitles in
Japanese, English, French, and/or other languages, for
example, a discrete ID is assigned to each o£ the language
tracks. As described above with reference to Fig. 19, a
20 stream ID is assigned to the video data and MPEG audio data,
and a substream ID is assigned to the sub-picture data, AC-3
audio data, linear PCM data, and navigation pack NV
information. While the user need never be aware of these ID
numbers, the user can select the language of the audic and/or

25 subtitles wusing the scenario selector 2100. If English



25 synchroni zer 2900 determ nes the decoding start timng whereby 82_ each
of the bitstreans 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 3801 based on this decoding timng. The synchronizer
2900 5 al so generates and supplies the sub-picture decoding start signal
St91 and audi o stream decoding start signal St93 to the sub-picture
decoder 3100 and audi o decoder 3200, respectively. The video decoder 3801
generates the video output request signal St84 based on the video stream
decoding start 10 signal St89, aqq outputs to the video buffer 2600. In
response to the video output request signal St84, the video buffer 2600
outputs the video stream St83 to the video decoder 3801. The video decoder
3801 thus detects the presentation tine information contained in the video
stream St 83, and 15 disables the video output request signal St S4 when the

|l ength of the received video stream St83 is eqU| ale t t%r%Q? cioemfied
pr esent HFWTHAFIR VN Qi e & TR el SR TRy RETEpEEFI16d™

present gid op,Li B ghS dhus,desoded Ry wesextd%@ dﬁf@d&écaaﬂﬂxg whisalerout put s
t he reproduced video signal 20 St95 to the reorderlng buf f er 3300 and
e

sel ect orccﬁmlB@cm tatve serceddd vedestitrnedatrsSedded T AT
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or der dogyr?otterﬁegg om & frane unit basis. The video cannot
thﬁVEfo@&gﬂEﬂchﬁﬁéaaﬂdphﬂ tbettecegattem decoder 2500.

Based on the instructions contained in the decoding
signal Sté9, the system decoder 2500 respectively ocutputs the
video, sub-picture, and audio bitstreams input from the stream
buffer 2400 to the video buffer 2600, sub-picture buffer 2700,

10 and audioc buffer 2800 as the encoded video stream St71,
encoded sub-picture stream St73, and encoded audio stream
St75. Thus, when the stream ID input from the s;enario
selector 2100 and the pack ID input from the stream buffexr
2400 match, the system decoder 2500 outputs the corresponding

15 packs to the respective buffers (i.e., the video buffer 2600,
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 Sté67 to generate the time

20 information signal St77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding
system controller 2300 as the synchronization control data
sSt81l.

Based on this synchronization control data St81, the

25 synchronizer 2900 determines the decoding start timing whereby




25 order. The decoded franes are therefore tenporarily stored -83- to the
reordering buffer 3300. The synchroni zer 2900 therefore controls the
switching signal St103 so that the reproduced video signal St95 out put
fromthe video decoder 3800 and the reordering buffer output St97 are
appropriately 5 selected and output in the display order to the synthesizer
3500. The sub-picture decoder 3100 simlarly generates the sub-picture
out put request signal St86 based on the sub- picture decoding start signal
St91, and outputs to the sub 10 picture buffer 2700. In response to the
sub-picture output request signal St86, the sub-picture buffer 2700
outputs the sub-picture stream St88-to the sub-picture decoder 3100.
Based on the presentation time information contained in the sub-picture
stream St 85, the sub-picture decoder 3100 decodes 15 a length of the
sub-picture stream St85 corresponding to the specified presentation tine
to reproduce and supply to the synthesizer 3500 the sub-picture signal

St 99. Theasynt hési ziee I50Gstipard Npddes bhe setameged 3400theut parrarth t he

sub-picture signal St99 to nerate and output 20 _the video signal, St105
to the v?&@%%ﬁﬁ?a?é%?ﬁtdFEg REr §%%bfj¥ﬁé Bar6=68¢C0 é¥93§ﬁ%ug%n%P3tes

and suppkii@ed @dham alhon Y far24800 44 agicls © it phié vEqeesieabgaal St 88
based on the audio stream decoding start signal St93. The audio _buffer

2800 t hug8®dt prrs=d henatitiis sEcesirst 87Atbnghe dBG Fynchronizer 2500

5 alsc generates and supplies the sub-picture decoding start
signal St91 and audio stream decoding start signal St93 to the
sub-picture decoder 3100 and audioc decoder 3200, respectively.

The video decoder 3801 generates the video output
reguest signal St84 based on the video stream decoding start

10 signal St89, and outputs to the video buffer 2600. In
response to the video output request signal St84, the wvideo
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 wvideo stream St83, and

15 disables the video ocutput 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 reproduced video signal

20 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 necessarily match on a frame unit basis.
The video cannot, therefore, be displayed in the decoded

- 25 order. The decoded frames are therefore temporarily stored




25 decoder 3200. The audi o decoder 3200 decodes a length of the - 84 audio
stream St 87 corresponding to the specified presentation tine based on the
presentation time informati on contained in the audio stream St87, and

out puts the decoded audio stream St101 to the audio data output term nal
3700. 5 It is thus possible to reproduce a user-defined nmultinedia
bitstream MBS in real-tinme according to a user- defined scenario. Mre
specifically, each tine the user selects a different scenario, the DVD
decoder DCD is able to reproduce the title content desired by the user in
the desired 10 sequence by reproducing the nultinmedia bitstream MBS
corresponding to the sel ected sceh®io. It should be noted that the
decodi ng system controller 2300 may supply the title information signal
St200 to the scenario selector 2100 by neans of the infrared 15
conmuni cati ons device nentioned above or another nmeans. Interactive
scenari o selection controlled by the user can also be nade possible by the
scenariotgelebeorr@Q©@eekngacbvﬁQEthe33@DtIei?ﬁ%ﬂrﬁﬂﬂQthQ%ﬁﬁﬁedg?%othe
opti cal sk fromthe fijl data tructure. f e st
control g‘é 5°8P63 JUEO AT n‘élé‘ i St Sahs| esll%?%?rrg??g% s%'gna[t@l %t 2% and
di spl ayi Agptbusctit hadayf Oéi@ﬁazonseasa ditgpltayefor user v1sieloeo:1¢<mﬁe:txlot e,
further, that the stream buffer 2400, video buffer 2600, subzplct

buffer 2¥BB° abdi EPBuFPEFdsgdes Anffer output Sts7 are appropriate
5 selected and output in the display order to the synthesizer
3500.

The sub-picture decodexr 3100 similarly generates the
sub-picture output reguest signal St86 based on the sub-
picture decoding start signal S$tSl, and outputs to the sub-

10 picture buffer 2700. In response to the sub-picture output
regquest signal St86, the sub-picture buffer 2700 outputs the
sub-picture stream St85 to the sub-picture decoder 31.00.
Based on the presentation time information contained in the
sub-picture stream St85, the sub-picture decoder 3100 decodes

15 a length of the sub-picture stream S5t85 corresponding to the
specified presentation time to reproduce and supply to the
synthesizer 3500 the sub-picture signal St995.

The synthesizer 3500 superimposes the selector 3400
output with the sub-picture signal $t99 to generate and output

20 the video signal St105 to the video data output terminal 3600.

The audioc decoder 3200 generates and supplies to the
audioc buffer 2800 the audio ocutput reguest signal St88 based
on the audio stream dececding start signal St93. The audio
buffer 2800 thus outputs the audioc stream St87 to the audio

25 decoder 3200. The audio decoder 3200 decodes a length of the



25 reordering buffer 3300 are expressed above and in the figures -85- as
separate entities because they are functionally different. It wll be

obvi ous, however, that a single buffer menory can be controlled to provide
the sane discrete functionality by time-share controlled use of a buffer
menory with an operating 5 speed plural tines faster than the read and
wite rates of these separate buffers. Milti-scene control The concept of
mul ti pl e angle scene control according to the present invention is
described below with 10 reference to Fig. 21. As described above, titles
that can be played back with nunmerous variations are constructed from
basi ¢ scene periods contai ning data~&mmon to each title, and nulti-scene
peri ods conprising groups of different scenes corresponding to the various
scenario requests. In Fig. 21, 15 scenes 1, 5, and 8 are the comon scenes
of the basic scene periods. The multi-angle scenes (angles 1, 2, and 3)
between scenes 1 and 5, and the parental | ocked scenes (scenes 6 and 7)
bet ween scemwesich sgaea8 S4By Fh@nﬂﬁnﬁné§cen@Cpéh?oésecSééﬁéspraﬂeﬁtﬁﬁéﬁﬂ

di fferent ngn(ﬁee(ﬁsee dn 6}:ri'ge &S 1 entzot:gbn Q ?ay%réhgn%tféﬁnpég agﬁgdbﬁg

dynami cal | y and - reproduced dufing p tl-ang
scene peri @the dutidespaeant akshockad sceepeitperdiod, daovdy@raudhby soneaof
the available scenes, scenes 6 and 7, having different content can be

sel ected, &%dFuste Fdhsaediecdatat PRaPry beFBLeapl dyB8ack

5 It is thus possible to reproduce a user-defined
multimedia bitstream MBS in real-time according tec a user-
defined scenario. More specifically, each time the userx
selects a different scenaric, the DVD decocder DCD is able to
reproduce the title content desired by the user in the desired

10 sequence by reproducing the multimedia Dbitstream MBS
corresponding to the selected scenario.

It should be ncted that the &ecodingrrsystem
controller 2300 may supply the title information signal St200
to the scenarioc selector 2100 by means of the infrared

15 commuriications deviée mentioned above or another means.
Interactive scenario selection controlled by the user can also
be made possible by the scenario selector 2100 extracting the
title information recorded to the optical disk M from the file
data structure area FDS of the bitstream control data Sté3

20 contained in the title information signal St200, and
displaying this title information on a display for user
selection.

Note, further, that the stream buffer 2400, video
buffer 2600, sub-picture buffer 2700, audio buffer 2800, and

25 reordering buffer 3300 are expressed above and in the figures




25 begins. - 86 Wiich of these scenes fromthe nulti-scene periods is to
be selected and reproduced is defined by the user operating the scenario
sel ector 2100 and thereby generating the scenario selection data St5l. In
scenario 1 in Fig. 21 5 the user can freely select any of the nulti-angle
scenes, and scene 6 has been preselected for output in the parental | ocked
scene period. Simlarly in scenario 2, the user can freely select any of
the nulti-angle scenes, and scene 7 has been preselected for output in the
parental | ocked scene period. 10 Wth reference to Figs. 30 and 31,
furthernore, the contents of the programchain information VIS PGCl is
described. In Fig. 30, the case that~&Scenario requested by the user is
shown with respect to a VISI data construction. The scenario 1 and
scenario 2 shown in Fig. 21 are described 15 as program chain information
VTS PGCH1 and VTS _PGC#H2. VIS PGC#H1 describing the scenario 1 consists of
cell playback information C PBI#1 corresponding to scene 1, C PBI#2,

C PBI #3, andsCsPBk#tatwi ehtataeguberanngl ehegl x| DHukct PRl ¥ different.

correspondi t 0.5cene .C_PBI #6 carrespqndi ng t.Q_sce C_PBI #7
cor r espondi gg fvcl)l?c%ﬁae C%’v \7|§_’P%W§Q'ed:e's%&fq:| nag Stlhnegslsece%ﬁé%%r ?%%%%s?ggof
cell playbaek icaimarratliean o BBt €0r tR8peAGiend ilse ratenefulpct LBl #2y by

C PBI#3, and C PBI#4 within a_rmulti-angle cell block corresponding tp a
mul ti - angl e®$BENEREPBPRECIFFESPBRdPAG Putfer memory with an operating

5 speed plural times faster than the resad and write rates of
these separate buffers.
Multi-scene control
The concept of multiple angle scene control
according to the present invention is described below with
10 reference to Fig. 21. As described above, titles that can be
played back with numerous wvariations are constructed from
basic scene periods containing data common to each tit;e, and
multi-scene periods comprising groups of different scenes
corresponding to the various scenario requests. In Fig. 21,
15 scenes 1, S5, and B are the common scenes of the basic scene
periods. The multi-angle scenes (angles 1, 2, and 3) between
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,
20 2, and 3 in this example, can be dynamically selected and
reproduced during playback in the multi-angle scene period.
In the parental locked scene period, however, only cone of the
available scenes, scenes 6 and 7, having different content can
be selected, and must be selected statically before playback

25 begins.



25 to scene 5, C PBI#6 corresponding to scene 7, and C PBI#7 -87-
corresponding to scene 8. According to the digital video system data
structure, a scene which is a control unit of a scenario is described as a
cell which is a unit thereunder, thus a scenario requested by a user can
be obtained. 5 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. As specifically showmn in Fig. 31, the tw scenarios 1 and 2 use the
sanme VOB data in comon. Wth respect to a single scene comonly owned by
each 10 scenario, VOB#1 corresponding to scene 1, VOB#5 corresponding to
scene 5, and VOB#8 corresponding to-st®ne S are arranged in

non-i nterl eaved bl ock which is the contiguous block. Wth respect to the
mul ti-angle data commonly owned by scenarios 1 and 2, one angle scene data
I's constructed by 15 a single VOB. Specifically speaking, angle 1 is
constructed by VOB#2, and angle 2 is constructed by VOB#3, angle 3 is
constructed by VOB#4. Wwhhus ofnsheset edemelst framgkéedand tils s fagramak misocdshe

i nterl eaved, bl ock for the sake of .switchi et,wee ach.angl e_and
seanl ess rept o%ﬁ’ct}f’%n % qeé:a\:c aRgfe ’?P%%%]"g?ecgcéﬁesg%gﬁﬁﬁd? ectiffar'Ys

scenari 0s lop@fadingl €apeGklevaitc & daidect S0 t 8edi phekrkeay etk aokidor
t he sake of seanl ess reproduction between commpn scenes before and behind
t hereof as WieT| S8 3EaR 68d=FEArEddaticor® Bt weel e2EpR2EL8Né. 17 Fig. 21

5 the user can freely select any of the multi-angle scenes, and
scene 6 has been preselected fcr ocutput in the parental locked
scene period. Similarly in scenarioc 2, the user can freely
select any of the multi-angle scenes, and scene 7 has been
preselected for output in the parental locked scene period.

10 With reference to Figs. 30 and 31, furthermore, the
contents of the program chain information VTS_PGCI is
described. In Fig. 30, the case that a scenario requésted by
the user is shown with respect to a VTSI data construction.
The scenarioc 1 and scenario 2 shown in Fig. 21 are described

15 as program chain information VTS_PGC#1 and VTS_PGC#2.
VTS_PGC#1 describing the scenario 1 consists of cell playback
information C_PBI#l1 corresponding to scene ll, C_PBI#2, '
C_PBI#3, and C_PBI#4 within a multi-angle cell block, C_PBI#5
corresponding to scene 5, C_PBI#6 corresponding to scene 6,

20 and C_PRI#7 corresponding to scene 8.
VTS_PGCI#2 describing the scenario 2 consists of
cell playback information C_PBI#1 corresponding to scene 1,
C_PBI#2, C_PBI#3, and CﬂPBI#4 within a multi-angle cell block
corresponding to a multi-angle scene, C_PBI#5 corresponding

25 to scene 5, C_PBI#6 corresponding to scene 7, and C_PBI#7



_88- As described in the above, the user's requesting scenario shown in
Fig. 21 can be realized by utilizing the video title playback contro

i nformati on shown in Fig. 30 and the title playback VOB data structure
shown in Fig. 31. 5 Seanl ess pl ayback The seanl ess pl ayback capability
briefly nmentioned above with regard to the digital video disk system data
structure is described bel ow. Note that seanl ess playback refers to the
reproduction in a digital video disk systemof 10 multinedia data including
vi deo, audi o, and sub-picture data wthout intermttent breaks in the data
or information between basic scene periods, between basic scene periods
and multi- scene periods, and betweer8hmulti-scene periods. Hardware factors
contributing to intermttent 15 playback of this data and title content

i ncl ude decoder wunderflow, i.e., an inbalance between the source data

I nput speed and the decodi ng speed of the input source data. Qther factors
relate to the properties of the playback data. Wien the playback data is
data that nustrdepof@iggnttionupushy Bepr oblucedding &ocorst adtgtbme unidedn
order for the user to ungerstand t he content. or inforngtignbletgﬁﬁigﬁghg
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required continuity is assured is 25 referred to as "contiguous information
reproductidﬁ?l%ra SEcenario requested by a user can be cobtalined.

5 , In Fig. 21, the case that a scenario requested by
the user shown in Fig. 21 is shown with respect to a VOB data
construction VISTT_VOBS. As specifically shown in Fig. 31,
the two scenarios 1 and 2 use the same VOB data in commen.
With zrespect to a single scene commonly owned by each

10 scenaxrio, VOB#1l corresponding to scene 1, VOB#5 corresponding
to scene 5, and VOB#8 corresponding to scene 8 are arranged
in non-interleaved block which is the contiguous block.

With respect to the multi-angle data commonly owned
by scenarios 1 and 2, cne angle scene data is constructed by

15 a single VOB. Specifically speaking, angle 1 is constructed
by VOEB#2, and angle 2 is constructed by VOB#3, angle 3 is
constructed by VOBRH#4. Thus constructed multi-angle data is
formed as the interleaved block for the sake of switching
between each angle and seamless reproduction of each angle

20 data. Scenes 6 and 7 peculiar to scenarios 1 and 2,
respectively, are formed as the interleaved block for the sake
of seamless reproduction between common scenes before and
behind thereof as well as seamless reproduction between each

scenea.



- 89 "seam ess information reproduction.” Reproduction of this information
when the required continuity cannot be assured is referred to as
"non-conti nuous information reproduction,” or "non-seamn ess information
reproduction.” It is obvious that 5 continuous information reproduction and
non-conti nuous information reproduction are, respectively, seanl ess and
non- seanl ess reproduction. Note that seamn ess reproduction can be further
categori zed as seanl ess data reproduction and seanless 10 information
reproduction. Seam ess data reproduction is defined as preventing physi cal
bl anks or interruptions in the data gy ayback (intermttent reproduction)
as a result of a buffer underflow state, for exanple. Seamn ess information
reproduction is defined as preventing apparent interruptions 15 in the

i nformati on when perceived by the user (intermttent presentation) when
recogni zing information fromthe playback data where there are no actual

physi cal breaks in t data _repr.oduction. tail s ,of Seanjess playback 20
The specific method g%%b ?ﬁ§r§§§§16§§ ?%%r8§§€Fro§”“%§“?%ﬁssdég%?ﬁ%g&nﬁs
descri bed |sateetahied oshaih hinefrarencer t @anFbgs redd iatedi Ay Loieibeayi Rge The
DVD data system streans described above are 25 recorded using an

appr opri at & *RAhIA NG SRR ECHE e g fermation shown in Fig. 30 and

the title playback VOB data structure shown in Fig. 231.
5 Seamless plavback
The seamless playback capability briefly mentioned
above with regard to the digital wvideo disk system data
structure is described below. Note that seamless playback
refers to the reproduction in a digital wvideo disk system of
10 multimedia data including video, audio, and sub-picture data
without intermittent breaks in the data or information between
basic scene periods, between basic scene periods and multi-
scene periods, and between multi-scene periods.
Hardware factors contributing to intermittent
15 playback of this data and title content include dJdecoder
underflow, i.e., an imbalance between the socurce data input
speed and the decoding speed of the input source data.
Other factors relate to the properties of the
playback data. When the playback data is data that must be
20 continucusly reproduced for a constant time unit in order for
the user to understand the content or information, e.g., audioc
data, data continuity is lost when the required continuous
presentation time cannot he assured. Reproduction of such
information whereby the required continuity is assured is

25 referred to as "contigucus information reproduction," or



-90- or other nultinedia title on a DVD recording nmedium Note that the
follow ng description refers to a novie as the multinedia title being
processed, but it will be obvious that the invention shall not be so
limted. 5 Supplying a single novie in a format enabling the novie to be
used in plural different cultural regions or countries requires the script
to be recorded in the various |anguages used in those regions or
countries. It nmay even necessitate editing the content to conformto the
nores and 10 noral expectations of different cultures. Even using such a
| ar ge- capacity storage system as the DVD system however, it 1S necessary
to reduce the bit rate, and therefor@&the image quality, if plural
full-length titles edited froma single conmon source title are recorded
to a single disk. This 15 problem can be sol ved by recording the common
parts of plural titles only once, and recording the segnents different in
each title for each different title only. This nmethod nakes it possible
to record plswaalliddd | €afbowadibhereptrcemudtirdres’ or Repuicturcesido af sitingl=e
optical disk w thout reducin?ﬁthe bit 20 rate, .and, therefore, ret%ining
I

hi gh i mage 1FEQATHAF 1A/ s e TERY L T2 CPRE IPMHs SAEOSTIET £6 51 S1hgi%
optical di sireontad RPas 6 RN RS RS Of n REANES: SR MPBPrbQucdlibn, " ox
scenarios, and nulti-scene periods containing scenes specific to certain
scenari os, "merpredde grriericaimdvicdn RSoredrelornnty ndittiSaRfrécscepdat
Contg0| fu%%%é%ﬁ%oﬁs information reproduction and non-continuous
information reproduction are, respectively, seamless and non-
seamless reproduction.
Note that seamless reproduction can be further
categorized as seamless data reproduction and seamless
10 information reproduction. Seamless data reproduction is
defined as preventing physical blanks or interruptions in the
data playkack (intermittené reproduction) as a resuit of a
buffer underflow state, for example. Seamlesé information
reproduction is defined as preventing apparent interruptions
15 in the information when perceived by 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 playback
20 The specific method enabling seamless reproduction
as thus described is described later below with reference to

Figs. 23 and 24.

Interleaving

The DVD data system streams described above are

25 recorded using an appropriate authoring encoder EC as a movie




_91- PCT/JP96/02804 In the case of the parental |ock control function,
titles containing sex scenes, violent scenes, or other scenes deened
unsuitable for children, i.e., so-called "adult scenes,"” are recorded with
a conbi nation of common scenes, 5 adult scenes, and children's scenes.
These title streans are achieved by arraying the adult and children's
scenes to nmulti- scene periods between the common basic scene peri ods.

Mul ti-angle control can be achieved in a conventional single-angle title
by recording plural nmultinedia 10 scenes obtained by recording the
subjects fromthe desired plural canera angles to the nulti-scene periods
arrayed between the comon basic scée periods. Note, however, that while
t hese plural scenes are described here as scenes recorded fromdifferent
canera angles (positions), it will be 15 obvious that the scenes may be
recorded fromthe sane canera angle but at different tines, data generated
by conputer graphics, or other video data. When data is shared between
different scenarhes ahltameildngl eitdltd eyni & D¥DObeicousiiyicheoessany t toteyve

t he | aser 0 beam LS fromthe commpn scene data to the non-conmbn scene
data duri né'%ra&prfig]ﬁct?%ﬁo‘f’?’é?, IF TR e BFEFES BF cl?upm?‘éleaaaﬁfftg‘ueent

posi tion omuifie A £ acordd NG iRdiRdsedheudriebhemheeecbsibhat thhe
time required to nove the optical pickup nmakes it difficult to continue
reproduct i &GiRSwiitHERRE DN cfleat I ngebreaksoi Airkheedudi o or video, i.e., to

SUStgin Supplying a single movie in a format enabkling the
movie to be used in plural different cultural regions or
countries regquires the script to be recorded in the various
languages used in those regions or countries. It may even
necessitate editing the content to conform to the mores and

10 moral expectations of different cultures. Even using such a
large-capacity storage system as the DVD system, however, it
is necessary to reduce the bit rate, and theréfore the image
quality, if plural full-length titles edited from a single
common source title are recorded to a single disk. This

15 problem can be solved by recoxrding the common parts of plural
titles only once, and recording the 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

20 rate, and, therefore, retaining high image quality.

As shown in Fig. 21, the titles recorded to a single
optical disk contain basiec scene periocds of scenes common to
all scenarios, and multi-scene periods containing scenes
specific to certain scenarios, to provide parental lock

25 control and multi-angle scene control functions.




92 - PCT/ JP96/ 02804 seamnl ess reproduction. This problem can be
theoretically solved by providing a track buffer (stream buffer 2400) to
del ay data output an anmount equivalent to the worst access tinme. In
general, data recorded to an optical disk is read 5 by the optical pickup,
appropriately processed, and tenporarily stored to the track buffer. The
stored data is subsequently decoded and reproduced as video or audi o data.
Definition of Interleaving To thus enable the user to selectively excise

scenes 10 and choose from anong plural scenes, a state wherein non-

sel ected scene data is recorded insertedadiet ween comopn scengcTdftsw/ a6l
sel ective scene data necessarily occurs because the data units associated
wi th individual scenes are contiguously recorded to the recording tracks
of the recording nmedium If 15 data is then read in the recorded sequence,
non-sel ected scene data nust be accessed before accessing and decodi ng the
sel ected scene data, and Jeanhessasonmecthensarsrithilt hecksebectell [Gana drS

difficult. The exgsld£nt,tan cess __characteristics of the digital
vi deo di sk system however, ggn%ra & s?é:aeﬁiegssv%%ﬁ?l%%ﬁcﬁﬁ’fsw PR ‘f%ég%éﬂcé”é‘te@d
scenes possi bl e.dedmedot kepunbadte bfespldiitidagnsceneespecsdi Capda =t
plural units of @a.speci.figd data si.ze, ;apd_interl.eayin lural split data
units for different scenes in a pre e?ﬁ%gda'§§ﬁﬁgﬁ€el %afgi§ofg€8r@&§nfﬁ’
di sk wi t hith the §oisi Agerangendhildren’s scenes. These title streams are

achieved by arraying the adult and children’s scenes to multi-
scene periods between the common basic scene pericds.
Multi-angle bcontrol can be achieved in a
conventional single-angle title by recording plural multimedia
10 scenes obtained by recording the subjects from the desired
pPlural camera angles to the 'multi—scene ﬁericds 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
15 obvious that the scenes may be recorded from the same camera
angle but at different times, data generated by computer
graphics, or other video data.
When data is shared between different scenarios of
a single title, it is obviously hecessary to move the laser
20 beam LS from the common scene data to the non-common scene
data during reproduction,‘i.e., to move the optical pickup to
& different position on the DVD recording medium RC1. The
problem here is that the time required to move the optical
pPickup makes it difficult to continue reproduction without

25 creating breaks in the audic or video, i.e., to sustain




whereby an data underf | ow state does not occur, it is possible to
reproduce the selected scenes without data interruptions by intermttently
accessing and decoding the data specific to the selected scenes using
these split data units. Seam ess 5 data reproduction is thereby assured.
Interl eaved Bl ock and Interleave Unit The interl eaving -nmethod enabling
seamnml ess data reproduction according to the present invention is described
below with reference to Fig. 24 and Fig. 71. Shown in Fig. 10 24 is a case
fromwhich three scenari os may be derived, i.e., branching fromone video
obj ect VOB-A to one of plural video obje@ts VOB-B, VOB-C, arRCTAIBGN289d
then nerging back again to a single video object VOB-E. The actual
arrangenent of these blocks recorded to a data recording track TR on di sk
is 15 shown in Fig. 71. Referring to Fig. 71, VOB-A and VOB-E are video

objects with |ndepen ent playback start and end times, and are in
principle arrayef-t8 85ﬁtﬁ§ﬁ5€§“ﬁFb€R r e il . PPRPISOWFAT | Re Fitgeczaticably

pl ayback start aséiesd biyMpscoiaVeB- B, t¥OBrxCru2@eandaViBsD Bhifedl i 2068 «
during |nterleaV|n The interleaved data blocks are then recorded to dISk

to a contiguous g?¥rF@&@e&“BPHEkaPe@WSHntTHE“EEﬁ&?EﬁuﬁUE bhrockoreyi areesnd
i nterl eaved blocklmeglomﬁ géfetdeN MMid tONdrx Sk LA EE%1¢££385593{§ Had

direction i.n the Iay ack sequence. Pl ural -94- video objects VOB,
|nterleave3 VIdEB Obj pickup, appropriately processed, and

temporarlly stored to the track buffer. The stored data is

subsequently decoded and reproduced as video or audioc data.

efipnition Interleavin

To thus enable the user to selectively excise scenes

10 and choose from among plural scenes, a state wherein non-
selected scene data is recorded inserted between common scene

data and selective scene data necessarily occurs becaﬁse the

data unites associated with individual scenes are contiguously
recorded to the recording tracks of the recording medium. If

15 data is then read in the 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 system, however,

20 make seamless connections with the selected scenes possible.
In other words, by splitting scene-specific data

into plural units of a specified data size, and interleaving
plural split data dnits for different scenes in a predefined

sequence that is recorded to disk within the jumping range




arrayed to the data recording track TR are shown in Fig. 37. Referring to
Fig. 37, data regions to which data is continuously arrayed are called

"bl ocks,” of which there are 5 two types: "contiguous block regions” in
which VOB with discrete starting and end points are contiguously arrayed,
and "interleaved bl ock regions" in which plural VOB with aligned starting
and end points are interleaved. The respective blocks are arrayed as shown
in Fig. 38 in the playback 10 sequence, i.e., block 1, block 2, block 3, .

. . block 7. As shown in Fig. 73, the VIStitle VOBS (VISTT YOBS) consi st
of blocks 1 - 7, inclusive. Block 1 cpntains VOB 1 alone. Blocks 2, 3, 5,
and 7 simlarly discretely contain VOBS 2, 3, 6, and 10. Blocks 2, 3, 5,
and 7 are thus 15 contiguous bl ock regions. Block 4, however, contains VOB
4 and VOB 5 interleaved together, while block 6 contains VOB 7, VOB 8, and
VOB 9 interl eaved together Blocks 4 and 6 are thus interleaved bl ock
regions. 20 .The |nter dat ucture of the contiguous blaock reqi ns |s

shown in Fi'§=7AP%ith L BAFFaf8E5aR° T 1T tontT YudLE B

the VOBs. A% dﬁﬁfé@@@ev\thg s'é@.fe%rt%'@%é&qé:é gw1@-1§®ué/@ataaﬂﬂt\é%t|ﬂ3§iéje
the contiguous block regions are further logically divided into cells as

the -95- plRAyHEHETHIEE=Bokh VB $sarg AVCB-Jedafing $1dq glate e Sifdvh to
ConprISIngﬂﬂgwﬁkfé%éédcgbgng; uggkb'%%e§¥“%é¥%é'é§%a units. Seamless

5 data reproduction is thereby assured.

Interleaved Block and Interleave Unit

The interleaving method enabling seamless data
reproduction according to the present invention is described
below with reference to Fig. 24 and Fig. 71. Shown in Fig.

10 24 is a case from which three scenarios may be derived, i.e.,
branching from one video object VOB-A to cne of plural video
cbhjects VOB-B, VOB-C, and VOB-D, and then merging back again
to a single video object VOB-E. The actual arrangement of
these blocks recorded to a data recording track TR on disk is

135 shown in Fig. 71.

Referring to Fig. 71, VOB-2A and VOB-E are video
objects with independent playback start and end times, and are
in principle arrayed to contiguous bleck regions. As shown
in Fig. 24, the playback start and end times of VOB-B, VOB-C,

20 and VOB-D are aligned during interleaving. The interleaved
data blocks are then recorded to disk to a contiguous
interleaved block region. The contiguous block regions and
interleaved block regions are then written to disk in the

track path Dr direction in the playback seguence. Plural



Each cell conprises one or nore video object unit VOBU with the video

obj ect unit VOBU defining the boundaries 5 of the cell. Each cell also
contains information identifying the position of the cell in the program
chain PGC (the playback control information of the digital video disk
systen) Mre specifically, this position information is the address of the
first and last VOBU in the cell. As also shown 10 in Fig. 73, these VOB and
the cells defined therein are also recorded to a contiguous bl ock region
so that contiguous blocks are contiguously reproduced. Reproducing these
contiguous blocks is therefore no pro‘Len1 The internal data structure of
the interleaved block 15 regions is Shown in Fig. 74. In the interl eaved
bl ock 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 exanple, 20 VOB-k is divided into four

i nterl eavedvi@de®s 9RIRKIS VPBRWK2: - o | L VIR erdedva/UKAdegndoRi e<EBnfGRT by
a single ce # S Ldedqi I ve

units | LVU rg%kuﬁﬁ %(%Bfﬂnég ag?%ﬁﬁn% foite B, Lot b;itrg R el
CELL#m Note t hat i nskRe&droefing Sbngig c:e’vl &&A#kkegﬁor@m_c#mhmm Gfs
VOB- k and VOB-m can be divided . into nore w% cell.s.

! ter| caved TAT ECPEatY AEESEO AT Rs SR A IO Rand FEIEs ekt & Here are

3 two types: "contiguous block regions" in which VOB with
discrete starting and end points are contiguously arrayed, and
"interleaved block regions" in which plural VOB with aligned
starting and end points are interleaved. The respective
blocks are arrayed as shown in Fig. 3é in the playback

10 segquence, i.e., block 1, block 2, block 3, . - - bleock 7.

As shown in Fig. 73, the VTS title VOBS (VISTT_VCBS)

consist of blocks 1 - 7, inclusive. Block 1 contains VOB 1

alone. Blocks 2, 3, 5, and 7 similarly discretely contain

VOBS 2, 3, 6, and 10. Blocks 2, 3, 5, and 7 are thus
15 contiguous block regions.

Blocck 4, however, contains VOB 4 and VOB 5
interleaved together, while block 6 contains VOB 7, VOB 8, and
VOB 9 interleaved together. Blockse 4 and 6 are thus
interleaved block regions.

20 The internal data structure of the contiguous block
regions is shown in Fig. 73 with VOB-i and VOB-j arrayed as
the contigucus bkleocks in the VOBEs. As described with
reference to Fig. 16, VOB-i and VOB-j inside the ceontiguous

block regions are further logically divided into cells as the



In the exanple shown in Fig. 74, the interleaved wunits ILVUkIl, |LVWK2,

| LVUk3, and I LVWk4, and ILVUM, |ILVU®R, 5 ILVUnB, and |ILVUn4, fromtwo
different video objects VOB-k and VOB-mare alternately arrayed within a
single interleaved block. By interleaving the interleaved units |ILVU of
two video objects VOB in this sequence, it is possible to achieve

seam ess reproduction branching fromone scene to one of 10 plural scenes,
and fromone of plural scenes to one scene. Milti-scene control The

mul ti-scene period is described together with the concept of multi-scene
control according to the present inygntion using by way of exanple a title
conprising scenes 15 recorded from different angles. Each scene in

mul ti-scene control is recorded from the sane angle, but may be recorded
at different tinmes or may even be conputer graphics data. The nmulti-angle
scene periods may therefore also be called nulti-scene periods. 20

Parental contral The concept of recordi | ural, ti Ies conpri si
al t er nat i v&@ SO 9 Suc P Uh M ons aégingDrBth ar F ¢R Eéﬁmiggl ar&n(?hown

recordi ng didegotOfiSyCehselscdessrtbed hel owsusi Bg, Fe@a ckbr #37- An
exanple of a multi-rated title strean1prOV|d|ng for parental |ock control

is shown in Fig. 15. ¥#eh seléakpegrisggulones@hargofit$ i Agigek, unit
V|0Ience,<ybégr$¥t§cgges ideo object unit VOBU defining the boundaries

5 of the cell. Each cell alsoc contains information identifying
the position of the cell in the program chain PGC (the
playback control information of the digital wvideo disk
system). More specifically, this positicon information is the
address of the first and last VOBU in the cell. As alsoc shown

10 in Fig. 73, these VOB and the cells defined therein are also
recorded to a contiguous block region so that contiguous
blocks are contiguously reproduced. Reproducing these
contigucus blocks is therefore no problem.

The internal data.struéture of the interleaved block

15 regions is shown in Fig. 74. In 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 intexleaved units ILVU,. For example,
20 VOB-k is divided into four interleaved units ILVUk1l, ILVUk2Z,

ILVUk3, and ILVUk4, and are confined by a single cell CELLs#k.
VOB-k is likewise divided into four interleaved units ILVUml,
ILVUm2, ILVUm3, and ILVUm4, and is confined by a sincle cell
CELL#m. Note that instead of a single cell CELL#k or CELL#m,

25 each of VOB-k and VOB-m can be divided into more than two



deened unsuitable for children are contained in a title 5 inplenenting
parental |ock control, the title streamis recorded with a conbi nation of
comon 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 for children. Title 10 streans such as
this are recorded as a nulti-scene system stream containing the
adult-oriented system stream Ssc and the child-oriented system stream Ssd
arrayed to the nmulti-scene period between common system streans Ssb and
Sse. The rel ationship between each of, the conponent 15 titles and the
system streamrecorded to the programchain PGC of a title streamthus
conprised is described below. The adult-oriented title program chain PGCl
conprises in sequence the common system streans Ssa and Ssb, the
adult-oriented system stream Ssc, and the commobn system 20 stream Sse. The
child-oriented title programchain PGC2 conprises in sequence the conmmon
syst em st r &&6 SSsa Bl Saberlepscehrrd 6 it RS 1R S AP 3EE, 24[d <t he
comon system StdLamSse. By thus arraying the adult-oriented system
stream 25 Ssc and child-oriented systemstream Ssd to a nmulti-scene 98
peri od, the decodi ng Tret hiod previpdes|shaescinb&dgcan 4.epriozluteterheatied e
containing adyl t-qrjiente ontent_ by reproduci t he o] S streamns
Ssa and sgb?“#ﬁ%ﬁgé%ﬁQCt&ﬁémﬁﬁh IL&%ks,pan% %ngk4, ang 9H98m§¥ quhmg,

5 ILVUm3, and ILVUm4, from two different video cbjects VCB-k and

VOB-m are alternately arrayed within a single interleaved
block. By interleaving the interieaved units ILVU of two
video objects VOB in this seguence, it is possible to achieve
seamless reproduction branching from one scene to one of

10 rlural scenes, and from one of plural scenes to one scene.
Multi-scene control ‘

The multi-scene period is described together with
the concept of multi-scene control according to the present
invention using by way of example a title comprising scenes

15 recorded from different angles.

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 gontrol

The concept of recording plural titles comprising
alternative scenes for such functions as parental lock control
and recording directox’s cuts is described below using Fig.

15.




reproduci ng the adult-oriented system stream Ssc, and then 5 reproducing
the comobn system stream Sse as instructed by the adult-oriented title
program chain PGCl. By alternatively following the child-oriented title
program chain PGC2 and selecting the child-oriented system stream Ssd in
the multi- scene period, a child-oriented title fromwhich the adult- 10
oriented scenes have been expurgated can be reproduced. This nethod of
providing in the title streama nulti-scene period containing plural
alternative scenes, selecting which of the scenes in the nulti-scene
period are to be reproduced before playback begins, and generating plural
15 titles containing essentially thé dane title content but different
scenes in part, is called parental |lock control. Note that parental | ock
control is so naned because of the perceived need to protect children from
undesirable content. Fromthe perspective of system stream processing, 20
however, parental |ock control is a technology for statically generating
different title streai® dyamebascobfatmel uieraped- tibleceirngagpecioriiciistenes

froma mities e Rell Aol el hUiENEho hIph LS 0N LARS -1 oq
mul ti-angl e scéne control,  which Ts a echno ogy Tor dynam cally changi ng
the content'apfulRb aceinrg'e tohteibyngeans«c of viibe cuser, sekecttingr secemesS rom

the -99- nujti-scene period freely and in real-tine dur_in%.t;lL;tileea %u%xggck.

This par entiSToek Sl chfdl ooyt tATSAl $5 pecontRInE

S implementing parental lock control, the title stream is
recorded with a combination of common system streams SSa, SSb,
and Sse, an adult-oriented system stream SSc containing the
adultc scenes, and a child-oriented system stream S8&8d
containing only the scenes suitable for children. Title

10 streams such as this are recorded as a multi-scene system
stream containing the adult-oriented system str2am Ssc and the
child-oriented system stream Ssd arrayed tc zhe multi-scene
period between commen system streams Ssb and Sse.

The relationship between each of the component

15 titles and the system stream recorded to the program chain PGC
of a title stream thus comprised is described below.

The adult-oriented title program chain PGCL
comprises in sequence the common system streams Ssa and Ssb,
the adult-oriented system stream Ssc, and the common system

20 stream Sse. The child-oriented title program chain PGC2
comprises in sequence the common system streams Ssa and Ssb,
the child-oriented system stream Ssd, and the common system
stream Sse.

By thus arraying the adult-oriented system stream

25 Ssc and child-oriented system stream Ssd tc a multi-scene



used to enable title streamediting such as when naking the 5 director's
cut. The director's cut refers to the process of editing certain scenes
froma novie to, for exanple, shorten the total presentation tinme. This
may be necessary, for exanple, to edit a feature-length novie for view ng
on an airplane where the presentation tine is too long for view ng 10
within the flight time or certain content nay not be acceptable. The novie
director thus determ nes which scenes my be cut to shorten the novie. The
title can then be recorded with both a full-length, unedited system stream
and an edited systemstreamin mhlcg)the edited scenes are 15 recorded to
mul ti-scene periods. At the transiti ﬁ'fron1one system stream to anot her
system streamin such applications, parental |ock control nust be able to
mai ntai n snoot h pl ayback imge output. Mre specifically, seam ess data
reproducti on whereby a data underfl ow state does not occur in the audio,

20 video, or other buffers, and seanm ess information reproduction whereby
no unnat ur ASTIRSr AR FERSANE REERBRPBRV ST bY \Ae S5 iR &R HePRESASE o

and vi deo pliayhagk.e eeata@_a%gagxu%t%&gn@@a' Eo5004E Qb THE.CRNEeNly @he

mul ti-angle scene control in present 1nvention |s escrlbedﬁnext
with referemendn Fyxtd8. sthtsmd n Feneraald M netiea t sellestdma obral ned
by recordl bot f he audio d video information (collec |veI

"t ecor di ng' Qﬁﬁ wi-e? the §ﬁ%ﬁ§tfﬁﬁﬁﬂt% neY T-<Fh&“angle scene PE| §ERE

5 reproducing the common system stream Sse as instructed by the
adult-oriented title program chain PGC1l. By alternatively
following the child-oriented title program chain.PGC2 and
selecting the child-oriented system stream Ssd in the multi-
scene period, a child-oriented title from which the adult-

10 oriented scenes have been expurgated can be reproduced.

This method of providing in the title 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

15 titles containing essentially the same title content but
different scenes in part, is called parental Jock control.

Note that parental lock control is so named because
of the perceived need to protect children from undesirable
content. From the perspective of system stream processing,

20 however, parental lock control is a technology for statically
generating different title streams by means of the user pre-
selecting specific sceneé 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

25 a single title by means of the user selecting scenes from the



#SC1, #SM , #SM2, #SMB, and #SC3 represent the nultimedia 5 scenes obtained
at recording unit tinmes T1l, T2, and T3 by recording the subject at
respective canera angl es. Scenes #SML, #SM2, and #SM3 are recorded at
mutually different (first, second, and third) canmera angles during
recording unit tinme T2, and are referenced below as the first, second, and
10 third angl ed scenes. Note that the nmulti-scene periods referenced herein
are basically assuned to conprise scenes recorded from different angles.
The scenes may, however, be recorded from the sanme angle but at different
times, or they may be conputer 15 grgﬁpics data. The nulti-angle scene
periods are thus the nulti-scene péeriods from which plural scenes can be
selected for presentation in the sane tine period, whether or not the
scenes are actually recorded at different camera angles. Scenes #SCl and
#SC3 are scenes recorded at the sanme 20 common canera angle during
recording unit times Ti and T3, i.e., before and after the nmulti-angle
scenes. Thewelskepesneareexied efforesoal @ " éBmBRR ANGLESsCBNEE2Y Not'e' § hat
one of thgﬂggkg;gﬁg canmera angles used in the nulti-angle scenes is
usually the sane as the common canmera angle. - 101 To understand the
rel ati onshi p between Theésepwzenouesd lang ecostoenkestenphelcangkans @&me be
control is described below ,using a live broadcast of a baseball, .ga r
exanpl e onlYPEThe® cGRABASafgiTe % HRF AP 433 a8 V%?ST 5§£%Jm%ﬁg
5 director’s cut. The director’'s cut refers to the process of
editing certain scenes from a movie to, for example, shorten
the total presentation time. This may be necessary, for
example, to edit a feature-length movie for viewing on an

airplane where the presentation time is too long for viewing

10 within the flight time or certain content may not be
acceptable. The movie director thus determines which scenes
may be cut to shorten the movie. The title can then be

recorded with both a full-length, unedited system stream and
an edited system stream in which the edited scenes are
15 recorded to multi-scene periods. At the transition from one
system stream to another system stream in such applicaticns,
parental lock controcl must be able to maintain smooth playback
image output. More specifically, seamless data reproduction
whereby a data underflow state does not occur in the audio,
20 video, or other buffers, and seamless information reproduction
whereby no unnatural interruptions are audibly or visibly
perceived in the audic and video playback, are necessary.

Multi-angle control

The concept of multi-angle scene control in the

25 present invention is described next with reference to Fig. 33.




5 at the common canmera angle, which is here defined as the view from
center field on the axis through the pitcher, batter, and catcher. The
first angled scene #SML is recorded at the first nulti-canmera angle, i.e.,
the canera angle fromthe backstop 10 on the axis through the catcher,
pitcher, and batter. The second angled scene #SM2 is recorded at the second
multi- canera angle, i.e., the viewfromcenter field on the axis through
the pitcher, batter, and catcher. Note that the second angled scene #SM2
is thus the sane as the conmon canera 15 angle in this exanple. It
therefore follows that the second apg]ed scene #SM2 is the sane as the
common angl e scene #SC2 recorded during recording unit time T2. The third
angled scene #SM3 is recorded at the third multi-canmera angle, i.e., the
canera angle fromthe backstop focusing on the infield. 20 The presentation
times of the multiple angle scenes #SML, #SM2, and #SNB overlap in

recordin ime T2; this riod js called the ' | ti-angl e scepe .
or o "B A e B o e T 15 T (B L arg| B SEaHeE A S PoEED,

and #SMB ithd hhgamsl talrrcﬁngige§cﬁriﬁc&eﬁd%nth@:o‘i'l%%rlviei}ﬁbl'Ee&@r&@n@hange
his or her virtual viewi ng position to enjoy a - 102 different view of the

gane as t h&§dPWherfcthml s\eahest m’igretlmg Ghangée awrked hatenhi béocker e
appear s to#%‘”ci 2 8%, 96‘5 R???t ﬁ:@ r§§§QS§ #SQE]P; a“ﬂufv?‘fﬁeﬁfig the
multiple angle scenes § nﬂ # 3 this I's si np
5 scenes obtained at recordlng unit times T1, , and T3 by
recording the subject at respective camera angles. Scenes
#SM1, #SM2, and $#S8SM3 are recorded at mutually different
(first, second, and third) camera angles during recording unit
time T2, and are referenced below as the first, second, and
10 third angled scenes.

Note that the multi-scene periods referenced herein
are basically assumed to comprise scenes recorded from
different angles. The scenes may, however, be recordéd from
tbe same angle but at different times, or they may be computer

15 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.

Scenes #8C1 and #SC3 are scenes recorded at the same

20 common camera angle during recording unit times Tl and T3,
i.e., before and after the multi-angle scenes. These scenes
are therefore called “comﬁon angle scenes." Note that one of
the multiple camera angles used in the multi-angle scenes is

usually the same as the common camera angle.



5to facilitate the use of arrows in the figure for easier description of
the data reproduction paths reproduced by selecting different angled
scenes. There is no actual tinme gap during playback. Milti-angle scene
control of the system stream based 10 on the present invention is

descri bed next with reference to Fig. 23 fromthe perspective of
connecting data blocks. The nultinedia data corresponding to conmon angl e
scene- #SC is referenced as common angle data BA, and the comobn angl e
data BA in recording unit tinmes Ti and T3 are referenced as BAl1 and 15
BA3, respectively. The nultinmedi a datt@icorresponding to the multiple angle
scenes #SML, #SM2, and #SM3 are referenced as first, second, and third
angl e scene data MAL, MA2, and MA3. As previously described with reference
to Fig. 33, scenes from the desired angled can be viewed by sel ecting one
of the 20 nmultiple angle data units MAL, MA2, and MA3. There is also no

time gap between the eonIAME.AdWH e da{arBALLaBGBA3 BREWEBA cabE iwl.L ANl e
data units MA1, MA2, and MA3. In the case of an MPEG system stream

however, i3R@tnit ERPEr eBKS tiln arigd ol eBARR K- PME B hat FoR=caT iRasuire 126
between the,Lap OQuffgngQHQHCQQQ gyl 4 plg anghe %eaéwte%ca%ﬁ? S Q§E§Ud' ng

upon the content of the data at the connection et ween the selecte
mul tiple angl e data ubhe dMdpoMA@ngandschhgsamdctihendomem’ ang ecdataiBA

(Eit- r tm%gigﬁg éégggﬁ‘c;ﬁgﬂéf;ﬁgfgf“ﬂhiﬁﬁfﬁéfﬁé¥;fﬁé¥f§é§”;§“t‘LiJkéﬁe
mul ti™-angl e :
from center field on the axis through the pitcher, batter, and
catcher.
The first angled scene #SM1l is recorded at the first
multi-camera angle, i.e., the camera angle from the backstop
10 on the axis through the catcher, pitcher, and batter. The
second angled scéne #8M2 is recorded at the second multi-
camera angle, i.e., the wview from center field on the axis
through the pitchexr, batter, and catcher. Note that the
second angled scene #SM2 is thus the same as the common camera
15 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 angle, i.e.,
the camera angle from the backstop focusing on the infield.
20 The presentation times of the multiple angle scenes
#SM1, #SM2, and #SM3 overlap in recording unit time T2; this
period is called the "muiti—angle scene period." By freely
selecting one of the multiple angle scenés #sM1, #sM2, and

#SM3 in this multi-angle scene period, the viewer is able to

25 change his or her wvirtual viewing position to enjoy a



5 scene period or the common angle data BA3 follow ng the angle selected
in the multi-angle scene period). The result in this case is that the
title streamis not naturally reproduced as a single contiguous title,
i.e., seanm ess data reproduction is achieved but non-seanl ess infornmation
reproduction results. 10 The nulti-angle selection process whereby one of
plural scenes is selectively reproduced fromthe nulti-angle scene period
with seanm ess informati on presentation. to the scenes before and after is
descri bed below with application in a digital video disk systemusing Fig.
23. 15 Changi ng the scene angle, i.e-]10%electing one of the nmultiple angle
data units MAI, MA2, and MA3, nust be conpleted before reproduction of the
precedi ng common angle data BAl is conpleted. It is extrenely difficult,
for exanple, to change to a different angle data unit MA2 during
reproduction of 20 common angl e data BAlL. This is because the nmultinedia

data has a yafiabee: | enghhoeoded MRS dat anstsHCEHE CacWibehcBRKES arg1e
difficult to find the data break points (boundaries) in the selected data

bl ocks. The %7 dee?n@yal sBobe &PsFuphéd awidiere reraRfie ¥ BRafgéd™Secaise
o oup.of i CRUT S BCP i ane et ing. 00 Ui Toof RO APEG Srandard SSRCARIS at
| east one reforesh doames #snd, ckased prdcRSSEnNgnnNbPigr efBr enbingibr ateely
bel ongy' ng tq _ anot her GQD [ ﬁ_hegossgbl e wthin this GOP @E‘Lo%g%sipgruniat . In
ot her “wor ds, S f “PHa-468FPed Hhgl&=d&tta, 38F°YS, in the iig 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 stream based
10 on the present invention is described next with reference to
Fig. 23 from the perspeétive cf connecting data blocks. The
multimedia data corresponding to common angle scene #SC is
referenced as common angle data BA, and the common angle data
BA in recording unit times Tl and T3 are referenced as BAl and
15 BA3, respectively. The multimedia data corresponding to the
multiple angle scenes #SM1l, #SM2, and #8M3 are referenced as
first, second, and third angle scene data MaAl, MA2, and MA3.
As previously described with reference to Fig. 33, scenes from
the desired angled can be viewed by selecting one of the
20 multiple angle data units MAl, MA2, and MA3. There is also
no time gap between the common angle data BAl1l and BA3 and the
multiple angle data units MAl, MA2, and MA3.
In the case o©of an MPEG system stream, however,

intermittent breaks in the playback information can result

25 between the reproduced common and multiple angle data units




5 MA3, is selected before reproduction reaches the nmulti-angle scene
period, and at the latest by the tinme reproduction of the preceding common
angle data BAl is conpleted, the angle data selected fromwthin the

mul ti-angl e scene period can be seam essly reproduced. However, it is
extrenely difficult 10 while reproducing one angle to select and seaml essly
reproduce another angle within the sanme nulti-angle scene period. It s
therefore difficult when in a nulti-angle scene period to dynamcally
select a different angle unit presenting, for exanple, a viewfroma
different canera angle. 15 Fl ow chartipzencoder The encodi ng i nformation
tabl e generated by the encoding systemcontroller 200 frominformation
extracted from the scenario data St7 is described below referring to Fig.
27. The encoding infornmation table contains VOB set data 20 streans
containing plural VOB corresponding to the scene periods beginning and

ending at the s¢ r i ng angd..conpecld ngnpoidYs, Apd LUB dahacstieans
correspondi%ﬁpﬁg%ggﬁﬁ g@%ﬁnggu%hegg V%E set data streams shown in Fig. 27
are the enpediwegn nfos nedieontédbhestgpher ahed catdasepril0MAh, Y2 . 33nd
-105- by the encodingesysten1contro | er. 200 f or

mul tinmedi a ¥PredtiBalBl ST (AR UefPhEd §1t f‘%{‘g%%%ggp%h%]i?/%ef?gg Pned
scenari 0 coghahRs dY@NCHE N0LPBLALSthEl QMGE@NTHRN SeRAR S Ocipd unal tseengde or
connection points to 5 other common scenes. The VOB correaggndkﬂg Lo ng
scenes scene period or the common angle data BA3 follo g g
selected in the multi-angle scene period). The result in this
~case is that the title stream is not naturally reproduced as
a single contigucus title, i.e., seamless data reproduction
is achieved but non-seamless information reproduction results.

10 The multi-angle selsction process whereby one of
plural scenes is selectively reproduced from the multi-angle
scene period with seamless information presentation to the
scenes before and after is described below with applicatien
in a digital video disk system using Fig. 23.

15 Changing the scene angle, i.e., selecting one of the
multiple angle data units MAl, MAZ2, and MA3, must be completed
before reproduction of the preceding common angle datg Bal is
completed. It is extremely difficult, for example, to change
to a different angle data unit MA2 during reproduction of

20 common angle data BAl. This is because the 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 correlations are used

25 in the coding process. The group_ of_pictures GOP processing



period delimted by these branching and connecting points is a VOB set,
and the data generated to encode a VOB set is the VOB set data stream The
title nunber specified by the VOB set data streamis the title nunber
TITLE NO of the VOB set 10 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 conprises: the VOB set nunber VOBS NO the VOB nunber VOB NO
in the VOB set, the preceding VOB seanl ess connection 15 flag VOB Fsb, the
foll owi ng VOB seanm ess connection flag VOB Fsf, the nulti-scene flag
VOB_Fp, the interleave flag VOB Fi,.-tbge-nmulti-angle flag VOB_Fm the

mul ti-angle seanless switching flag VOB FsV, the maxinum bit rate of the
interl eaved VOB ILV BR, the nunber of interleaved VOB 20 divisions |ILV DV,
and the mnimuminterl eaved unit presentation time |ILVU MI. The VOB set
nunber VOBS NO is a sequential nunber identifying the VOB set and the

posi tion of \1he VB el MpBal B8anhERGOGUGE L 9N SLAURNES: Ynd BR dddif £rame,

scenario. -106- The VOB nunmber VOB NO Is a sequential nunber identifying
the VOB and &t pdesedorpwofcadeivBrion tiwefereproducfiremeseqerehergbhy to

the-titl i o, di ng, VOB seani tion fl.ag VOB Fsb 5
R R B i e o A

requi red for scenari o repEOHYEt WBRA=s, if the desired angle data, e. g.,
5 MA3, is selected before reproduction reaches the multi-angle
scene pericd, and at the latest by the time reproduction of
the preceding common angle data BAl is completed, the angle
data selected from within the multi-angle scene period can be
seamlessly reproduced. However, it is extremely difficult
10 while reproducing one angle to select and seamlessly reproduce
another angle within the same multi-azngle scene period. It
is therefore difficult when in a multi-angle scene period to
dynamically select a different angle unit preéenting, for

example, a view from a different camera angle.

185 Flow chart: encoder

The encoding information table generated by the
encoding system controller 200 from information extracted from
the scenario data St7 is described below referring to Fig. 27.
The encoding information table contains VOB set data
20 - streams containing plural VOB corresponding to the scene
periods beginning and ending at the scene branching and
connecting points, and VOB data streams corresponaihg to each
scene. These VOB set data streams shown in Fig. 27 are the

encoding information tables generated at step #100 in Fig. 34




The foll ow ng VOB seanl ess connection flag VOB Fsf indicates whether there
Is a seanl ess connection with the followi ng VOB during scenario
reproduction. 10 The multi-scene flag VOB Fp identifies whether the VOB
set conprises plural video objects VOB. The interleave flag VOB Fi
identifies whether the VOB in the VOB set are interleaved. The nulti-angle
flag VOB Fmidentifies whether the 15 VOB set is a nmulti-angle set. The
mul ti-angle seanm ess switching flag VOB FsV identifies whether angle
changes within the nulti-angle scene period are seam ess or not. The

maxi mum bit rate of the interleaved-\i@ 4LV BR 20 defines the maxi num bit
rate of the interleaved VOBs. The nunber of interleaved VOB divisions ILV
DIV identifies the nunber of interleave units in the interleaved VOB. The
m nimuminterleave unit presentation tinme 25 ILVU Ml defines the tine that
can be reproduced when the bit -107- rate of the smallest interleave unit

at which a prackebWfesaidat %gegﬁrEBQWﬁthg% dons A0 QecHE kg i M mum
bit rate of the interleaved VOB I LV BR during interleaved bl ock
repr oduct i onelsimidianssdieny befsechan dhe alder fdafiomh MOSle gepeEartd by

the encoding SySten]CgagrQgggtdgggnggsggeggrggeéontains branching peoints
from common scenes to plural scenes, or connection points to

5 cther common scenes. The VOB ceorresponding to the scene
period delimited by these branching and connecting points is

a VOB set, and the data generated to encode a VOB set is the

VOB set data stream. The title number specified by the VOB

set data stream is the title number TITLE_NO of the VOB set

10 data stream.

The VOB Set data structure in'Fig. 27 shows the data
conteﬁt for enceoding one VOB set in the VOB set data stream,
and comprises: the VOB set number VOBS_NO, the VOB number
VOB_NO in the VOB set, the preceding VOB seamless connection
15 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 wmaximum kit rate of the

interleaved VOB ILV_BR, the number of interleaved VOB

20 divisions ILV_DIV, and the minimum interleaved unit
presentation time ILVU MT.

The VOB set number VOBS_NO is a sequential number

identifying the VOB set and the position of the VOB set in the

reproduction sequence of the title scenario.



scenario data St7 is described belowreferring to Fig. 28. The VOB
encodi ng paraneters described bel ow and supplied to the video encoder 300,
audi o encoder 700, and system encoder 10 900 for stream encoding are
produced based on this encoding information table. The VOB data streans
shown in Fig. 28 are the encoding information tables generated-at step
#100 in Fig. 34 by the encoding systemcontroller 200 for creating the DVD
15 rmul timedi a stream based on the user-defined title content. The encoding
unit is the video object VOB, and the data generated to encode each video
object VOB is the VOB data stream -HRo6 -exanple, a VOB set conprising three
angl e scenes conprises three video objects VOB. The data structure shown
20 in Fig. 28 shows the content of the data for encoding one VOB in the
VOB data stream The VOB data structure contains the video material start
time VOB VST, the video material end tine VOB VEND, the video signal type
VOB_V_KIND, the videorgacoghad Ridodat &y@B ¥o_BR the augichdmier ilmstart
time VOB AST, the audio - 108 material end tine VOB REND, the audi o coding
met hod V@%wwrtaﬁd e ¥0B oardAcodisggrbist tigre #BP%herhéfO@i dép the

mat eri al 5%# %%Qgtygg ol ggcgthV|$%g - co%kp erlg{t ti me correspondi ng

to the tine eo ma end tinme VOB VEND
is the video The preceding VOB seamless connection flag VOB_Fsb
5 indicates whether a seamless connection with the pfeceding‘VOB

is required for scenario reproduction.

The following VOB seamless connection flag VOB_Fsf
indicates whether there is a seamless connection with the
following VOB during scenario reproduction.

10 The multi-scenerflag VOB_Fp identifies whether the
VOB set comprises plural video objects VOB.

The interleave flag VOB _Fi identifies whether the
VOB in the VOB set are interleaved. -

The multi-angle flag VOB_Fm identifies whether the

15 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 afe seamless or not.

The maximum bit rate of the interleaved VOB ILV_BR

20 defines the maximum bit rate of the interleaved VOBs.

The number of interleaved VOB divisions ILV_DIV
identifies the number of interleave units in the interleaved
VOB.

The minimum interleave unit presentation time

25 ILVU _MT defines the time that can be reproduced when the bit



encoding end tinme corresponding to the tinme of the video signal. The video
material type VOB V KIND identifies 10 whether the encoded material is in
the NTSC or PAL format, for exanple, or is photographic material (a novie,
for exanple) converted to a television broadcast format (so-called

tel ecine conversion) The video encoding bit rate V _BRis the bit rate at
15 which the video signal is encoded. The audio material start tinme VOB AST
is the audio encoding start tine corresponding to the tine of the audio
signal. The audio material end tine VOB AEND is the audio 20 encoding end
time corresponding to the tinme of thaodgudio signal. The audi o coding

nmet hod VOB A KIND identifies the audio encoding nethod as AC-3, MPEG or
linear PCM for exanple. 109 The audio encoding bit rate ABRis the bit
rate at which the audio signal is encoded. The encodi ng paraneters used by
t he video encoder 300, sub-picture encoder 500, and audi o encoder 700, and

5 system enggder o300 HOLmYPB aRCQditRG 1318 ShWR idt kiicR% dheclensedtag
paranmeters include: the VOB nunber VOB_NO, video encode start tinme V STTM
vi deo encodéatpd urnidesx DLENBDTEMEg [oes not occur is the maximum bit rate

of the interleaved VOB ILV _BR during interleaved block
reproduction.“ .

S The encoding information tabkle for each VOB
generated by the encoding system contxoller 200 based on the
scenario data St7 isrdescribed below referring to Fig. 28.
The VOB encoding parameters described below and supplied to
the video encoder 300, audio encoder 700, and system encoder

10 900 for stream encoding are produced based on this encoding
informaticn 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 controllex 200 for creating the DVD

15 multimedia stream based on the user-defined title content.

The encoding unit is the video cobject VOB, and the
data generated tc encode each video object VOB is the VOB data
stream. For example, a VOB set comprising three angle scenes
comprises three video objects VOB. The data structure shown

20 in Fig. 28 shows the content of the data for encoding one VCB
in the VOB data stream.

The VOB data structure contains the video material
start time VOB VST, the video material end time VOB_VEND, the
video signal type VOB _V KIND, the video encoding bit rate

25 V_BR, the audio material start time VOB_AST, the audioc



vi deo encode node V ENCMD, the video encode bit rate V_RATE, the nmaxi num
vi deo encode bit rate V MRATE, the GOP structure 10 fixing flag GOP_Fxfl ag,
t he video encode GOP structure GOPST, the initial video encode data V

| NTST, the last video encode data V ENDST, the audio encode start time A
STTM the audio encode end tine A ENDTM the audio encode bit rate A
-RATE, the audio encode nethod A ENCVD, the audio start gap A STGAP, the
15 audi o end gap A ENDGAP, the preceding VOB nunber B VOB NO and the

foll owi ng VOB nunber F VOB NO. The VOB nunber VOB NO is a sequential nunber
I dentifying the VOB and the position108-the VOB in the reproduction
sequence of the title scenario. 20 The video encode start tinme V STTMi s
the start time of video material encoding. The video encode end tinme V
ENDTMis the end time of video material encoding. The video encode node V
ENCMD i s an encoding node 25 for declaring whether reverse tel eci ne

conversion shall;be - JLID aGGONPLbshethBuri RV dRaseRCOdbAGRE0 enablsa

efficient coding when the video material is telecine converted material.
The vi deo evieda_BINDr abedVthRAZEdis ehecdheagadd thittate HBBf vi deo

Fat e of i deo encodi na=TKE GBI EEFEACHr BRI HETFI 457605 Far] A s Pty es
encoding start time corresponding to the time of the. video
s signal.

The video material end time VOB_VEND is the video
encoding end time corresponding to the time of the wvideo
signal.

The videco material type VOB_V_KIND identifies

10 whether the encoded material is in the NTSC or PAL foxmat, for
example, or is photographic material (a movie, for example)
converted to a television broadcast format (so—called.tele;ine
conversion) .

The wvideo encodiﬁg bit rate V_BR is the bit rate at

15 which the video signal is encoded.

The audio material start time VOB_AST is the audio

encoding start time corresponding to the time of the audio

signal.

The audio material end time VOB_AEND is the audio

20 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.




whet her encoding is acconplished wi thout changing the GOP structure in the
m ddl e of the video encoding process. This 10 is a useful paraneter for

decl ari ng whet her seanmless switch is enabled in a multi-angle scene
period. The video encode GOP structure GOPST is the GOP structure data
fromencoding. The initial video encode data V INTST sets the 15 initial
val ue 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 paraneter for declaring sean ess reproduction with the
precedi ng encoded video stream 20 Thgel.ast 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
decodi ng buffer. This is a useful paraneter for declaring seanless
reproduction with the preceding encoded 25 video stream - 111 The audio

encode start tinme A ST I s _t.he start ti o] ter odi n The
audi o encode end time A ENDTRIsSPREERT Cik ragF A Ha £ %§%|§¥geh%%%lng
5 The audi o engede thiet and@ie AioRALE iiss etrhﬁxmd rate used for audio

encodi ng. The audi o encode nethod A ENCVD identifies_ the_audio

The encoding parameters used by the v1deo encoder

300, sub-picture encoder 500, and audio encoder 700, and

S system encoder 3500 for VOB encoding are shown in Fig. 29. The

encoding parameters include: the VOB number VOB_NO, wvideo

encode start time V_STTM, video encecde end time V_ENDTM, the

video encode mode V;ENCMD, the video encode bit rate V_RATE,

the maximum video encode bit rate V_MRATE, the GOP structure

10 fixing flag GOP_Fxflag, thé video encods GOP structure GOPST,

the initiél video encode data V_INTST, the last video encode

- data V_ENDST, the audio encode starxt time A_STTM, the audio

encode end time A_ENDTM, the audic enccde bit rate A_RATE, the

audio encode method A_ENCMD, the audio start gap A_STGAP, the

15 audio end gap A_ENDGAP, the preceding VOB number B_VOBE_NO, and
the feollowing VOB number F_VOB_NO.

The VOB number VOB _NO i1is a sequential number
identifying the VOB and the positicn of the VOB in the
reproducticn seguence of the title scenario.

20 The video encode start time V_STTM is the start time
of video material encoding.

The video encode end time V_ENDTM is the end time
of video material encoding.

The video encode mode V_ENCMD is an encoding mode

25 for declaring whether reverse telecine conversion shall be




encodi ng nethod as AC-3, MPEG or |inear PCM for exanple. The audio start
gap A STGAP is the tine offset 10 between the start of the audio and video
presentation at the beginning of a VOB. This is a useful paraneter for
declaring seanless reproduction with the precedi ng encoded system stream
The audio end gap A ENDGAP is the time offset 15 between the end of the
audi o and video presentation at the end of a VOB. This is a useful
parameter 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 seam egaby connected 20 preceding VOB. The
follow ng VOB nunber F VOB NOis the VOB NO of the follow ng VOB when
there is a seam essly connected follow ng VOB. The operation of a DvVD
encoder ECD according to the 25 present invention is described below with
reference to the -112- flow chart in Fig. 34. Note that the steps shown

with a do%@orb%ﬂgsﬁéa SuUbr QUtiNgs, éﬁ?ég%;L&%n%%we%%ftﬂzaiteméo%iﬁéle

operation described bel ow relates specifica In this case to the DV
encoder ECD/léntheeprédent mpheenbilons tled ey igpeecarivertdesarathadial so

applies to an aut hori,gg enc der EC. A}It_;.ste #ép%cbé,tche.su% ry ian uts t:}%
edi ting commands accordi hgoto TheCTse %Ee?$5% Hario %hlle%uﬁﬁ? fg
t he rate of video encoding.
S The maximum wvidec encede bit rate V_MRATE 1is the
maximum bit rate of video encoding.

The GOP structure fixing flag GOP_Fxflag specifies
whether encoding is accomplished without changing the GOP
structure in the middle of the video encoding process. This

10 is a useful parameter for declaring whether seamless switch
is enabled in a multi-angle scene period.

The wvideo encode. GOP structure GOPST is the GOP
"structure data from encoding.

The initial wvideo encode data V_INTST sets the

15 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 encoded
video stream.

20 The last video encode data V_ENDST sets the end
value of the VBV buffer (decoder buffer) at the end of video
encoding, and is referenced during video decoding to
initialize the decoding buffer. This is a useful parameter for
declaring seamless reproduction with the preceding encoded

25 video stream.




content of the nultinedia source data streans St1l, St2, and St3. 10 At
step #200, the scenario editor 100 generates the scenario data St7

contai ning the above edit command information according to the user's
editing instructions. Wien generating the scenario data St7 in step #200,
the user editing conmands related to nulti-angle and parental 15 |ock

mul ti-scene periods in which interleaving is presunmed nust be input to
satisfy the followi ng conditions. First, the VOB nmaxi mum bit rate nust be
set to assure sufficient inmage quality, and the track buffer capacity,
junp performance, junp tinme, and junpnidi-stance of 20 the DVD decoder DCD
used as the reproduction apparatus of the DVD encoded data nust be

determ ned. Based on these values, the reproduction time of the shortest
interleaved unit is obtained fromequations 3 and 4. Based on the
reproduction tinme of each scene in the nulti-scene period, it nmust then be
25 determ ned whet her 1@quats9BS.p-48d & 2re Sald 8f is@dw bt edd3scLAuatiQns 5
and 6 are not satisfied, the user nust change the™ edit conmands unti l
equat i ons 5e@ndudiar magsetriiefli edicpdinfior exanpl e, connecting part of the
followi ng scene to eagh scene in the multi-scen gd. 5 _Wen .

mul ti-angle edit conn%%&sagréch§EEOQ§nﬁﬂ on- ﬁﬁgﬁﬁ%g égtfghigﬁﬁcﬁlme
seanl ess swhfchuage andeedatl eomFgaeg. nmatching the audi o reproduction tine
W th ghe reproducti on

The audioc encede bit rate A _RATE is the bit rate
used for audic encoding.
The audio encode method A_ENCMD identifies the audio
encoding method as AC-3, MPEG, or linear PCM, for example.
The audic start gap A_STGAP 1is the time offset
10 between the start of the audio and video presentation at the

beginning of a VOB. This is a useful parameter for declaring

seamless xeproduction with the preceding encoded system

stream.
The audico end gap A ENDGAP is the time offset
15 between the end of the audic 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 VOB_NO of

the preceding VOB when there is a seamlessly connected
20 preceding VOB.

The following VOB number F_VOB_NO is the VOB_NO of
the following VOB when there is a seamlessly connected
following VOB.

The operation of a DVD encoder ECD according to the

25 present invention is described below with reference to the




time of each scene in each angle nust be entered. If non- seanl ess
swtching is used, the user nust enter conmmands to 10 satisfy equation 8.
At step #300, the encoding systemcontroller 200 first detern nes whether
the target scene is to be seam essly connected to the precedi ng scene
based on the scenario data St7. 15 Note that when the precedi ng scene
period is a nulti-scene period conprising plural scenes but the presently
sel ected target scene is a commobn scene (not in a nulti-scene period) , a
seanl ess connection refers to seanm essly connecting the target scene with
any one of the scenes contained in thel20 preceding nulti-scene period.
When the target scene is a nulti-scene period, a seanl ess connection stil
refers to seam essly connecting the target scene with any one of the
scenes fromthe same nulti-scene period. If step #300 returns NO, i.e., a
non-seam ess 25 connection is valid, the procedure noves to step #400.

-1lla- At st enc#d0fnatheiancodi Ngs3syst apconthak! alhL00cepseishdvhie pLeged ng
VOB seamnl ess connection flag VOB Fsb indicating whether there is a
seani ess coﬁlﬁ@a%eor%l@@t ween sukeocutdngst: add precédi kg sberess thetprddddure

then noves E% ”ﬁQQOdeS@r&QSdOEQE&WPQPglaLLSSE%%é$¥¥%Jf¥§”Pﬁ ¥§§B

i.e., there is a sea ess connection to the preced scene
case to the DVD encoder ECD of the present invention, the

S operation described also applies to an authoring enceder EC.
At step #100, the user inputs the editing commands
according to the user-defined scenarioc while confirming the
content of the multimedia source data streams Stl, St2, and

St3.

10 At step #200, the scenario editer 100 generates the
scenarioc data St7 containing the above edit command
information according to the user’s editing instructions.

When generating the scenarioc data St7 in step #200,
the user editing commands related to multi-angle and parental

15 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 gquality, and the track buffer
capacity, Jjump performance, jump time, and jump dis;ance of

20 ' the DVD decoder DCD used as the reproduction apparatus of the
DVD encoded data must be determined. Based on these wvalues,
the reproduction time of the shorﬁest interleaved unit is
obtained from equations 2 and 4. Based on the reproduction
time of each scene in the multi-scene period, it must then be

25 determined whether equaticons 5 and 6 are satisfied. IE




procedure noves to step #500. At step #500 the encoding systemcontroller
200 sets 10 the preceding VOB seanl ess connection flag VOB Fsb. The
procedure then noves to step #600. At step #600 the encodi hg system
controller 200 determ nes whether there is a seamnl ess connection between
the target and follow ng scenes based on scenario data St7. if 15 step
#600 returns NO, i.e., anon-seam ess connection is valid, the procedure
noves to step #700. At step #700, the encodi ng systemcontroller 200
resets the follow ng VOB seanl ess connection flag VOB_Fsf indicating
whet her there is a seanl ess connectionmi{h the 20 foll owm ng scene. The
procedure then noves to step #900. However, if step #600 returns YES,
i.e., there is a seamnless connection to the foll ow ng scene, the procedure
noves to step #800. - 115 At step #800 the encodi ng system controller 200
sets the follow ng VOS seanl ess connection flag VOB Fsf. The procedure

then nmoves to4SLeRoHR08. ahl §tL2Pe #900 Lde; £pc0gi NG, SYSI &M SOt r&}iézgée 200 S

determ nes whether there is nore than connectioh target scene,
whet her a nmugtktscenmapdsi ogitiis ssheatieshs baseddoa hke sstdpdtien dat.a S

As previouslgxgggggibgghnghgtg are two $oss%£%@ control nethods in
mul ti-scene peribds’ parentar PoRR*TcBhtTF TS DTS DR DI PFUrHiene
possi bl e reptadunti AnlpatBsene period.
5 When multi-angle edit commands are used, equation
7 must be satisfied fér seamless 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

10 satisfy equation 8.

At step #3000, 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
5t7.

15 Note that when the preceding scene period is a
multi-scene period comprising plural scenes but the presently
selected target scene is a common scene (not in a multi-scene
preriod) , a seamless connection refers to seamlessly connecting
the target scene with any one of the scenes contained in the

20 preceding multi-scene period. When the target scene is a
multi-scene period, a seamless connection still refers to
seamlessly connecting the target scene with any one of the
scenes from the same multi-scene peried.

If step #300 returns NO, i.e., a non-seamless

25 connection is valid, the procedure moves to step #400.




10 that can be constructed fromthe scenes in the nulti-scene period is
reproduced, and nmulti-angle control whereby the reproduction path can be
switched within the multi-scene period to present different view ng
angles. If step #900 returns NO i.e., there are not 15 nultiple scenes,
the procedure noves to step #1000. At step #1000 the nulti-scene flag

VOB Fp identifying whether the VOB set conprises plural video objects VOB
(a nmulti-scene period is selected) is reset, and the procedure noves to
step #1800 for encode paraneter production. 20 This encode paraneter
production subroutine is described bekpw However, if step #900 returns
YES, there is a multi- scene connection, the procedure noves to step #1100.
116- At step #1100, the nulti-scene flag VOB Fp is set, and the procedure
noves to step #1200 whereat it is judged whether a nmulti-angle connection
Is selected, or not. At step #1200 it is determ ned whether a change is 5

made between plural scgneg i #E%Jnnt??sggnedgﬁrlo seeé3¢on%€§i?8% %Oﬁo

mul ti-angl e scene period Is gelectéd returns
scene changeeisstal | ohed pxeddidingll Vb &m&mﬂ¢x§|adnaacpabmﬂﬂﬂaéowbacmmucﬂ

repr oduci ng .onl.,y one r%Production ath has been sel ected, %g%rocedure
noves to 10TSEERHISOOT AR ?ﬂ?’é@(’? tahé’eﬁﬁ‘llteﬁsaﬁaf"é‘eﬂtéé’ Fpen the

target and preceding scenes. The procedure then moves to step
5 #600.

Cn the other hand, if step #300 returns YES, i.e.,
there 1s a seamless connecticon to the preceding scene, the
procedure moves to step #500.

At step #500¢ the encoding system controller 200 sets

10 the preceding VOB sgeamless connection flag VOB_Fsb. The
procedure then moves to step #600.

At step #600 the encoding system controller 200
determines”whether there is a seamless connection between the
target and following scenes based on scenarioc data sSt7. If

15 step #600 returns NO, i.e.,” a non-seamless connection is
valid, the procedure moves to step #700.

At step #700, the encoding system controller 200
resets the following VOB seamless connection flag VOB_Fsf
indicating whether there is a seamless connection with the

20 following scene. The procedure then moves to step #9500.

However, if step #600 returns YES, i.e., there is

a seamless connection to.the following scene, the procedure

moves to step #800.



i dentifying whether the target connection scene is a nmulti- angle scene is
reset, and the procedure noves to step #1302. At step #1302 it is

determ ned whet her either the 15 preceding VOB seanl ess connection flag
VOB Fsb or following VOB seamnl ess connection flag VOB Fsf is set. If step
#1302 returns YES, i.e., the target connection scene seanl essly connects
to the preceding, the following, or both the preceding and follow ng
scenes, the procedure noves to step 20 #1304. At step #1304 the interleave
flag VOB_Fi identifying whether the VOB, the encoded data of the target
scene, is interleaved is set. The pnggedure then noves to step #1800. -
117 However, if step #1302 returns NO i.e., the target connection scene
does not seanl essly connect to the preceding or follow ng scene, the
procedure noves to step #1306. At step #1306 the interleave flag VOB Fi is
reset, 5 and the procedure noves to step #1800. If step #1200 returns YES,

however, i. e., there,is | - ngle [0 nnectlo t he procedur poves to
step #1400.. At step %%4%635[%é§¢n1 |?3ﬁ8 e Pldﬁ n1§ﬁ E?ﬁ e%?eavé”?lag

VOB _Fi are k¢, fariddvhieigr l’voedtsremme% tonndOtribep #SH0 Vol mifep #1H0

t he encodlﬁgg % em co troIIer 200 determ nes whet her the audi o and vi deo
can be sea el ?éurgmf BReB°VASatRUFEPPaf§P8 -scene period, i.e., at a

At step #3500 the encoding system controller 200
5 determines whether there is more than connection target scene,
i.e., whether a multi-scene period is selected, based on the
scenarioc data St7. As previously described, there are two
possible contreol methods in multi-scene periods: parental lock
contreol whereby only cone of plural possible reproduction paths
10 that can be constructed from the scenes in the multi-scene
period is reproduced, and multi-angle control whereby the
reproduction path can be switched within the multi-scene
period to present different viewing angles.
If step #900 returns NO, i.e., there are not
15 multiple scenes, the procedure moves to step #1000.
At step #1000 the multi-scene flag' VOB_Fp
identifying whether the VOB set comprises plural video cbjects
VOB (a multi-scene period is selected) is reset, and the
Procedure moves to step #1800 for encode parameter production.
20 This encode parameter production subroutine is described
below.
However, if step #900 returns YES, there is a multi-

scene connection, the procedure moves to step‘#lloo.



reproduction unit smaller than the VOB, based on the scenario 15 data St7.
If step #1500 returns NO i.e., non-seam ess swtching occurs, the
procedure noves to step #1600. At step #1600 the nulti-angle seanl ess
switching flag VOB _FsV indicating whether angle changes within the

mul ti-angl e scene period are seamless or not is reset, and the 20
procedure noves to step #1800. However, if step #1500 returns YES, i.e.,
seani ess swi tching occurs, the procedure noves to step #1700. At step
#1700 the multi-angle seanml ess switching flag VOB FsV is set, and the
procedure noves to step #1800. - 118iJperefore, as shown by the flow chart
in Fig. 51, encode paraneter production (step #1800) is only begun after
the editing information is detected fromthe above flag settings in the
scenario data St7 reflecting the user-defined 5 editing instructions.
Based on the user-defined editing instructions detected fromthe. above

flag settings in the scepario.darg S oEOTURLEQNEhSAYURM L0 e ce.

encodi ng information tab for fhe et unirts an s as shown
in Figs. 27amddche 28dcedeneodertde souUstepstiieans wientedtheientedijngiged
parameters of the VOB data units shown in Fi 29 are roduced in step

#1800. The ‘ﬁ?%%%ﬁﬁr% Fﬁéﬁlnﬁvgéet 8°§P§ﬁt#i’§‘06%f §elacdcs -afF teo
encodi ng. The encode pargpebegipreductignastepsihstepnéi8Rd) a change is

5 made between plural scenes in the multi-scene periced, i.e.,
whether a multi-angle scene period is selected. If step #1200
returns NO, i.e., no scene change is allowed in the multi-
scene periocd as parental lock control reproducing only one
reproduction path has been selected, the procedure moves tb

10 step #1300.

At step #1300 the multi-angle flag VOB_Fm
identifying whether the target connection scene ié a multi-
angle sc¢ene is reset, and the procedure moves to stepr#1302.

At step #1302 it is determined whether either the

i5 preceding VOB seamless connection flag VOB_Fsb or following
VOB seamless connection flag VOB_Fsf is set. If step #1302
returns YES, i.e., the target connection scene seamlessly
connects to the preceding, the following, or both the
preceding and following scenes, the procedure moves Lo step
20 #1304.

At step #1304 the interleave flag VOB_Fi identifying

whether the VOB, the encoded data of the target scene, is

interleaved is set. The procedure then moves to step #1800.




15 are described in greater detail belowreferring to Figs. 52, 53, 54,
and 55. Based on the encode paraneters produced in step #1800, the video
data and audi o data are encoded in step #1900, and the procedure noves to
step #2000. 20 Note that the sub-picture data is normally inserted during
vi deo reproduction on an as-needed basis, and contiguity with the
preceding and followi ng scenes is therefore not usually necessary.

Mor eover, the sub-picture data is normally video information for one
frame, and unlike 25 audio and video data havi ng an extended tine-base,
sub-picture - 119 data is usually statije,  and is not normal ly presented
continuously. Because the present invention relates specifically to

seanl ess and non-seanl ess contiguous reproduction as descri bed above;
description of sub-picture 5 data encoding is omitted herein for
sinplicity. Step #2000 is the last step in a | oop conprising steps #300 to

step #2000, and causes_this Loogfto be repeated as nmany tinmes _as there are
VOB Sets. This | oop forREtEthet pfodP aft thai e PEH ¢ 'c’oﬁ?’eﬁ e

reproduct i OrneSRRIEHLEn 1d-ahd Qtdemdendicddon, | J¥d8 it ther peach V@B i n
the title (Fig. 16) in the programchain data structure, interleaves the

VOB in the WA tfektetitnPefrons; hhe coppeduas Py ePOBSEtFatid 3 r eam and

VOB dat t ded t : ' .
TOVes to step #2100, AL 0L SYSLEUbStERAM §0CRILOG. £IhE RERCEULE thSu.,

5 and the procedure moves to step #1800.

If step #1200 returns YES, however, i. e., there is
a2 multi-angle connection, the procedure moves to step #1400.

At step #1400, the nmulti-angle £flag VOB_Fm and
interieave flag VOB_Fi are set, and the procedure moves to

10 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 peried, i.e., at a
reproduction unit smaller than the VOB, based on the scenario

.15 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 changes within cthe
multi-angle scene period are seamless or not is reset, and the

20 Procedure moves to step #1800.

However, if step #1500 returns YES, i.e., seamless
switching occurs, the pr&cedure moves to step #1700.

At step #1700 the multi-angle seamless switching

flag VOB_FsV is set, and the procedure moves to step #1800.




15 At step #2100 the VOB Set data streamis conpleted as the encoding

I nformation table by adding the total nunber of VOB Sets VOBS NUM obt ai ned
as aresult of the loop through step #2000 to the VOB Set data stream and
setting the nunber of titles TITLE NO defining the nunber of scenario 20
reproduction paths in the scenario data St7. The procedure then noves to
step #2200. System stream encodi ng producing the VOB (VOB#i) data in the
VIS title VOBS (VISTT VOBS) (Fig. 16) is acconplished in step #2200 based
on the encoded video stream 25 and encoded audi o stream out put from step
#1900, and the - 120 encode paranetegin Fig. 29. The procedure then
noves to step #2300. At step #2300 the VIS information VTSI, VTSI
managenent table VTSI _MAT, VTISPGC information table VIS PGCIT, 5 and the
program chain information VIS PGCl#i controlling the VOB data reproduction
sequence shown in Fig. 16 are produced and formatting to, for exanple

i nterl eave the VOB conhg %1;@ F%JWIIlI ‘?cgﬂg E%Elwo%axlé §ged
ot

The specific steps execut orna i Nng “operation are 10
bel ow wi th estedenpertmefiegs pré@,ucﬁﬁ,ozﬁl(st&’@ b ®3.id hmb:mcbelgupaaaﬁeter

production subro | ne shown as ep #180Q in Fi 4B I s .desc |bed
using Figs.B%, ®31t13g( WWW%@ sy ﬂFtﬁﬁ‘éﬁ%I F% 2825

generating. thec 1886098 PALADBLLLS:ib0fa Ul &i m&@@mé%he user-defined

5 editing instructions.

Based on the user-defined editing - instructions
detected from the. above flag settings in the scenario data
St7, information is added to the enceoding information tables
for the VOB Set units and VOB units as shown in Figs. 27 and

10 28 to encode the source streams, and the encoding parameters
of the VOB data units shown in Fig. 29 are produced, in step
#1800. The procedure then mowves to ste? #1900 for audio and
video encoding. -

The encode parameter producticn steps (step #1800)

15 are described in greater detail below referring to Figs. 52,
53, 54, and 55.

Based on the encode parameters produced in step
#1800, the wvideo data and audio data are enceded in step
#1900, and the procedure moves to step #2000.

20 Note that the sub-picture data is normally inserted
during video reproduction on an as-needed basis, and
contiguity with the pfeceding and following scenes is
therefore not usually necessary. Moreover, the sub-picture
data is normally video information for one frame, and unlike

25 audio and video data having an extended time-base, sub-picture



15 Starting fromFig. 35, the process for generating the encode paraneters
of a non-seam ess switching streamwith nulti-angle control is described
first. This streamis generated when step #1500 in Fig. 34 returns NO and
the following flags are set as shown: VOB Fsb = 1 or VOB Fsf =1, 20

VOB Fp =1, VOB Fi =1, VOB Fm= 1, and VOB FsV = 0. The follow ng
operation produces the encoding information tables shown in Fig. 27 and
Fig. 28, and the encode paranmeters shown in Fig. 29. At step #1812, the
scenari o reproduction sequence 25 (path) contained in the scenario data
St7 is extracted, the - 121 VOB Set P@ﬁber VOSS NO is set, and the VOB
nunber VOB NOis set for one or nore VOB in the VOB Set. At step #1814 the
maxi num bit rate ILV.BR of the interleaved VOB is extracted fromthe
scenario data St7, and 5 the maxi num video encode bit rate V MRATE from

t he encode paraneters is set based on the interleave flag VOB _Fi setting
(=1) . At step #1816, the mnimuminterleaved unit presentation tinme [LVU

MI is extral@sd f idn tfeaddanasiFdtdara 280G SE?. APtstRp P381¥, PhESTRE&s

encode GOP structure, GPST values N = 45 ang Mznd anensticidnd £heacoR
structure fixing flag GOP_Fxflag is set (= 1), based on the nmulti-scene

flag VOB Fprsetifiigplly 1) to seamless and non-seamless contiguous

reproduction as described above; description of sub-picture

1 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 locop formats the
program chain VTS_PGC#i to contain the reproduction sequence

10 and other reproducﬁion information for each VOB in the title
(Fig. 16) in the program chain data structure, interleaves the
VOB in the multi-scene pericds, and completes the VOB Set data
stream and VOB data stream needed for system stream eﬁcoding.
The procedure then moves to step #2100.

15 At step #2100 the VOB Set data stream is completed
as the encoding information table by adding the total number
of VOB Sets VOBS_NUM obtained as a result of the loop through
step #2000 to the VOB Set data stream, and setting the number
of titles TITLE NO defining the numbexr of scenario

20 reproduction paths in the scenario data St7. The procedure
then moves to step #2200.

System stream éncoding producing the VOB (VOB#i)
data in the VTS title VOBS (VISTT _VOBS) (Fig. 16) is
accomplished in step #2200 based on the encoded video stream

25 and encoded audio stream output £from step #1300, and the




15 Step #1820 is the comon VOS data setting routine, which is described
below referring to the flow chart in Fig. 36. This common VOB data setting
routi ne produces the encoding information tables shown in Figs. 27 and 28,
and the encode paranmeters shown in Fig. 29. 20 At step #1822 the video
material start time VOB VST and video naterial end tine VOB VEND are
extracted for each VOB, and the video encode start tinme V STTM and vi deo
encode end tine V ENDTM are used as video encodi ng paraneters. At step
#1824 the audio material start tine VOB AST 25 of each VOB is extracted
fromthe scenario data St7, and the {¥¢- audio encode start tine A STTMis
set as an audi o encoding paraneter. At step #1826 the audio material end
time VOB AEND is extracted for each VOB fromthe scenario data St7, and at
5 a tinme not exceeding the VOB _ AEND tinme. This tinme extracted at an audio
access unit (AAU) is set as the audi 0 encode end time A ENDTM V\:hi ch is an
audi o encodi n ar arreter Not e t h%e aug 0 acces uni t AAZ_LLJ I:8ves o
det erm ned S BRiF 8 2Rt odi g lﬁ‘et %t PECSS FISd tHe B0drS Sfart
gap A STGARBtelt a#zmpb fromthe difference between the video encode start
time V STTM and the audi o encode start tine A STIMis defined as a_s stem
encode parameter. At &t eFY¥EEB3¢F 20O atdico ¥RF gAPTRTPRBERP ot Sitned VTSI

management table VISI_MAT, VISPGC information table VIS_PGCIT,

‘5 and the program chain information VTS_PGCI#i controlling the
VOB data reproduction seguence shown in Fig. 16 are produced,
and formatting to, for example, interleave the VOB contained
in the multi-scene periods, is accomplished. The specific
steps executed in this formatting cperation are described

10 below with reference to Figs. 49, 50, 51, 52, and 53.

The encode parameter production subroutine shown as
step #1800 in Fig. 34B is desc¢ribked next using Figs. 52, 53,
and 54 using'by way of example the operation generating the
encode parameters for multi-angle contrel.

15 Starting from Fig. 35, the process for generating
the encode parameters of a non-seamless switching stream with
multi-angle contrel 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 or VOB_Fsf = 1,

20 VOB_Fp = 1, VOB_Fi = 1, VOB_Fm = 1, and VOB_FsV = O. The
following operation produces the encoeding information tables
shown in Fig. 27 and Fig.'ze, and the encode parameters shown
in Fig. 29.

At step #1812, the scenario reproduction sequence

25 {path) contained in the scenario data St7 is extracted, the



15 fromthe difference between the video encode end tine V ENDTM and the
audi o encode end tine A ENDTMis defined as a system encode paraneter. At
step #1832 the video encoding bit rate VBRis extracted fromthe scenario
data St7, and the video encode bit 20 rate V -RATE, which is the average
bit rate of video encoding, 1is set as a video encoding paraneter. At step
#1834 the audio encoding bit rate A-BRis extracted fromthe scenario
data St7, and the audio encode bit rate A -RATE is set as an audio
encodi ng paraneter. - 123 At step #1836 the video material type VOB V KI ND
is extracted fromthe scenario data;$j7. If the material is a filmtype,
i.e., a novie converted to television broadcast format (so-called tel ecine
conversion) reverse telecine 5 conversion is set for the video encode node
V ENCMD, and defined as a video encoding paraneter. At step #1838 the
audi o coding nethod VOB A KIND is extracted fromthe scenario data St7,

and the encodi ng net ho IS, _set _as .the audi o encode thod, A_E d. set

as an audidwaﬂogﬁﬁcBHpﬁﬁrpgpgﬁeﬁgml%MS?ﬁ%x? 8i%etH§EiﬁFPF§F vi%e@ﬁgﬁf%de

data V_INTSet sebs bhe boi hbak vabuenotnth&c¥B¥ehuffer to a value less than
the VBV buffer end value set by the | ast video encode data V ENDST, and

defined as a video endbdiskgrpdiidiet erhe 1Banimsrepi#162L5 ¢ LB nGtbéhe
\(ELﬁK)Of tIﬁEé@f&QQEHgVOB is extracted from the scenario data St7, and

5 the maximum videc encode kit rate V_MRATE from the encode
parameters is set based on the interleave flag VOB_Fi setting
(= 1).
At step #1816, rthe minimum interleaved unit
presentation time ILVU MT is extracted from the scenario data
10 st7. |
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).
15 Step #1820 is the common VOB data setting routine,
. which is described below referring to the flow ch;rt 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.
20 At step #1822 the video material start time VOB_VST
and video material end time VOB _VEND are extracted for each
VOB, and the wvideo encodé start time V_STTM and video encode
end time V_ENDTM are used as videco encoding parameters.
At step #1824 the audio material start time VOB_AST

25 of each VOB is extracted from the scenaric data St7, and the
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connection is set to the preceding VOB 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 #1844 the VOB nunber VOB _NO of
the followng 20 connection is set to the follow ng VOB nunber F VOB_NO
based on the setting (= 1) of the follow ng VOB seanl ess connection flag
VOB Fsf, and set as a system encode paraneter. The encodi ng information
table and encode paranmeters are thus generated for a multi-angle VOB Set
Wi th non-seam ess 25 nulti-angle switching control enabled. -124- The
process for generating the encode parggeters of a seamn ess switching stream
with nmulti-angle control is described“below with reference to Fig. 37.

This streamis generated when step #1500 in Fig. 34 returns YES and the 5
fol | ow ng flags are set as shown: VOB Fsb = 1 or VOB Fs =1, VOB Fp =
VOB Fi =1, VOB Fm= 1, and VOB Fs V = 1. The follow ng operation produces
t he encodi ng |nforrrat|on tables _shown in Fig. 27 and Fig c18 ﬁ
encode par afetePs SIS FTRET gF129. 245 TFHe %I?%’W ke SBeraa oh epr?“f)ouce
the encodi ngz-LRteeration tables shown in Fig. 27 and Fig. 28, and the
encode parameters shown in Fig. 29. At step #1850, the scenario

r epr oduct i on sequenceAt( FEEp) #a@Reaitied ail-‘!@ltﬂh@%@é‘ﬁ-a‘f'rli Erfhtta 'R V3B AEND

?étraCted theex%rac orn%g% rV¥QB§rom eﬂyyiéiggééjééﬁvﬁﬁﬁdVgg NO
5 a time not exceeding the VOB_AEND time. This time extracted

at an audic access unit (AAU) is set as the audio encode end
time A_ENDTM which is an audio encoding parameter. ©Note that
the audio access unit AAU is determined by the audioc encoding
method.

10 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 time A STTM is defined as & system
encode parameter. 7

At step #1830 the audio end gap A ENDGAP obtained

15 from the difference between the video encode end time V_ENDTM
and the audio encode end time A_ENDTM is deﬁined 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

20 rate V_RATE, which is the average bit rate of video encoding,
is set as a video enceoding parameter.

At step #1824 Ehe audio encoding bit rate A_BR is
extracted from the scenario data St7, and the audio encode bit

rate A RATE is set as an audio encoding parameter.




set for one or nore VOB in the VOB Set. At step #1852 the maxinmnumbit rate
ILV BR of the. interleaved VOB is extracted fromthe scenario data St7, and
t he maxi num vi deo encode bit rate V_MRATE fromthe encode 20 paraneters is
set based on the interleave flag VOB Fi setting (= 1) . At step #1854, the
m nimuminterleaved unit presentation tinme ILVU Ml is extracted fromthe
scenario data St7. -125- 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 nulti-scene flag VOB Fp setting (=
1). 5 At step #1858, the video encodg,@P GOPST is set to "closed GOP"
based on the nulti-angle seanless switching flag VOB FsV setting (= 1),
and the video encoding paraneters are thus defined. Step #1860 is the
common VOB data setting routine, 10 which is as described referring to the
flow chart in Fig. 35. Further description thereof is thus omtted here

The encode paraneters_of a seam ess switching strea mﬁth‘pulti-aﬂgée.
control are thus defifitdSFBP B18ARB St Wit g‘i‘ﬁﬁ?’?l- JiF oo - - 1S

described aboveacddaThech @HRSSdea HeNeiAld NG he eacode pakammlarsida a
system streamin which parental |ock control is inplenented
film type, i.e., a movie converted to television broadcast
format (so-called telecine conversion), reverse telecine
5 conversion is set for the video encode mode V_ENCMD, and
defined as a video encoding parameter.

At step #1828 the audio coding method VOB_A KIND is
extracted from the scenario‘data &t7, and the encoding method
is set as the audio encode method A _ENCMD and set as an audio

10 encoding parameter. -

At step #1840 the initial video enccde data V_INTST
sets the initial value of the VBV buffer to a value less than
the VBV buffer end value set by the last video encode data
V_ENDST, and defined as a video encoding parameter.

15 At step #1842 the VOB numbex VOB_NO of the preceding
connection is set to the preceding VOB number B_VOB_NO based
on the setting (= 1) of the preceding VOB seamless connection
flag VOB_Fsb, and set as a system enccde parameter.

At step #1844 the VOB number VOB_NO of the following

20 connection is set to the following VOB number F_VOB_NO based
on the setting (= 1) of the following VOB seamless connectiocon
flag VOB_Fsf, and set as-a system encode parameter.

The encoding information table and encode parameters
are thus generated for a multi-angle VOB Set with non-seamless

25 multi-angle switching control enabled.



I's described belowwth reference to Fig. 38. This streamis generated
when step #1200 in Fig. 34 returns NO and step #1304 returns YES, i.e.,
the following flags are set as shown: 20 VOB Fsb = 1 or VOB Fsf =1, VOB Fp
=1, VOB F =1, VOB Fm= 0. The follow ng operation produces the encodi ng
i nformation tables shown in Fig. 27 and Fig. 28, and the encode paraneters
shown in Fig. 29. At step #1870, the scenario reproduction sequence 25
(path) contained in the scenario data St7 is extracted, the - 126 VOB Set
nunber VOBS NO is set, and the VOB nunber VOB NOis set for one or nore
VOB in the VOB Set. At step #1872 the ximumbit rate ILV_BR of the

interl eaved VOB is extracted fromthe enario data St7, and 5 the maxi mum
vi deo encode bit rate V_MRATE fromthe encode paraneters is set based on
the interleave flag VOB Fi setting (= 1) . At step #1872 the nunber of
interleaved VOB divisions ILV DV is extracted fromthe scenario data St7.
10 Step #1876 is the commpn VOB data setting routine, which is as described

referring to the flow BamrqGesH OBy AT clés BRPFEFoR*ERECEGF S §°
thus omtted hgr Qmﬂ;@% eB%@gShE?ﬁEh;a@Eﬁéémo‘cwﬁtﬁymr&sla[r@r@' RIMUCN 5o

parental |ock control 1s inplene are thus defined for a 15 VOB Set
with nmulti-seenerissid@chedbowcenthokegralered: aso Héser Bed v, stream is

generated when step #1500 in Fig. 34 returns YES and ths

5 following flags are set as shcown: VOB_Fsb = 1 ox VOB_Fsf = 1,
VOB_Fp = 1, VOB_Fi = 1, VOB_Fm = 1, and VOB_FsV = 1. The
following operatiocn produces the encoding information tables
shown in Fig. 27 and Fig. 28, and the encode parameters shown
in Fig. 29.

10 The following operztion produces the encoding
information tables shown in Fig. 27 and Fig. 28, and the
encode parameters shown in Fig. 29.

At step #1850, the scenario reproduction sequénce
(péth) contained in the scenario data St7 is extracted, the

15 VOB Set number VOBS_NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.

At step #1852 the maximum bit rate ILV_BR of the
interleaved VOB is extracted from the scenarioc data St7, and
the maximum video encode bit xrate V_MRATE from the encode

20 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 the scenario data

St7.



The process for generating the encode paraneters for a system stream
containing a single scene is described below with reference to Fig. 70.
This streamis generated when step 20 #900 in Fig. 34 returns NO 1i.e.,
‘when VOB _Fp=0O The follow ng operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode paraneters shown in
Fig. 29. At step #1880, the scenario reproduction sequence 25 (path)
contained in the scenario data St7 is extracted, the -127- VOB Set nunber
VOBS NO is set, and the VOB nunmber VOB NOis set for one or nore VOB in
the VOB Set. At step #1882 the maximygshit rate ILV_BR of the interleaved
VOB is extracted fromthe scenario data St7, and 5 the maxi mum vi deo
encode bit rate V MRATE fromthe encode paraneters is set based on the
interleave flag VOB Fi setting (= 1) . Step #1884 is the comobn VOB data
setting routine, which is as described referring to the flow chart in Fig.

35. 10 Further description thereof is thus omtte héa E?'lebfgeuI-sla%ﬁ rts
for defining the enco@n§tePnfdéf it i bRt AbFe° atd- Tt ole paranet er s 1 HUs
generate thgyipacafgeteis £08 WVD yigeo, saudigha ak syt v sidmane enceiiqg

by the DVD formatter. 15 Formatter flows The operation of _the subroutine
execut ed byf@hg BYP_Fxflag is set (= 1), based on the multi-scene flag
VOB_Fp setting (= 1).

5 At step #1858, the video encode GOP GOPST is set
to "closed GOP" based on the multi-angle seamless switchin
flag VOB_FsV setting (= 1), and the video encoding parameters
are thus defined.

Step #1860 is the common VOB data setting routine,

10 which is as described referring to the flow chart in Fig. 35.
Further description thereof is thus omitted here.

The encode parameters of a seamless switching stream
with multi-angle control are thus defined for a VOB Set with
multi-angle control as described above.

15 The process for generating the encode parameters for
a system stream in which parental lock control is implemented
is described below with reference to Fig. 38. This stream is
generated when step #1200 in Fig. 34 returns NO and step #1304
returns YES, i.e., the following flags are set as shown:

20 VOB _Fsb = 1 or VOB_Fsf = 1, VOB_Fp = 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 sequence

25 {path) contained in the scenario data St7 i1s extracted, the




formatter shown as step #2300 in Fig. 34B is described next wth reference
to Figs. 49, 59, 51, 52, and 53. This formatter subroutine generates the
DVD nmultinedia bitstream 20 The operation of, the DVD encoder ECD 1100
according to the present invention is described with reference to the
flow chart in Fig. 49. Note that those steps shown in Fig. 49 with a
double line are subroutines. At step #2310 the program chain i nformation
VIS PGCI 25 is set to the VTSI nanagenent table VTSI _MAT for the nunber
-128- of titles TITLE NUM based on the nunber of titles TITLE NLT,! in the
VOB Set data stream At step #2312 it,4 .S determ ned whether nulti-scene

sel ection control is enabled based on'the nulti-scene flat 5 VOB Fp in the
VOB Set data stream |If step #2312 returns NO, i.e., multi-scene control is
not enabl ed, the procedure noves to step #2114. At step #2314 the
operation for coding a single scene (VOB) executed by the formatter 1100

of the authorin% 10 encoder_ EC shown in Fig. .25 1is accoqpllshed Thi s
routine is °d8sEFthEFPETer/CHI— §Qeﬁﬁ#%%52 ?%?uFH? YR8, numper Nit% Nl cifie

ccra_ci i Ssenabbedonkhe Piecaduds Moyasd Grdd b di2116. At step #2316 it is
determ ned whether the 15 information is to be interleaved or not based on

the interleave flag PGB SHemtHi72 nthRem¥@B™Sat it ar 3t ¢ edhV_PR ©f the

interleaved VOB is extracted from the scenario data St7, and
5 the maximum video encode bit rate V_MRATE from the encode
parameters is set based on the interleave flag VOB_Fi setting
(= 1).
At step #1872 the number ¢f interleaved VOB
divisions ILV_DIV is extracted from the scenarxio data St7.
10 Step #1876 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 system stream in which
parental lock control is implemented are thus defined for a
15 VOB Set with multi-scene selection controcl enabled as
described above.
The process for generating the encode parameters fof
a system stream containing a single scene is described below
with reference to Fig. 70. This stream is generated when step
20 #900 in Fig. 34 returns NO, i.e., when VOB_Fp=0. The
following operation produces the enceding information tables
shown in Fig. 27 and Fig.’28, and the encode parameters shown
in Fig. 29.
At step #1880, the scenaric reproduction sequence

25 (path) contained in the scenaric data St7 is extracted, the




step #2316 returns NO i.e., the information is not to be interleaved, the
procedure noves to step #2314. If step #2316 returns YES, i.e., the
information is to be interleaved, the 20 procedure noves to step #2318. At
step #2318 it is determ ned whether nulti-angle control is to be

I npl ement ed based on the nmulti-angle flag VOB Fmin the VOB Set data
stream |f step #2318 returns NO the parental lock control routine in
step #2320 is executed. 25 If step #2318 returns YES, the procedure noves
to step #2322. -129- At step #2320 the operation for formatting the VOB Set
for parental lock control is executed. This subroutine is shown in Fig. 52
and descri bed bel ow. At step #2322 it137s" det er mi ned whet her multi-angle 5
seani ess switching is required based on the multi-angle seanless sw tching
flag VOB FsV. If nulti-angle switching is acconplished wthout seanl ess
swtching, i.e., with non- seam ess switching and step #2322 returns NQ
the procedure noves to step #2326. 10 The multi-angl e non-seani ess _

swit chi ng cO®E dlet roulber ERREIN@JLF nsstepapdl3zichy Fha ettt YeP.-120850f

Lre g Sl 86 I Gof LSS b oL er i rorerence 1o

swtching control, i.e step #2882 rekumisdYkl Whiwe rprecédWi SRovesthe

step #2324'interleaved VOB is extracted from the scenaric data St7, and

5 the maximum videc enccde bit rate V_MRATE from the encode

parameters is set based on the interleave flag VOB_Fi setting
(= 1).

Step #1884 is the common VOB data setting routine,
which is as described referring to the flow chart in Fig. 35.

10 Further description therecf is thus omitted here.

These flow charts for defining the enceding
information table and encode parameters thus generate the
parameters for DVD Qideo,‘audio, and system stream éncoding
by the DVD formatter.

15 Formatter flows

The operation of the subroutine executed by the DVD
formatter shown as step #2300 in Fig. 34B is described next
with reference to Figs. 49, 59, 51, 532, and 53. This
formatter subroutine generates the DVD multimedia bitstream.

20 The cperation of the DVD encoder ECD 1100 according
to the present invention is described with reference to the
flow chart in Fig. 49. Note that those steps shown in Fig.
49 with a double line are subroutines.

At step #2310 the program chain information VTS_PGCI

25 is set tc the VTSI management table VTSI_MAT for the number



The nul ti-angle seanl ess switching control routine executed in step #2324
by the formatter 1100 of the authoring encoder ECin Fig. 25 is described
later with reference to 20 Fig. 51. The cell playback information (PCG
information entries C PBlI) of the VIS information VTSI set as previously
described is then recorded. At step #2330 it is determ ned whether all VOB.
Sets 25 declared by the VOB Set nunber VOBS NUM have been processed -130-
by the formatter. If NO control |oops back to step #2312, and the process
runs again. If YES, all sets have been formatted, the procedure
termnates. Referring to Fig. 50, tbg gulti-angle non-seanl ess 5 sw tching
control routine executed in step #23 8 when step #2322, Fig. 49, returns
NO i s described. This routine defines the interleaved arrangenent of the
mul tinmedia bitstream MBS, the content of the cell playback information

(C PBI#i) showmn in Fig. 16, and the information stored to the navigation
pack 10 NV shown in Fi I n the generated DVD nul tinedi.a bitstream

. 20, :
MBS, AL St Dt #958898aTaTEn THE HAAAT gt BS | PHPSEROEM: 1aAT M 1LE 2 U

decl ari ng whethgr {uht kzanghescertLql, is applied in the nulti-scene
period, the cell block node CBM (Fig. 16) 15 of the cell playback

i nformati on bl ocks C PBl s#epcéABaRniikgist HetveBinedt mwaie Shefomwdt orsdone
each scene éélgggigﬁegontrol is enabled based on the multi-scens £flag
5 VOB _Fp in the VOB Set data stream. If step #2312 returns NO,
ile., multi-scene control is not enabled, the procedure moves

to step #2114.

At step #2214 the operation for c¢oding & single
scene (VOB) executed by the formatter 1100 cf the authcring

10 encoder EC shown in Fig. 25 is accomplished. This routine is
described later.

If step #2312 returns YES, i.e., multi-scene ccntrcl
is enabled, the procedure moves to step #2116.

At step #2316 it is determined whether the

15 information is to be interleaved oxr not based on the
interleave flag VOB_Fi state in the VOB Set data stream. If
step #2316 returns NO, i.e., the information is not to be
interleaved, the procedure moves to step #2314. If step #2316
returns YES, i.e., the information is to be interleaved, the

20 procedure moves to step #2318.

At step #2318 it is determined whether multi-angle
control is to be implemehted based on the multi-angle flag
VOB_Fm in the VOB Set data stream. If step #2318 returns NO,
the parental lock control routine in step #2320 is executed.

25 If step #2318 returns YES, the procedure moves to step #2322.



according to the position of the angle data. For exanple, the cell block
node CBM of the MAL cell (Fig. 23) is declared as QOb to indicate the

begi nning of the cell block, the CBMof 20 MA2 is declared as |lob to
indicate a cell between the first and last cells in the block, and the CBM
of MA3 is declared as |Ilb to indicate the end of the cell block. At step
#2342 based on the multi-angle flag VOB Fm setting (= 1) declaring whet her
mul ti-angle control is applied 25 in the nulti-scene period, the cel

bl ock type CBT (Fig. 16) 131 of the cell playback information blocks C PB
#i containing the VOB control infor lon for each scene is declared as
Ob to indicate an "angle." At step 44 the seanl ess pl ayback flag SPF
(Fig. 5 16) is set to 1 in the cell playback information blocks C PBlI #i
containing the VOB control information for each scene based on the
precedi ng VOB seanl ess connection flag VOB Fsb state, which is set to 1 to
i ndi cate a seanl ess connection. At step #2346 the STC resetting flag STCDF
is set 10 to 1 in thétteeitenl #IACkthaforeeat or bivekEo¥rpBRFipy the VOB

cont ai ni ngvg%%s\eg% CONLLOL ”EQE@H:ggr\E/%rnga%Qe%%%%%. asgg; ¢ 08ubBBut ine

precedi ng ess connection sb state, which is set to 1l to
I ndi cat e a seaniess: conreict i Br ak S¢epriZ848béhewi nterl eaved al l ocation

flag IAF 15 (Fig. 16) és set tolin theﬁggk%ﬁﬂl%xy%vk égggrggigggaglggks
C PBl #i containing tHE VOSRMIDT Ihf'dt MRTBTFor- ehch  $cene J
5 seamless switching is required based on the multi-angle
seamless switching flag VOB_FsV. If ﬁulti—angle switching is
accomplished without seamless switching, i.e., with non-
seamless switching and step #2322 returns NO, the procedure
moves to step #2326.

10 The multi-angle non-seamless switching control
routine executed in step #2326 by the formatter 1100 of the
authoring encoder EC in Fig. 25 is described later with
reference to Fig. 50.

If multi-angle switching is accomplished with

15 seamless switching control, i.e., step #2322 returns YES, the
procedure moves to step #2324.

The multi-angle seamless switching control routine
executed in step #2324 by the formatter 1100 of the authoring
encoder EC in Fig. 25 is described later with reference to

20 Fig. 51.

The cell playback information (PCG information
entries C_PBI) of the VTé information VISI set as previously
described is then recorded.

At step #2330 it is determined whether all VOB Sets

25 declared by the VOB Set number VOBS_NUM have been processed




based on the nulti-angle seam ess switching flag VOB _FsV state, which is
set to 1 toindicate interleaving is required. At step #2350 the | ocation
of the navigation pack 20 NV (relative sector nunber fromthe VOB
beginning) is detected fromthe title editing unit (VOB bel ow) obtai ned
fromthe systemencoder 900 in Fig. 25, the navigation pack NV is
detected based on the mninuminterl eaved unit presentation tine |LVU M
information (a formatter paraneter obtained in 25 step #1816, Fig. 35), the
| ocation of the VOBU expressed as - 132 the nunber of sectors fromthe VOS
begi nning, for exanple, is thus obtajned, and the title editing unit VOB
Is divided into interleave units using VOBU units. For exanple, if* in
this exanple the mininum 5 interleaved unit presentation time ILVU M is 2
sec and the presentation tinme of one VOBUis 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that this allocation
operation is agglied to the VOB constituting each nulti-scene data unit.

3

10 At step #3559 €T T eavel iif®s oPREaeh VeRPSoBR&IN&P 1F0R steht #2350

are arrangegnin die geblehlsock,pde-6BM sequengss (cghh hlock Beagennidg,
m ddl e, and end cells) witten as the VOB control information for each
scene in st&prmab8ed.t &Heopmodsahing dedmesiredt4r ocks as shown in Fig. 71 or

L
5 switching control routine executed in step #2326 when step
#2322, Fig. 49, returns NO is described. This routine defines
the interleaved arrangement of the multimedia bitstream MBS,
the content of the cell playback information (C_PBI#i) shown
in Fig. 16, and the information stored to the navigation pack
10 NV shown in Fig. 20, in the generated DVD multimedia bitstream
MBS.
At step #2340 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control is'applied
in the multi-scene period, the cell block mode CBM (Fig. 16}
15 of the cell playback information blocks C_PBI #i containing
the VOR control information for each scene is declared
according to the position of the angle data. For example, the
cell block mode CBM of the MAl cell (Fig. 23) is declared as
01k to indicate the beginning of the cell block, the CBM of
20 MA2 is declared as 10b to indicate a cell between the firsc
and last cells in the block, and the CBM of MA3 is declared
as 1l1b to indicate the end of the cell block.
At step #2342 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control is applied

25 in the multi-scene period, the cell block type CBT (Fig. 16)



above, for exanple, the angle data MA1, MA2, and MA3 (Fig. 23) are
arranged in that sequence. At step #2354 the relative sector nunber from
the 20 VOBU start is witten to the VOB end pack address VOBU EA (Fig.
20) in the navigation pack NV of each VOBU based on the VOBU position

I nformati on obtained in step #2350. At step #2356 the first cell VOBU start
address C FVOBU SA and the last cell VOBU start address C LVOBU SA 25
expressed as the nunber of sectors fromthe beginning of the - 133 VIS
title VOBS (VISTT VOBS) are witten as the addresses of the navigation
packs NV of the first and | ast VOBU.ijg;jeach cell based on the VIS title
VOBS (VISTT VOBS) data obtained in step #2352. 5 The angle #i VOBU start
address NSM._AG._Cl DSTA - NSM. AG._C9 DSTA of the non-seanl ess angle
information NSML_AG.I (Fig. 20) in the navigation pack NV of each VOSU is
witten at step #2358. This address is expressed as the relative sector

nunber 1 nsi ta Qf, the interleaved. 10 ocks for I.n step #2352,
and declaréggt%ang%%§s§l%#%%ﬁﬁnﬁTcﬁl ?fb?nS &ogksthe#%i%%ﬁﬂ??ﬁ#%ﬁﬁkmiw
cont ai ned ithetWes WBtkpblalhfangheisaenss aedah shenpresematipadasiardri me
of the VOBU bejng processed. At step #2360 "7FFFFFFFh" is witten to the
angle 15 #‘?kaﬁ‘gﬁgﬁaﬁt 23ddPEFSSNSML AGL C1 DSTA - NSML AGL C9 DSTA of the

non-seanl ess angl e inBQrQ@EboﬂzgguL:ﬁgLEegﬁhgsszghéfﬁééﬁaflag SPF (Fig.
-5 16) is set to 1 in the cell playback information blocks C_PBI
#i containing the VOB control information for each scene based
on the preceding VOB seamless connecticon flag VOB_Fsk state,

which is set to 1 to indicate a seamless connection.
At step #2346 the STC resetting flag STCDF 1is set
10 te 1 in the cell playback information blocks C_PBI #i
containing the VOB control informaticon for each scene based
on the preceding VOB‘seamless connection flag VOB_Fsbk state,

which is set to 1 to indicate a seamless connegtion.-
At step #2348 the interleaved allocation flag IAF
15 (Fig. 16) is set to 1 in the cell playback information blocks
C_PBI #i containing the VOB control information for each scene
based on the multi-angle seamless switching flag VOB_FsV
state, which is set to 1 to indicate interleaving is required.
At step #2350 the location of the navigation pack
20 NV (relative sector number from the VOB beginning) is detected
from the title editing unit (VOB below) obtained from the
system eﬁcoder 900 in Fig. 25, the navigation pack NV is
detected based on the minimum interleaved unit presentation
time ILVU_MT information (a formatter parameter obtained in

25 step #1816, Fig. 35), the location of the VOBU expressed as



navi gati on pack NV of each VOBU if the VOBU being processed is the |ast
VOBU of each scene in the nulti-scene period. This routine thus formats the
i nterleaved blocks for 20 nmulti-angle non-seanless switching control in
the multi-scene period, and formats the cell control information as the
reproduction control information for those nultiple scenes. Referring to
Fig. 51, the multi-angle seam ess switching control routine executed in
step #2324 when step 25 #2322, Fig. 49, returns YES is described. This
routine -134- defines the interleaved arrangenent of the multinedi a
bitstream MBS, the content of the cel{yypl ayback information (C_PBI#i)
shown in Fig. 16, and the information stored to the navigation pack NV
shown in Fig. 20,' in the generated DVD 5 nultinmedia bitstream MPS. At
step #2370 based on the nmulti-angle flag VOB_Fm setting (= 1) declaring
whet her nmulti-angle control is applied in the nulti-scene period, the cel

bl ock node M(Fig. 16 of the cell ay. | nformati op bl ocks PBl| _#i
Done s mne TBY handes ok e P5 o R Brnm: Pha o8 aadhaiins Fel Htrly Lo
accordi ng tentiBecpesihiean ahdt hbaeangte=datiar ikgrutxampbe, id heivigbd bhosk

mode CBM of the MAL cell (Fig. 23) is declared as Ob to indicate the
begi nni ng oftRElEEME . W HECBMB W= is declared as lob to indicate

a cell between the figgh 1a,anpdilast gellg, indhe hlagl; andfhe (BM Qix MA3
is declared as |Ib to indicate the end of the cell bl ock.
5 interleaved unit presentation time ILVU_MT is 2 sec and the

presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that this
allocation operation is applied te the VOB constituting each
multi-scene data unit.
10 At step #2352 the interleave units of each VOB
obtained from step #2350 are arranged in the cell block mode
CBM sequence (cell block beginning, middle, and end cells).
~ written as the VOB control information for each scene in step
#2340 to form the interleaved blocks as shown in Fig. 71 or
15 72. The interleaved blocks are then added to the VTS title
VOBS (VTSTT_VOBS}. Using the cell block mode CBM declarations
above, for example, the angle data MAl, MAZ2, and MA3 (Fig. 23)
are arranged in that segquence.
Lt step #2354 the relative sector number from the
20 VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20} in the navigation pack NV of each VOBU based on the
VOBU position informatioﬁ obtained in step #2350.
AL step #2356 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA

25 expressed as the number of sectors from the beginning of the




At step #2372 based on the nmulti-angle flag VOB_Fm setting (= 1) declaring
whet her multi-angle control is applied in the nmulti-scene period, the cel
bl ock type CBT (Fig. 16) 20 of the cell playback information bl ocks C PBI
#i containing the VOB control information for each scene is declared as
Ob to indicate an "angle." At step #2374 the seanl ess pl ayback flag SPF
(Fig. 16) is set to 1 in the cell playback information blocks C PBI 25 #i
containing the VOB control information for each scene based 135 on the
precedi ng VOB seamnl ess connection flag VOB Fsb state, which is set to 1 to
I ndi cate a seanl ess connection. At st #2376 the STC resetting flag STCDF
Is set to 1l in the cell playback -in ormati on bl ocks CPBI # 5
containing the VOB control information for each scene based on the
precedi ng VOB seanl ess connection flag VOB Fsb state, which is set to 1 to
I ndi cate a seanl ess connection At step #2378 the interleaved allocation
flag | AF (Fi set o i n_the cell -playback infqr n bl ocks
C PRI B coRTS: Fibde NORtRt CBAFFO Y5 hi BF RabF ok CEer ncib bt BaSen of
t he rrultl-aagéem@ﬁﬁoﬁ%&§hgnﬁvf@gt‘q‘@f§aét stalielaWhi Gfods Setekonl
to indicate interleaving is required. At step #2380 the |ocation of the
navi gati on p&ék N@%ﬁ@ﬂQﬂ|%%ﬁs%€$oﬁlh&ﬁbgpsﬁrdﬁFﬁﬁ?JM9§%ﬁxﬂ%ﬁﬁn@?tﬁkned
detected 13 fgg thetdtle editing unit (VOB below) obtained fromthe
systen1enco in Fig. 25, the navigation pack NV is

The angle #i VOBU start address NSML_AGL Cl_DSTA -

NSML_AGL_C2_DSTA of the non-seamless angle informaticn
NSML, AGLI (Fig. 20) in the navigaticn pack NV of each VOEBU is
written at step #2358. This address is expressed as the
relative sector number inside the data of the interleavad
10 blocks formed in ‘step #2352, and declares the addrsss
information (Fig. 50) of the navigation pack NV contained in
the VOBU of all angle scenes near the presentation start tims
of the VOBU being processed.
At step #2360 "7FFFFFFFh" is written to the angle
15 #i VOBU start address NSML_AGL_C1_DSTA - NSML_AGL_C9_DSTA of
the non-seamless angle information NSML_AGLI (Fig. 20) in the
navigation pack NV of each VCBU if the VOBU being processed
is the last VOBU of each scene in the multi-scene period.
This routine thus formats the interleaved blocks fox
20 multi-angle non-seamless switching control in the multi-scene
period, and formats the cell control information as the
reproduction control information for those multiple scenes.
Referring to Fig. 51, the multi-angle seamless
switching control routine executed in step #2324 when step

25 #2322, Fig. 49, returns YES is Jdescribed. This routine




detected based on the mninmuminterl eaved unit presentation time |ILVU MM
information (a fornmatter paranmeter obtained in step #1854, Fig. 37), the

| ocation of the VOBU expressed as 20 the nunmber of sectors fromthe VOS
begi nning, for exanple, is thus obtained, and the title editing unit VOB
is divided into interleave units using VOBU units. For example, if in this
exanple the mninmum interleaved unit presentation tine [LVU MI is 2 sec
and the 25 presentation tine of one VOBU is 0.5 sec., then the VOB is -
136 divided into interleave units of 4 VOBU each. Note that this

all ocation operation is applied to the¥B constituting each nulti-scene
data unit. At step #2382 the interleave units of each VOB 5 obtained from
step #2380 are arranged in the cell block node CBM sequence (cell bl ock
begi nning, mddle, and end cells) witten as the VOB control information
for each scene in step #2360 to formthe interleaved bl ocks as shown in

Fig. 71 or I n | eqy Iock are then added tpo t VTS tit.l e
VOBS (VTSTT_ 6%§§}n§ |%g£thén§% B1 6¢ WD&éqgﬁﬁ%é%ﬂaIgtlgﬁg W%ﬁ?m la
exanpl e, the kainglteraath aMbBl, cMA2 coarednWAD A i 23)1 ﬁl&yﬁﬁbang&ddﬁmddﬂﬁn

sequence. At stsp #2384 the relative sector_nunber fromthe VOBU start is
witten to t KE-VOB &Y FAE ddtifdss VEBUAER ths (‘Fllfé’rm?@)lci‘h Sttr?é’er‘?a\ﬁog&tbieon

p?ck 2&'\2/383 eml@i&asggcgn e h MeBU; ROF1 g on: 4 Nf opmatjongoht ahped iRp
step

multimedia bitstream MBS.
At step #2370 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control is applied
in the multi-scene pericd, the cell block mode CEM {Fig. 16)
of the <¢ell playback information blocks C;PBI #i containing
10 the VOB control information £for each scene is declared
according to the pesition of the angle data. For example, the
cell block mode CBM of the MAl cell (Fig. 23) is declared as
01k to indicate the beginning of the cell block, the CBM of
MA2 is declared as 10b to indicate a cell between the first
15 and last cells in the block, and the CBM of MA3 is declared
as l;b to indicate the end of the cell block.
At step #2372 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control is applied
in the multi-scene period, the cell block type CBT (Fig. 16)
20 of the cell playback information blocks C_PBI #i containing
the VOB control information for each scene is declared as 0lb
to indicate an "angle."
At step #2374 the seamless playkack flag SPF (Fig.
16} is set to 1 in the cell playback information blocks C_PBI

25 #i containing the VOB control information for each scene based




At step #2386 the first cell VOBU start address C _FVOBU SA and the | ast
cell VOBU start address C LVOBU SA expressed as the nunber of sectors from
t he beginning of the 20 VIS title VOBS (VISTT VOBS) are witten as the
addresses of the navigation packs NV of the first and last VOBU in each
cell based on the VIS title VOSS (VISTT VOBS) data obtained in step #2382.
At step #2388 the relative sector nunber fromthe 25 VOBU start is witten
to the VOB end pack address VOBU EA - 137 (Fig. 20) in the navigation pack
NV of each VOBU based on the interleave unit data obtained in step #2370.
The angle # VOBU start address SM g%TCJ_DSTA - SML_AG._C9 DSTA of the

seam ess angl e information SM. AGLI ~ Fig. 20) in the navigation pack NV

of each VOBU is witten at step #2390. This address is expressed as the

rel ative sector nunmber inside the data of the interleaved bl ocks forned

In step #2382, and decl ares the address information of the navigation pack
NV contained in the VOBU of all angle scenes 10 with a start tine

conti guous ¢® the PEPFREALEY | VRE eREATL AESoFONPRE LVEBUTB &N JOR-SE&s &R - ot

step #2392 FEEFEEFDL i SoW i LEeR,10 LR anglgmiffie VQBIL Alar {oaddr ess SM.
AG C1 DSTA - SM. AGL C9 DSTA of the seam ess angle information SM. AGLI

(Fig. 20) in the 15 navi gaeboR2pack ti¢ ETA heed B ndnfdpae8TFRFt He set
interleaved junit jif the interleave unit arranged. |n, step, #238% igpdhe. d ast
5 containing the VOB contrel information for each scene based

on the preceding VOB seamless connection flag VOB_Fsb'state,
which is set to 1 to indicate a seamless ceonnection.
At step #2378 the interleaved allccation flag IAF
(Fig. 16) is set toc 1 in the cell playback information blocks
10 C_PBI #i containing the VOB control information for each scene
based on the multi-angle seamless switching flag VOB_FsV
state, which is set to 1 to indicate interleaving is required.
At step #2380 the location of the navigatibn pack
NV (relative sector number from the VOB beginning) is detected
15 from the title editing unit (VOB below) obtained from the
system encoder 900 in Fig. 25, the navigation pack NV is
detected basgsed on the minimum interieaved unit presentation
time ILVU_MT information (a formatter parameter obtained in
step #1854, Fig. 37), the location of the VOBU expressed as
20 the number of sectors from the VOB beginning, for example, is
thus obtained, and the title editing unit VOB is divided into
interleave units using VdBU units.
For example, if 4in this example the minimum
interleaved unit presentation time ILVU MT is 2 sec and the

25 presentation time of one VOBU is 0.5 sec., then the VOB is



i nterl eave unit of each scene in the nulti-scene period. This routine thus
formats the interl eaved blocks for nmulti-angle seam ess swtching control
in the nulti-scene 20 period, and formats the cell control information as
t he reproduction control information for those nultiple scenes. The
parental |ock subroutine (step #2320, Fig. 49) executed when step #2318 in
Fig. 49 returns NO, i.e., when it 1is determned that parental |ock control
is inplemented and - 138 not multi-angle control, is described next with
reference to Fig. 52. The parental |ock subroutine described below wites
the interleave unit arrangenent of thggnultinedia bitstream 5 the content
of the PGC information entries C PBlI #i (cell playback information) shown
in Fig. 16, and the navigaticn pack NV information shown in Fig. 20, to
the generated D1,| nultimedia bitstream At step #2402 a value "00b" is
witten to the cell 10 block node CBM (Fig. 16) of the cell playback

Informati: ;. S. Bl #i_containing the V ntrol i r i_Qn far
each scene l<51‘gs)Jé(g&(§nlt e lr'rrﬁ?t?’f-%%‘é?eu?rgsg ?&_%’Bg?a aec,ch'mhﬂz%en?%a%ett ‘50
to- i ndi cat elhatavibhi opagheieanisokppiibat coennbl edri Bohke ifulttings @R
period. 15 At_ step #2404 the seaml ess pl ayback flag SPF (Fig. 16) is set
to 1 in thétttt PFra)BatR EnFBiFmti on bl ocks C PSI #i containing the VOB

control information fRae %ﬁ%&:sﬁﬁﬁﬁzba§ﬁﬂ interleave units of each VOB
5 obtained from step #2380 are arranged in the cell block mode
CBM sequence {cell block bkeginning, middle, and end cells)
written as the VOB control information feor each scene in step
#2360 to form the interleaved blocks as shown in Fig. 71 oxr
72. The interleaved blocks are then added to the VTS title
10 VOES (VTSTT_VOBS). Using the cell block mode CBEM declarations
above, for example, the angle data MAl, MAZ, and MA3 (Fig. 23)
are arranged in that sequence.
ALt step #2384 the relative sector numberxr from the
VOBU start is written to the VOB end pack address VOBU_EA
15 (Fig. 20) in the navigation pack NV of each VOBU based on the
VOBU position information obtained in step #2360.
At step #2386 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVCBU_SA
expressed as the number of sectors from the beginning of the
20 VTS title VOBS (VTSTT_VOBS) are written as the addresses of
the navigation packs NV of the firxst and last VOBU in each
cell based on the VTS title VOBS (VISTT_VOBS} data obtained
in step #2382.
At step #2388 the relative sector number £from the

25 VOBU start is written to the VOB end pack address VOBU_EA




on the preceding VOB seanl ess connection flag VOB _Fsb state, which is set
to 1 to indicate a seamnl ess connection. 20 At step #2406 the STC resetting
flag STCDF is set to 1 in the cell playback information bl ocks C PBI #i
containing the VOB control information for each scene based on the

precedi ng VOB seanl ess connection flag VOB Fsb state, which is set to 1 to
I ndi cate a seanl ess connection. -139- At step #2408 the interl eaved
allocation flag IAF (Fig. 16) is set to 1 in the cell playback information
bl ocks C_PBI #i containing the VOB control information for each scene
based on the nulti-angle seanl ess swit,ching flag VOB_FsV 5 state, which is
set to 1 toindicate interleaving is required. At step #2410 the

navi gati on pack NV position information (the relative sector nunber from
the VOS start) is detected fromthe title editing unit (VOB) obtained from
the system encoder 900 (Fig. 25). The navigation pack NV is 10 then
detected based on_the nunber of interleaved VOB divisions |LV DV, a
formatter pAFafet 8P’ obfafRRed™#1iiStep R1BTER| FV P, =223 VRV Bt EFTH The"RBU

position in{QraRiibaRe( NHAREHRL $ELALRa fiPdhe MPystart), and divide
each VOB into the specified nunmber of interleave units in VOBU units. 15

At step #2412 the int @hPeaveleniftis BIRQI sedrt naddeps s#SMEQAGe AP TA -
e o POk el I8 | AL LAY e 0 AECBRRRL U bt
or 73 and theg. 20) in the navigation pack NV of each VOBU is written
at step #2390. This address is expressed as the rslative
sector number inside the data of the interleaved blocks formed
in step #2382, and declares the address information cf the
navigation pack NV contained in the VOBU of all angle scenes
10 with a start time contiguous to the reproduction end time of
the VOBU being processed.
At step #2392 "7FFFFFFFh" is written to the angle
#i VOBU start address SML_AGL_Ci_DSTA - SML_AGL_CS_DSTA.of the
seamless angle information SML_AGLI (Fig. 20) in the
15 navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit arranged in step #2382 is the last
interleave unit of each scene in the multi-scene period.
This routine thus formats the interleaved blocks for
multi-angle seamless switching control in the multi-scene
20 period, and feormats the cell contreol information as the
reproduction control information for those multiple scenes.
The parental lock subroutine (step #2320, Fig. 49)
executed when step #2318 in Fig. 49 returns NO, i.e., when it

is determined that parental lock contreol is implemented and



I nterl eaved bl ocks are added to the VIS title VOBS 20 (VTSTT VOBS). At
step #2414 the relative sector nunber fromthe VOBU start is witten to
the VOB end pack address VOBU EA (Fig. 20) in the navigation pack NV of
each VOBU based on the VOBU position information obtained in step #2186. -
140 At step #2416 the first cell VOBU start address C FVOBU SA and the

| ast cell VOBU start address C LVOBU SA expressed as the nunber of sectors
fromthe beginning of the VIS title VOBS (VISTT VOBS) are witten as the
addresses of 5 the navigation packs NV of the first and | ast VOBU i n each
cell based on the VIS title VCBS (VT?% VCBS) data obtained in step #2412.
At step #2418 the relative sector er to the last interleave unit pack
is witten to the ILVU end pack address 10 ILVU EA in the navigation pack
NV of the VOBU formng the interleaved units based on the interl eaved unit
data obtained fromstep #2412. At step #2420, the relative sector number
in the interleaved block data fornmed in step #2412 is witten to the 15

next - | LVU sP&Ft "HddreSSINP FERISA ad St ﬁ@sﬁc‘}s"LPFidoHeﬁ?ﬁ Srrat iT5 DFETRe next

IILVU in thegpRgvi gation packs NV of the VOBU contained in the interleaved
unit ILVU. At "step #2422 the interleaved unit flag ILVUflag is set to 1
in the navi gati on pacRheNvagknthé OBk swmaihige described below writes

the interleave unit arrangement of the multimedia bitstream,

5 the content of the PGC information entries C_PBI #i (cell

playback information) shown in Fig. 16, and the navigaticn

pack NV information shown in Fig. 20, to the generated ITVD
multimedia bitstream.

At step #2402 a value "00b" is written to the c=11

10 block mode CBM (Fig. 16) of the cell playback information
blocks C_PBI #i containing the VOB control information =IZor
each scene based on the multi-angle flag VOB_Fm state, which
is set to 0 to indicate that multi-angle control is =ncc
enabled in the multi-scene pefiod.

15 At step #2404 the seamless playback flag SPF (Fig.
16) is set to 1 in the cell playback information blocks C_PBI
#i containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1 to indicate a seamless connection.

20 At step #2406 the STC resetting flag STCDF is s=at
to 1 in the cell playback information bleocks C_PBI 3#i
containing the VOB control information for each scene basad
on the preceding VOB seamless connection flag VOB_Fsb state,

which is set to 1 to indicate a seamless connection.



20 in the interleaved unit ILVU At step #2424, the Unit END flag of the
navi gation pack NV in the last VOBU of the interleaved unit ILVU is set
to 1. -141- At step #2426 "FFFFFFFFh" is witten to the next ILVU start
address NT |ILVU SA of the navigation pack NV of the VOBU in the |ast
interleaved unit |ILVU of each VOB. The operation descri bed above thus
formats the 5 interleaved blocks to enable parental |ock control in the
mul ti-scene periods, and formats the control information in the cells,
i.e., the cell playback control information for the nulti-scene periods.
The single scene subroutine executed g step #2314 10 in Fig. 49 when
steps #2312 or #2316 return NO, i.e. ;"when the scene is determned to be
a single scene and not a nulti- scene period, is described next using Fig.
53. The single scene subroutine described below wites the interleave unit
arrangenment of the nultinedia bitstream 15 the content of the PGC

I nformation entries C PBI #i (cell playback information) shown in Fig. 1

6,
and the navigation pdtk fkePnfotfdt FOR SRGRTLISREY. 2230 T het YoReltafed

DVD nul ti nmgeija, bijteSt igama . Al 15§8P-#2430:1 2 NabhyBacR0bnebpdheabhngl 8cks
"non-cell 20 block™, i.e., that there is only one cell in the functional
bl ock, is wELFEdn #iocbheadalingbtbekveddeor@BM Y FinfortGit igfn thee each scene

based on the multi-angle seamless switching f£flag VOB_FsV

5 state, which is set to 1 tec indicate interleaving is reguired.
At step #2410 the navigation pack NV position

information (the relative sector number from the VOB start)

is detected from the title editing unit (VOB) obtained from

the system encoder 900 (Fig. 25). The navigation pack NV is

10 then detected based on the number of interleaved VOB divisions
ILV_DIV, a formatter parameter obtained in step #1874 in Fig.
38, to obtain the VOBU position infofmation (number of sectors
from the VOB start), and divide each VOB into the specified
number of interleawve units in VOBU units.

15 At step #2412 the interleave units obtained in step
#2410 are then interleaved. For example, the interleave units
are arranged in ascending VOB number seguence to create the
interleaved blocks as shown in Fig. 71 ox 72, and the
interleaved blocks are added to the VIS title VOBS

20 (VISTT_VOBS) .

At step #2414 the relative sector numbex f£rom the
VOBU starxt is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on the

VOBU position information obtained in step #2186.




cell playback information blocks C PBI #i containing the VOB control

I nformation for each scene based on the multi-scene flag VOB Fp state,
which is set to O to indicate that the 25 scene is a single scene and not
part of a nmulti-scene period. -142- At step #2432 the interl eaved
allocation flag IAF (Fig. 16) is set to O in the cell playback information
bl ocks C PSI #i containing the VOB control information for each scene
based on the multi-angl e seanl ess switching flag VOB_FsV 5 state, which is
set to O to indicate interleaving is not required. At step #2434 the

navi gation pack NV position informatjon (the relative sector nunber from
the VOB start) 1is detected fromthe title editing unit (VOB) obtained from
10 the system encoder 900 (Fig. 25), placed in the VOBU unit, and added to
the VIS title VOSS (VISTT VCBS), the video and other streamdata of the
mul timedia bitstream At step #2436 the rel ative sector nunber fron1the

VOBU start is witten to the VOB end pack addres% VOBU % in
the navigation pack RV of® Fach2¥dBU ed1Bfitt 118 L VOBLF! fﬁﬁ ﬁ}? ?5? tion

obt ai ned i a_stvepu#2434hndM r 8t epa¥R43@ hevdit sk sot| 2MABU S actradduess C
FVOBU SA and the last cell VOBU start address C LVOBU SA expressed as t he
nunber of §§EF6|S§eFir@m the pegley v cledmr20 e Gt Rfgineipacef velrs,

the VTS titke gk(%@ MBS Qfordfe. val Yo WELLt aR asd hespddr essese of

t he navi gation pa
5 the navigation packs NV of the first and last VCBU in each

cell based on the VTS title VCBS (VTSTT_VOBS) data obtained
in step #2412.
At step #2418 the r=lative sector number to the last
interleave unit pack is written te the ILVU end pack address
10 ILVU_EA in the mnavigation pack NV of the VOBU forming the
interleaved units based on the interleaved.unit data cobtained
from step #2412.
At step #2420, the relative sectorxr number in the
interleaved block data formed in step #2412 is written to the
15 next-ILVU start address NT_ILVU_SA as the position information
of the next ILVU in the navigation packs NV of the VOBU
contained in the interleaved unit ILVU.
At step #2422 the interleaved unit flag ILVO flag
is set to 1 in the navigaticn packs NV of the VOBU contained
20 in the interleaved unit ILVU.
At step #2424, the Unit END flag of the navigation
pack NV in the last VOBU of the interleaved unit ILVU is set

to 1.




of the first and last VOBU in cell based on the VIS title VOSS
(VTSTT_VOBS) data obtained in step #2434. At step #2440 the state

determ ned as a result of 25 step #300 or #600 in Fig. 34, i.e., whether
precedi ng VOB -143- seam ess connection flag VOB Fsb is set to 1 indicating
a seam ess connection to the preceding or follow ng scenes, is eval uated.
I f step #2440 returns YES, the procedure noves to step #2442. 5 At step
#2442 the seanl ess playback flag SPF (Fig. 16) is set to 1 in the cell

pl ayback information blocks C PBI #i containing the VOB control

i nformation for each scene based on e precedi ng VOB seanl ess connection
flag VOB Fsb state, which is set to f‘ to indicate a sean ess connecti on.
10 At step #2444 the STC resetting flag STCDF is set to 1 in the cell

pl ayback informati on bl ocks C PBI #i containing the VOB control

I nformati on for each scene based on the preceding VOB seanl ess connection
flag VOB Fsb state, which is set to 1. 15 | f step #2440 returns NO i.e.
there is not a seanl 85sSE6RNECERSEN "o e Prec e’cﬁn‘@r‘s’é'é‘ﬁﬁ CPh&ERS dtstiut e

nmoves to Stﬁ@vﬁ%t 'gdcﬁ;@sps %%M%ﬁ%@ﬁé%&bﬁ&bé%ﬁ ng% c‘f'tg‘:e

16) is set to O in the cell playback™ nformation bl ocks C_ 20 #i
cont ai ni ng YPRU VOB tbat Lekti nhormathrundf onicadhvicerfe el@e&i‘ed’% t he
precedlng VeB seanies§hconnq£gééyggl ccrIkE%P Sgg%g thus formats the

= interleaved blocks to enable parental lock contxol in the
multi-scene periods, and formats the control information in
the cells, i.e., the cell plavback control information for the
multi-scene periods.
The single scene subroutine executed as step #2314
10 in Fig. 492 when steps #2312 or #2316 return NO, i.e. , when
the scene is determined to be a szingle scene and not a multi-
scene‘period, is described next using Fig. 53.
The single.scene subroutine described below writes
the interleave unit arrangement of the multimedia bitstream,
15 the content of the PGC information entries C_PBI #i (cell
playback information) sheown in Fig. 16, and the navigatiocn
pack NV information shown in Fig. 20, to the generated DVD
multimedia bitstream.
At step #2430 a value "00b" indicating a "non-cell
20 block", i.e., that there is only one cell in the functicnal
block, is written to the cell block mode CBM (Fig. 16) of the
cell playback informatioﬁ blocks C_PBI #i containing the VOB
control information for each scene based on the multi-scene
flag VOB_Fp state, which is set te 0 teo indicate that the

25 scene is a single scene and not part of a multi-scene period.




which is set to O to indicate a non-seanl ess connection. At step #2448 the
STC resetting flag STCDF is set to O in the cell playback information

bl ocks C PBI #i 25 containing the VOB control information for each scene
based -144- on the preceding VOB seam ess - connection flag VOB Fsb state,
which is set to 0. The operation described above thus formats a multinedi a
bitstreamfor a single scene period, and records 5 the control information
inthe cells, i.e., the cell playback control information (C PBI #i, Fig.
16), and the information in the navigation pack NV (Fig. 20), to the
produced DVD nul timedia bitstream_gcoder flow charts 10 Di sk-to-stream
buffer transfer flow The decoding information table produced by the
decodi ng system control |l er 2300 based on the scenario selection data St51
is described belowreferring to Figs. 54 and 55. The decodi ng i nformation
‘tabl e conprises the decoding 15 systemtable shown in Fig. 54, and the
decodi ng table shown_ in Fig. 55. shown in Fi t he .deco ystem

table conprises a s@énéﬁﬁ?iﬁﬁ%ﬁ%égﬁ%ni?EﬁFéf@%ggng%QQ5ﬁﬁl°q % ?IDH
register. Thegscenarig Lpforgugi on digisier 2 AW dnddienddide wLsbes and
ot her scenario reproduction information selected by the user and extracted
fromthe C_PBI #i containing the VOB contrcl information for each scene
based. on the multi-angle seamless switching flag VOB_FsY
5 state, which is set to 0 to indicate interleaving is nct
required.
At step #2434 the navigation pack NV positicno
information (the relative sector number from the VOB start)
iz detected from the title editing unit (VOB) obtained from
10 the system encoder 900 (Fig. 25), placed in the VOBU unit, a=d
added teo the VIS title VOBS (VTSTT_VCE2S), the video and other
stream data cf the multimedia bitstrsam.
At step #2436 the relative sector number from ths
VOBU start is written to the VOB end pack address VOBU_EA
15 (Fig. 20) in the navigation pack NV of each VORU based on the
VOBU position information obtained in step #2434.
At step #2438 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of and
20 the end of, respectively, the VIS title VOBS (VTSTT_VOBS) of
the value written as the addresses of the navigation packs NV
of the first and last VOBUrin cell based on the VIS title VOES
(VTSTT_VOBS) data obtained in step #2434.

At step #2440 the state determined as a result of

25 step #300 or #600 in Fig. 34, i.e., whether preceding VOB



scenario selection data St51. The cell information register extracts and
records the information required to reproduce the <cells constituting the
program chai n PGC based on the user - 145 defined scenario information
extracted into the scenario information register. Mre specifically, the
scenari o i nformation register contains plural sub-registers, i.e., the
angl e nunber 5 ANGLE NO reg, VTS nunber VTS NO reg, PGC nunber

VTS PGCl _NO reg, audio |D AUDIO ID reg, sub-picture ID SP IDreg, and the
system cl ock reference SCR buffer SCR buffer. The angle nunber
ANGLE_NO reg stores which angle is ig reproduced when there are nultiple
angles in the reproduction program aln PGC. The VTS nunber VTS NO reg
records the nunber of the next VTS reproduced from anmong the plural VTS on
the disk. The PGC nunber VTS PGCI _NO reg records which of the 15" plural
program chains PGC present in the video title set VIS is to be reproduced
for parental lock control or other applications. The audio |ID AUDIO ID reg

‘records whiSER®¥e$RecOpREEELcBuNt RSt YRBRESPn theSRAStar & t iR BeSREPTBdbced.
20 The sub- a@aq&ltgses'Poé?eé&asgtgeaagdsr%gahngf okNeo1RbUthaly SeRnRISCE Yke

streans is to be reproduced when there are plural sub-picture streans in

t he VTS. evaluated. If step #2440 returns YES, the procedure moves to
step #2442,

5 At step #2442 the seamless playback flag SPF (Fig.

16} is set to 1 in the cell playback information blocks C_PEI
#i containing the VOB contrel information for each scene based
on the preceding VOE seamless connection flag VOB_Fsb state,
which is set to 1 to indicate a seamless connection.

10 At step #2444 the STC resetting flag STCDF is set
to 1 in the cell playback information "blocks C_PBI #i
containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1.

15 If step #2440 returns NO, i.e., there is not a
seamless connection te the preceding scene, the procedure
moves to step #2446.

At step #2446 the seamless playback flag SPF (Fig.
16) is set to 0 in the cell playback information blecks C_FPBI

20 #i containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 0 to indicate a non-seamless connection.

At step #2448 the STC resetting flag STCDF is set
to 0 in the cell playback information blocks C_PBI #i

25 containing the VOB control information for each scene based



The system cl ock reference SCR buffer SCR-buffer is the buffer for

tenporarily storing the systemclock reference 25 SCR recorded to the pack

header as shown in Fig. 19. As - 146 described using Fig. 26, this
tenporarily stored systemclock reference SCRis output to the decoding
systemcontroller 2300 as the bitstreamcontrol data St63. The cel

I nformation register contains the followng 5 sub-registers: the cel

bl ock node CBM reg, cell block type CBT reg, seanless reproduction flag
SPF reg, interleaved allocation flag | AF reg, STC resetting flag STCDF,
seanl ess. angle change flag SACF_re first cell VOBU start address

C FVOBU SA reg, and last cell VOBU~ 441 address 10 C LVOBU SA reg. The
cell block node CBMreg stores a value indicating whether plural cells
constitute one functional block. If there are not plural cells in one
functional block, CBMreg stores N BLOCK. If plural cells constitute one
15 functional block, the value F_CELL is stored as the CBMreg val ue of

the first eel Fhianpﬁ-’heeml@ekV@_@@L@%W%qmé1_€(SBI\W‘?%gF$IaI feabe -t he

last cell jn, EF ;hlock, .and BLOCK is stored as the CBM reg of value al
celI's between tha first “and  last cells in the block. 20 The cell block
type CBT_reg stores aheal upedefdirinng ddsheriygpe eibdée bilock | fidicated by
the cell block node CBMreg. If the cell block is a nultl-aqgge bIoc§S

- BLOCK multimedia bitstream for a single scene period recor
5 the control information in the cells, i.e., the cell playback
control information (C_PBI #i, Fig. 16}, and the information
in the navigation pack NV (Fig. 20), to the produced DVD
multimedia bitstream.

Decoder flow charts

Disk—to—stream buffer transfer flow:

The decoding information table produced by the
decoding system controller 2300 based on the scenario
seleétion data St51 is described below referring to Figs. 54
‘and S55. The decoding information table comprises the decoding
system table shown in Fig. 54, and the decoding table shown
in Fig. 55.

As shown in Fig. 54, the decoding system table
comprises a scenario information register and a cell
information register. The scenario information register
records the title number and other scenarioc reproduction
information selected by the user and extraéted from the
scenarioc selection data étSl. The cell information register
extracts and records the information required tc reproduce the

cells constituting the program chain PGC based on the user-



Is stored; if not, N-BLOCK is stored. The seanl ess reproduction flag

SPF reg stores a 25 value defining whether that cell is seanl ess connected
with - 147 the cell or cell block reproduced therebefore. If a seanless
connection is specified, SM. is stored; if a seanl ess connection is not
specified, NSML is stored. The interleaved allocation flag | AF_reg stores a
5 value identifying whether the cell exists in a contiguous or interleaved
block. If the cell is part of a an interleaved block, ILVB is stored;
otherwise NILVB is stored. The STC resetting flag STCDF defi nes whet her
the systemtime clock STC used for synchronization nust be reset 10 when
the cell is reproduced; when resettrﬁé°fhe systemtine clock STCis
necessary, STC RESET is stored; if resetting is not necessary, STC NRESET
is stored. The seam ess angle change flag SACF_reg stores a val ue

I ndi cating whether a cell in a nulti-angle period should 15 be connected
seanl essly at an angle change. |If the angle change is seanless, the
seanl ess arfig &l eddngeEdtagt SACR fosmedtion peghracseler Wse ithe s SE{NaG©
NSML. The f{ﬁf% U start address C FVOBU SA reg stores the VOBU

SeLl o YOBU S
start address of ?%e FifSE*G6FT 'in a block. 20 The value of this address

i s expressed as the dustange=difindley] agieCssesaniodfniidendt Yot regdistear t he
VIS titlhe YOBS J(A2STTERD) asymeasurad by and expregged (atoted. gy dhe
5 ANGLE_NO_reqg, AVAIN number VTS_NO_req, PGC nunbexr
VTS_PGCI_NO_reg, audic ID AUDIO_ID reg, sub-picture ID
SP_1ID_regq, and the svstem clock reference SCR buffer
SCR_buffer.
The angle number ANGLE NO_reg stores which angle is

10 reproduced when there zre multiple angles in the reproducticn
program chain PGC.

The VTS number VTS NO_reg records the number of the
next VTS reproduced from ameng the plural VTS on the disk.
The PGC number VTS_PGCI_NO_reg recoxrds which of the

15 plural program chains PGC present in the video title set VTS
is tc be reproduced for parental lock control or other
applications.

The audic ID AUDIO_ID reg records which of the
plural audioc streams in the VTS are to be reproduced.

20 The sub-picture ID SP_ID reg records which of the
plural sub-picture streams is to be reproduced when there are
plural sub-picture streaﬁs in the VTS.

The system clock reference SCR buffer SCR_buffer is
the buffer for temporarily storing the system clock reference

25 SCR recorded to the pack header as shown in Fig. 19. As



nunber of sectors. The last cell VOBU start address C LVOBU SA reg 25
stores the VOBU start address of the last cell in the block. 148- The val ue
of this address is also expressed as the distance fromthe |ogic sector of
the first cell in the VIStitle VOBS (VISTT VOBS) neasured by and
expressed (stored) as the nunber of sectors. 5 The decoding table shown in
Fig. 55 is described below. As shown in Fig. 55, the decoding table
conprises the following registers: information registers for non-seanl ess
mul ti-angle control, information registers for seanml ess nmulti- angle
control, a VOBU information register, and information 10 registers for
seam ess reproduction. The information registers for non-seanless nulti-
angl e control conprise sub-registers NSM. AG._Cl DSTA reg - NSM

AG._C9 DSTA reg. NSM. AG. Cl1_DSTA reg - NSM. AG._C9 DSTA reg record 15 the
NVMSL AGL Cl DSTA - NMSL AGL C9 DSTA values in the PCI packet shown in Fig.
20. The information registers for seam ess nulti-angle cqntrol conprise

sub-r egi st 8¢8CBHMESAGHSERSDETA 8§ - C BV _PRTPLOPPISIA 79T 205 BRESRE - ¢T*
DSTA reg -, SM..AGLC3-RSIA L85G £4Y €rkhfe cSMindGy SleRbnt rSMAG3 68
DSTA val ues 1 n the DSI. packet “ shown in Fig. 20.
as the bitstream contrel data Sté3.
The cell information register contains the following
5 sub-registexs: the cell block mode CBM reg, cell block type
CET_reg, seamless reproduction flag SPF_reg, interleaved
allocation flag IAF reg, STC resetting flag STCDF, seamless
angle change flag SACF_reg, first cell VOBU start address
C_FVOBU_SA reg, and last cell VOBU start address
10 C_LVOBU_SA reg.

The cell block mode CBM reyg stores a value
indicating whether plural cells constitute one functional
block. If there are not plural cells in one functiocnal block,
CBM_reg stores N_BLOCK. If plural cells constitute one

15 functional block, the value F_CELL is stored as the CBM_reg
value of the first cell in the block, L_CELL is stoxed as the
CBM_reg value of the last cell in the block, and BLOCK is
stored as the CBM_reg of value all cells between the first and
last cells in the block.

20 The cell block type CBT reg stores a value defining
the type of the block indicated by the cell block mode
CBM_reg. 1If the cell bléck is a multi-angle block, A BLOCK
is storxed; if not, N_BLOCK is stored.

The seamless reproduction flag SPF_reg stores a

25 value defining whether that cell is seamless connected with




The VOBU information register stores the end pack address VOBU EA in the
DSl packet shown in Fig. 20. -149- The information registers for seanl ess
reproduction conprise the follow ng sub-registers: an interleaved unit flag
ILVU flag reg, Unit END flag UNIT_END flag_reg, Interleaved Unit End
Address ILVU EA reg, Next Interleaved Unit Start 5 Address NT_ILVU SA reg,
the presentation start tinme of the first video frame in the VOB (Initial
Video Franme Presentation Start Tine) VOB V_SPTMreg, the presentation end
time of the last video frame in the VOB (Final Video Frame Presentation
Term nation Time) VOB V EPTM reg, audio reproduction stopping 10 tinme 1 VOB
A STP_PTML reg, audio reproduction‘éﬁaﬁping time 2 VOB A STP_PTM2_regqg,
audi o reproduction stopping period 1 VOB A GAP_LENLl reg, and audio
reproduction stopping period 2 VOB A GAP LEN2 reg. The interleaved unit
flag ILVU flag_reg stores the 15 value indicating whether the video object
unit VOBU is in an, interleaved block, and stores ILVUIif it is, and

N I LVU i f thetceThectniel END ddiag NISEURNDE fihar skef/tdr esl § e saaess

| nter | cavedb BT oM Eb. ecitae TRE nBPY oaved THTSFLVY | o 1 he Garat i ¢
for continuvotseteadhngs hbe sPBETLEND,f Nayir d¢ sHteresi END i f the VOBU
currently being read is the lLast VOBU in the interleaved unit |ILVU and
ot her wi se The interleaved allocation flag IAF_reg stores a
5 value identifying whether the cell exists in a contiguocus ox
interleaved block. If the cell is part of a an interleaved
block, ILVB is stored; otherwise N_ILVE is stored.
The STC resetting flag STCDF defines whether the
system time cleock 8TC used for synchronization must be reset
10 when the cell is reproduced; when resetting the system time
clock STC is necessary, STC_RESET is stored; if resetting is
not necessary, STC_NRESET is stored.
The seamless angle change flag SACF_reg stores a
value indicating whether a cell in a multi-angle period should
15 be connected seamlessly at an angle change. If the angle
change is seamless, the gseamless angle change flag SACF is set
to SML; otherwise it is set toc NSML.
The first cell VOBU start address C_FVOBU_SA_ reg
stores the VOBU start address of the first cell in a block.
20 The value of this address is expressed as the distance from
the lcgic sector of the first cell in the VTS title VOBS
(VTSTT_VOBS) as measured by and expressed (stored) as the
number of sectors.

The last c¢ell VOBU start address C_LVOBU_SA reg

25 stores the VOBU start address of the last c¢ell in the block.



stores N END. - 150 The Interleaved Unit End Address |ILVU EA reg stores
the address of the last -pack in the ILVU to which the VOBU belongs if the

VCEU is in an interl eaved bl ock. This address

of sectors fromthe navigation pack 5 NV of that VOSU. The Next
Interl eaved 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 nunmber of sectors from 10 the
navi gati on pack NV of that VOBU. The Initial

Ti me

first video frame in the VOB starts1*¥nre Final
Termnation Time 15 register VOB V EPTMreg stores the tinme at which

regi ster VOB V_SPTMreg stores the tinme at which presentation

presentation of the last video frame in the VOB ends. The audio
reproduction stopping tine 1 VOB A STP_PTM _reg stores the tine at which

the audio is to

i s expressed as the nunber

Vi deo Frame Presentation Start

of the

Vi deo Frane Presentation

be paused to enabl e resynchroni zation, and the audio 20

repr oduct i Bhesveppeng fpertiiod HUGHA GAPRLENIerRy=sE6Fe S S ide | Thytr ot
this pausecperi g%ugﬁggigugéga{ajg%gd&%'Pfréé OPP! 19; 4 1R 2,7 /B A o vors

STP_PTM2_reég an

Feproduction s

oppi ng pertrod 2 VOB A GAP_LEN2 reg

store the sepBTTavdBS) measured by and expressed (stored) as the number

10

15

20

of sectors.

The decoding table shown in Fig. 55 is described

below. As shown in Fig. 55, the decoding table comprises the

following registers: information registers for non-seamless

multi-angle control, information registers for seamless multi-

angle control, a VOBU information register, and information

registers for seamless reproduction.

The information registers for non-seamless multi-

angle control comprise sub-registers NSML_AGL_Cl_DSTA_reg -

NSML_AGL_CS_DSTA_reg.

NSML_AGL_Cl1_DSTA_reg - NSML_AGL_C9_DSTA_reg record

the NMSL_AGL Cl1_DSTA - NMSL_AGL C9 _DSTA values in the PCI

packet shown in Fig. 20.

The information registers for seamless multi-angle

control comprise sub-registers SML_AGL_Cl_DSTA_reg

SML_AGL_C9_ DSTA_reg.

SML_AGL_C1_DSTA_reg - SML_AGL_C9_DSTA_reg record the

SML_AGL_Cl1_DSTA - SML_AGL_C9_DSTA values in the DSI packet

shown in Fig. 20.

The VOBU information register stores the end pack

address VOBU_EA in the DSI packet shown in Fig. 20.



- 151 The operation of the DVD decoder DCD according to the present

I nvention as shown in Fig. 26 is described next belowwth reference to
the flow chart in Fig. 56. At step #310202 it is first determ ned whether a
5 disk has been inserted. If it has, the procedure noves to step #310204.
At step #310204, the volume file structure VFS (Fig. 21) is read, and the
procedure noves to step #310206. At step #310206, the video manager VMG
(Fig. 21) is 10 read and the video title set VIS to be reproduced is
extracted. The procedure then noves to step #310208. At step #310208, the
video title set nmenu address infornmation VISM C ADT is extracted fromthe
VTS information VTSI, and the proCéHﬁﬁé noves to step #310210. 15 At step
#310210 the video title set nenu VISMVOBS is read fromthe di sk based on
the video title set nmenu address information VISM C ADT, and the title
selection nenu is presented. The user is thus able to select the desired
title 20 fromthis nmenu in step #310212. If the titles include both
contiguous titles w tHhednfoamagdicectrabicetecsnfentSeME T F tIVOLHHE BPRI ng

audi o numbers, Sub- pLEt UL, DUIDET Sy, O JULEL-2Ng) €. 8CCE RNt gt « ENg; user
nmust al so enPEr Fhe ée5|re5 ang?e nu r. %ﬁcegihe user selection is
conpl et ed, the_fneecdide, @SOS Flagt epASEI®I4lag reg, Interleaved
Unit End Address ILVU EA reg, Next Interleaved Unit Start
5 Address NT_ILVU_SA reg, the presentation start time cf the
first video frame in the VOB (Initial Video Frame Presentation
Start Time) VOB_V_SPTM reg, the presentation end time of the
last video frame in the VOB (Final Video Frame Presentation
Termination Time} VOB_V_EPTM_reg, audio reproduction stopping
10 time 1 VCB_A_STP_ PTM1_reg, audio reproduction stopping time
2 VOB_A STP_PTM2 reg, audio reproduction stopping period 1
VOB_A_ GAP_LEN1_reg, and audio reprcduction stopping peried 2
VOB_A_GAP_LEN2_ reg. |
The interleaved unit flag ILVU_flag_reg stores the
15 value indicating whether the video object unit VOBU is in an.
interleaved block, and 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
20 in the interleaved unit ILVU. Because the interleaved unit
ILVUO is the data unit for continucus reading, the
UNIT_END_ flag reg stores END if the VOBU currently being read
is the last VOBU in the interleaved unit ILVU, and otherwise

stores N _END.



-152- At step #310214, the VIS PGCI #i program chain (PGC) data bl ock
corresponding to the title nunber selected by the wuser is extracted from
the VISPGC information table VIS PGCIT, and the procedure noves to step
#310216. 5 Reproduction of the program chain PGC then begins at step
#310216. When program chain PGC reproduction is finished, the decoding
process ends. |If a separate title is thereafter to be reproduced as
determ ned by nonitoring key entry to the scenario selector, the title
menu i s presented 10 again (step #310210). Program chain reproduction in
step #310216 above is described in_fidpther detail belowreferring to Fig.
57. The program chain PGC reproduction routine consists of steps #31030,
#31032, #31034, and #31035 as shown. 15 At step #31030 the decodi ng system
table shown in Fig. 54 is defined. The angl e nunber ANGLE NO reg, VTS
nunber VTS _NO reg, PGC nunber VIS PGCI _NO reg, audio ID AUDIO ID reg, and

sub-picture ID SP ID reg are set according to t sel | Qns made by the
user using the scenaFFBesH“éﬁfb?a?i@ognﬁﬁg@fgéc{]%eeﬁﬁf%tqéd-gée}l‘#léep? oduced i s
determ ned,rtdhe;aq0eLesRINAiNg cobt HAERr ARt iceR (RGRT | B OWARELOR HRNtYOES

C_PBlI #j) is extracted and the cell information register is defined. The
sub-r egi st &¥slemerel fi thatVere defimah drtateawd DItk Mde TP

cell D ock YRS (HILLE9 . $2A GRRLLEPLRIUELEODS 2P Lh A SRTay R o B Gd @V ed
al | ocation ¥ agFfAeI'—sﬁeg, g
5 NV of that VOBU.

The Naxt Intexleaved Unit Start Address
NT_ILVU_SA reg stores the start .address of the next
interleaved unit ILVU if the VORU is in an interleaved block.
This address is also expressed as the number of sectors from

10 the navigation pack NV of that VOBU.

The Initial vVvideo Frame Presentation Start Tiﬁe
register VOB_V;SPTM_reg stores the time at which presentation
of the first wvideo frame in the VOB starts. |

The Final Video Frame Presentation Termination Time

15 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
VOB_A_STP_PTM1l_reg stores the time at which the audio is to
be paused to enable resynchronization, and the audio

20 reproduction stopping period 1 VOB_A_GAP_LEN1l_reg stores the
length of this pause period.

The audio feproduction stopping time 2
VOB_A_ STP_PTM2_reg and audio reproduction stopping peried 2

VOB_A_GAP_LEN2_reg store the same values.



- 153 resetting flag STCDF, seam ess angl e 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 systemtable is defined, the 5 process
transferring data to the streambuffer (step #31032) and the process
decoding the data in the streambuffer (step #31034) are activated in
parallel. The process transferring data to the streambuffer (step #31032)
is the process of transferring data fromthe 10 recording nediumMto the
stream buffer 2400. This is, therefore, the processing of reading the
required data from the recording dium M and inputting the data to the
stream buffer 2400 according to th SlSer-selected title information and
t he pl ayback control information (navigation packs NV) 15 witten in the
stream The routine shown as step #31034 is the process for decoding the
data stored to the stream buffer 2400 (Fig. 26), and outputting the
decoded data to the video data output term nal 3600 and audi o data out put
terminal 3700. Thus, The ZEHRE iprocdss-ForoYecBarRgeand Pe SR FG Y e

#3034 ar o BRoRrA™] T RATAII Gl e BYocEas: g URTL Sl eron 1035 S the
cell, and b@boaswprbceesiengnare teelthe $lconpiteted,in tFis- deferm ned in step
At step #310202 it is first determined whether a

5 disk has been inserted. If it has, the procedure moves to
step #310204.

At step #310204, the volume file structure VFS (Fig.
21) is read, and the procedure moves to step #310206.
At step #310206, the video manager VMG (Fig. 21) is

10 read and the video title set VTS to be xeprcduced is
extracted. The procedure then moves to step #310208.

At step #310208, the wvideo title set menu address
information VISM_C_ADT is extracted from the VTS information
VTSi, and the procedure moves to step #310210.

15 At step #310210 the video title set menu VISM_VOBS
is read from the disk based on the video title set menu
address information VISM_C ADT, and the title selection menu
is presented.

The user is thus able to select the desired title

20 from this menu in step #310212. If the titles include both
contigucus titles with nc user-selectable content, and titles
containing audio numbers, sub-picture numbers, ox multi-angle
scene content, the user must alsc enter the desired angle
number. Once the user selection is completed, the procedure

25 moves to step #310214.



-154- #31035 whet her the conplete program chain PGC has been processed. If
processing the conplete programchain PGC is not conpleted, the decoding
systemtable is defined for the next cell in step #31030. This | oop from
step #31030 through 5 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 belowreferring to Fig. 70. The
stream buffer data transfer process (step #31032) 10 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 not,
the procedure noves to step #301441525 At step #31044 the non-nulti-angle
cell decoding process is executed. However, if step #30140 returns YES
because the cell is a nmulti-angle cell, the procedure noves to step #30142
where the seanl ess angl e change flag SACF is evaluated to 20 determ ne

whet her seanl ess angl e reproduction is specified. |If seanless angle
reproduction is spechti€feptde oseanwss vitsl Ficcangh epdegodinnghpirocedE)i s
executed in step #30146. |If seanl ess angle_rgprodu tion is not %peg%fied,
the non- s¥ht SRL°REI EPFARFPETEEEFdIERg Shfotesd i SUBRECUEES ST Sl ey 25

#30148. user is extracted from the VTSPGC information takle VTS_PGCIT,

and the procedure moves to step #310216.

5 Reproduction of the program chain PGC then begins
at step #310216. When program chain PGC "reproduction is
finished, the decoding process ends. If a separate title is

thereafter to be reproduced as determined by monitoring key
entry toc the scenaric selector, the title menu is presented

10 again (step #310210).

Program chain reproduction in step #310216 above is
described in further detail below referring to Fig. 57. The
program chain PGC reproduction routine consists of steps
#31030, #31032, #31034, and #31035 as shown.

15 At step #31030 the decoding system table shown 1n
Fig. 54 is defined. The angle number ANGLE_NO_reg, VTS number
VIS_NOC_reg, PGC number VTS_PGCI_NO_reg, audio ID AUDIO_ID reg,
and sub-picture ID SP_ID reg are set according to the
selections made by the user using the scenario selector 2100.

20 Once the PGC to be reproduced is determined, the
corresponding cell information {PGC informafion entries C_PBI
#3) is 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

25 flag SPF_regqg, interleaved allocation flag IAF_reg, sTC



- 155 The non-nulti-angle cell decoding process (step #31044, Fig. 62) is
described further below wth reference to Fig. 63. Note that the

non-nul ti-angl e cell decoding process (step #31044) conprises the steps
#31050, #31052, and #31054. 5 The first step #31050 eval uates the
interleaved allocation flag |AF reg to determ ne whether the cell is in
an interleaved block. If it is, the non-multi-angle interleaved bl ock
process is executed in step #31052. The non-nulti-angle interl eaved bl ock
process (step 10 #31052) processes scene branching and connecti on where
seanl ess connections are speC|f|ed |n for exanple, a nulti- scene period.
However, if the cell is not in an i SQH eaved bl ock, the non-nulti-angle
contiguous bl ock process is executed in 15 step #31054. Note that the step
#31054 process is the process executed when there is no scene branching or
connection. The non-nulti-angle interleaved block process (step #31052,
Fig. 63) is described further belowwth reference to Fig. 64. 20 At step
#31060 therﬁeautﬁgghéQGGQOBBCDE j sepedetse dnmld | fhange| IENACBSATALTET

address C gélrqu)ﬁfo the ié%%%%%%i SALLES Egglg er dgast cell

speci fical hé “dddreds reg Stored codi ng
systen1convoableta23oad@E@@s ﬁ@LVdBUjﬁhlfggu as bltstreanlreproductlon
control signal St53 to t he ) ,
Once .the decoding system table is defined, the
5 process transferring data to the stream buffer (step #31032)
and the process decoding the data in the stream buffer (step
#310324) are activated in parallel.
The process transferring data to the stream buffer
(step #31032) is the process of transferring data frxrom the
10 recording medium M to the stream buffer 2400. This is,
- therefore, the processing of reading the required data from
the recording medium M andrinputting the data to the stream
buffer 2400 according to the user-selected title information
and the plaYback control information (navigation packs NV)
15 written in the stream.
The routine shown as step #31034 is the process for
decoding the data stored to the stream buffer 2400 (Fig. 26),
and outputting the deccded data to the wvideco data output
terminal 3600 and audio data ocutput terminal 5700. Thus, is
20 the process for decoding and reproducing the data 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

25 as processing one cell is completed, it is determined in step



- 156 reproduction controller 2002. The reproduction controller 2002 thus
controls the recording nedia drive unit 2004 and signal processor 2008 to
nove the readi ng head 2006 to the specified address, data is read, error
correction code ECC and 5 other signal processing is acconplished by the
signal processor 2008, and the cell start VOBU data is output as the
reproduced bitstream St61 to the stream buffer 2400. The procedure then
noves to step #31062. At step #31062 the DSI packet data in the navigation
10 pack NV (Fig. 20) is extracted in the stream buffer 2400, the decoding
table is defined, and the procedure noves to step #31064. The registers
set in the decoding table are the 13U EA reg, NT_ILVUSA reg,

VOB _V_SPTM reg, VOB V EPTMreg, VOB A STP_PTML_reg, VOB A STP_PTM2_reg,
VOB A GAP_LEN1 reg, 15 and VOB A GAP_LEN2 reg. At step #31064 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 for one interleaved unit |ILVU, is

t ransf er r ed 3t Ache witertéam buhtercOlecTheopraeadurdiafen PID RePesPEE st ep
#31066. More specifjcally, the address. data |LV t [ h
decodi ng sYPHERTY ToI?%rpﬁ%ﬁﬁsfﬁ?ﬁ.gaﬁ)CFQPE§EEE%€§ t%ﬁt%%gg%p?ggugfion

control | er n2002% oukbte=t 4 &proglsiclt 08a€At Eokken 2002 e hiss doftmed stohethe
recording media 25 drive unit 2004 and signal processor 2&9?058 Egad tge

data to next cell in step #31030. This loop from step roug
5 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.
70. The stream buffer data transfer process (step #31032)
10 cémprises steps #31040, #31042, #31044, #31046, and #31048
shown in the figure.
At step #31040 it is determined whether the cell is
a multi-angle cell. If not, the procedure moves to =step
#30144. |
15 At step #31044 the non-multi-angle cell decoding
process is executed.
However, if step #30140 returns YES because the cell
is a multi-angle cell, the procedure moves to step #30142
where the seamless angle change flag SACF is evaluated to
20 determine whether seamless angle reproduction is specified.
If seamless angle reproduction is specified, the
seamless multi-angle decﬁding process is executed in step
#30146. If seamless angle reproduction is not specified, the
non-seamless multi-angle decoding process is executed in step

25 #30148.



- 157 the ILVU EA reg address, and after error correction code ECC and
ot her signal processing is acconplished by the signal processor 2008, the
data for the first ILWin the cell is output as the reproduced bitstream
St6l to the streambuffer 5 2400. It is thus possible to output the data
for one contiguous interleaved unit ILWon the recording mediumMto the
stream buffer 2400. At step #31066 it is determ ned whet her al
interleaved units in the interl eaved bl ock have been read and 10
transferred. If the interleaved unit ILWprocessed is the last ILVUin the
I nterl eaved bl ock, "Ox7FFFFFFF" indicating termnation is set to the
next-l1LWstart address NT_ILVU SA refSas the next read address. |f al
interleaved wunits in the interleaved bl ock have thus been processed, the
15 procedure noves to step #31068. At step #31068 the readi ng head 2006 is
again junped to the address NT_ILVU SA reg of the next interleave unit to
be reproduced, and the procedure | oops back to step #31062. Note that this
junp is al so acconpl i gied Asndestribedgakove:1R0 dardding | popcksem §&epr
#31062 to steE #31068 i s repeated. kbmgvgr, | f steP #3%096 égEUQQﬁcgEEE
i e., all ThatBFFealicd-ufR! FEVEPFRTHRET REBFIehVRE BY 0ék - Hate Been
transferredp; gt ep3#31Q9Lt €hAt NALESnon Iedl dNCak@le Nl 11 -@dgbei hat erbeayed
bl ock process (step

(step #31044) comprises the steps #31050, #31052, and #31054.

5 The first step #31050 evaluates the interleaved
allocation flag IAF_reg to determine whether the cell is in
an interleaved Dblock. If it is, the non-multi-angle
interleaved block process is executed in step #31052.

The non-multi-angle interleaved block process (step

10 #31052) processes scene branching and connection where
seamless connections are specified in, for example, a multi-
scene period.

However, if the cell is not in an interleaved block,
the non-multi-angle contiguous block process is executed in

15 step #31054. Note that the step #31054 process is the process
executed when there is nc scene branching or connection.

The non-multi-angle interleaved block process (step
#31052, FPig. 63) is described further below with reference to
Fig. 6&4.

20 At step #31060 the reading head 2006 is jumped to
the first cell VOBU start address 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) is

25 input as bitstream reproduction control signal St53 to the



#31052) thus transfers the data of one cell to the stream buffer 2400. The
non-mul ti-angl e conti guous block process is 5 executed in step #31054,
Fig. 63, is described further below wth reference to Fig. 65. At step
#31070 the reading head 2006 is junped to the first cell VOBU start
address C FVOBU SA read fromthe C FVOBU SAreg register. This junp is

al so acconplished as 10 descri bed above, and the | oop fromstep #31072 to
step #31076 is initiated. At step #31072 the DSI packet data in the

navi gation pack NV (Fig. 20) is extracted in the stream buffer 2400, the
decoding table is defined, and the procedure noves to step 15 #31074. The
regi sters set in the decoding t abl 6 3P t he VOBU EA reg, VOB V_SPTM reg,
VOB_V_EPTM reg, VOB A STP_PTML_reg, VOB _A STP_PTM2_reg,

VOB A GAP _LEN1 reg, and VOB A GAP_LEN2 reg. At step #31074 the data from
the first cell VOBU 20 start address C FVOBU SA reg to the end pack
address VOBU EA reg, i.e., the data for one video object unit VOBU, 1is
t r ansf er r edepovodhetsrreamriiidlereR48002The Procredrredtief o st xol 58€p

{31076, Thedat Byl SN HF0, A0S WL VIR, £OBLIIOUBLY Sfafd
2400. - 1589igAhlsbepdedEdbib 2dos stdetmera net wheddiotg ahéadeklb0é to the
specified address, data is read, error correction code ECC and
5 other signal processing is accomplished by the signal
processor 2008, and the cell start VOBU data is output as the
reproduced bitstream Stsl to the stream buffer 2400. The
procedure then moves to step #31062.
At step #31062 the DSI packet data ip the navigation
10 pack NV (Fig. 20) is extracted in the stream buffer 2400, the
decoding table is defined, and the procedure moves to step
#31064. The registers set in the decoding table are the
ILVU_EA_reg, NT_ILVU SA_reg, VOB_V_SPTM_reg, VOB_V_EPTM_reg,
VOB_A_STP_PTM1_reg, VOB_A STP_PTM2_reg, VOB_A _GAP_LEN1_reg,
15 and VOB_A GAP_LEN2 reg.

At step #31064 the data from the first cell VOBU
start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for oné interleaved unit ILVU, is
transferred to the stream buffer 2400. The procedure then

20 moves to step #31066.

More specifically, the address data ILVU_EA reg
stored in the decoding s?stem controller 2300 (Fig. 26) is
supplied to the reproduction controller 2002. The
reproduction controller 2002 thus controls the recording media

25 drive unit 2004 and signal processor 2008 to read the data to



data has been transferred. If all VOBU in the cell has not been
transferred, the data for the next VOBU is read continuously, and the
process | oops back to step #31070. 5 However, if all VOBU data in the cel
has been transferred as determned by the C LVOBU SA reg value in step
#31076, the non-nulti-angle contiguous block process (step #31054)
termnates. This process thus transfers the data of one cell to the stream
buf fer 2400. 10 Anot her method of acconplishing the non-nulti-angle cel
decodi ng process (step #31044, Fig. 62) is described belowwth reference
to Fig. 64. At step #31080 the reading head 2006 is junped to the first
cell VOBU start address C_FVCBU_SAW%ék'and the 15 first VOBU data in the
cell is transferred to the stream buffer 2400. The procedure then noves to
step #31081. At step #31081 the DSI packet data in the navigation pack NV
(Fig. 20) is extracted in the stream buffer 2400, the decoding table is
defined, and the procedure noves to step 20 #31082. The registers set in

t he decodi het ABVE_&Pe relge 2SR ST fagrd aﬁyag‘EN#QHJCq4§R§W#%&)QQ§F ECC

UNI T_END fIa LyU %ﬁ req, . NT I LVU. SA - q%*%géﬂlyl ed,
V_EPTM reg, gvﬁ}f‘%ﬂg-’ BT rpeg, 9\7@'1}? STﬁ ﬁfﬁ% rpeg G%\P LEle reg,
and VOB A GABckEN2r empos, 166 Abtst Epr#IHISE iher datauf Lomchke ddiristisel |
VEBU - star éuagg{:ezss %‘l’l';\/gggrgé_c:e% tb(g. ttsl’]x_ereear;rfI Sp aéclk tabddtrhees stream buffer
' 5 2400. It is thus possible to cutput the data =for one
contiguous interleaved unit ILVU on the recording medium M to
the stream buffer 2400.
At step #31066 it is determined whether all
interleaved units in the interleaved block have been read and
10 transferxred. If the interieaved unit ILVU processed is the
last ILVU in the interleaved block, "Ox7FFFFFFF" indicating
termination is set to the next-ILVU start address
NT_ ILVU_SA_ reg as the next read address. If all interleavsad
units in the interleaved block have thus been processed, the
15 procedure moves to step #31068.
At step #31068 the reading head 2006 is again jumped
to the address NT_ILVU_SA reg cf the next interleave unit to
be reproduced, and the ?rocedure loops back to step #31062.
Note that this jump is also accomplished as descriked above,
20 and the locp from step #31062 to step #31068 is repeated.
However, if step #31066 returns YES, i.e., all

interleaved unit ILVU in the interleaved block have been

transferred, step #31052 terminates.



VOBU EA reg, i.e., the data for one video object unit VOBU, is transferred
to the stream buffer 2400. The procedure then 5 noves to step #31083. At
step #31083 is determ ned whether all cell VOBU data has been transferred.
If it has, the process (step #31044) termnates. If it has not, the
procedure noves to step #31084. 10 At step #31084 it is determ ned whet her
the VOBU is the last VOBU in the interleaved unit. If not, the process

| oops back to step #31081. If so, the procedure advances to step #31085.
It is thus possible to transfer one cell of data in VOBU units to the
stream buffer 2400. 15 The loop fromstep #31081 to step #31084 repeats as
descri bed above. At step #31085 it is determ ned whether the interleaved
unit ILVUis the last in the interleaved block. |If so, step #31044
termnates. If not, the procedure advances 20 to step #31086. At step
#31086 the reading head 2006 is junped to the address NT_ILVU_ SA reg of
the next interleave unit, and _the prqcedure | oops o ste 081. It

is thus possible to Xt aRSPeruLie GﬁﬁéebetSHéeé F‘Fgof%epg?F ﬁ] oFFBr
2400. - 1643;dBe)seafleLseraylibzange decodi g RrRcessL EXeeUldtk &0xrshRp

#31046, Fig. 62, is described belowreferring to Fig. 67.
buffer 2400.
The non-multi-angle contigucus block process is
s executed in step #31.054, Fig. 63, is described further below
with reference to Fig. &5,

At step #31070 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA ;ead from the
C_FVOBU;SA;reg register. This jump is alsc accomplished as

10 described above, and the loop from step #31072 to step #31076
is initiated. ‘

At step #31072 the DSI packet data in the navigatiocn
pack NV (Fig. 20) is extracted in the stream buffer 2460, the
decoding table is defined, and the procedure moves to step

15 #31074. The registers set in the decoding table are the
VOBU_EA_ reg, VOB_V_SPTM_reg, VOB_V_EPTM_reg,
VOB_A_STP_PTM1_reg, VOB_A_STP_PTM2_ reg, VOB_A GAP_LEN1_reg,
and VOB_A_GAP_LENZ_reg.

At step #31074 the data frxrom the first cell VOBU

20 start address C_FVOBU SA reg to the end pack address
VOBU_EA xeg, i.e., the data for cne videc object unit VOBU,
is transferred to the stréam buffer 2400. The procedure then
moves to step #31076. The data for one videc cbject unit VOBU
contiguously arrayed to the recording medium M can thus be

25 transferred to the stream buffer 2400.



At step #31090 the reading head 2006 is junped to 5 the first cell VOBU
start address C FVOBU SA read fromthe C FVOBUSA reg register, and the
first VOBU data in the cell is transferred to the stream buffer 2400. The
procedure then noves to step #31091. This junp is also acconplished as
descri bed above, and the | oop fromstep #31091 to step #31095 10 is
initiated. At step #31091 the DSI packet data in the navigation pack NV
(Fig. 20) is extracted in the stream buffer 2400, the decoding table is
defined, and the procedure noves to step #31092. The registers set in the
decoding table are the 15 ILVU EA reg, SM._AG._Cl1_DSTA reg -

SML_AGL_C9 DSTA reg, VOB V_SPTMred5S9¥OB V EPTM reg, VOB A STP_PTML_reg,
VOB A STP_PTM2_reg, VOBA GAP LENl reg, and VOB A GAP LEN2 reg. At step
#31092 the data fromthe first cell VOBU 20 start address C FVOBU SA reg
to the I1LVU end pack address |ILVU EA reg, i.e., the data for one ILVU, is
transferred to the stream buffer 2400. The procedure then noves to step

#31093. It is thus passidids, oz 08 pULtt e dadde fiinoNewheenbirgwaUls cell
interleaved unit I1LVU on the recording nediumMto 25 the stream buffer
2400. - 162atat hgseperdl IRt ANCLE NG reyl i ¥OBPdiPed P ai® thd*Hrdcedur e

Toves 10 SLeBo #3094 cIbadundale operali pn:r eoRlS nike ANBE Nregla the

angl e nunber ~of e angl e sel ected
continuously, and the process loops back to step #31070.

5 However, if all VOBU data in the cell has been
transferred as determined by the C_LVCBU_SA_ reg value in step
#31076, the non-multi-angle contiguous block process (step
#31054) terminates. This process thus transfers the data of
cne cell to the stream buffer 2400,

10 Another method of accomplishing the non-multi-angle
cell decoding process (step #31044, Fig. 62) is described
below with reference to Fig. 64.

At step #31080 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA_reg, and the

15 first VOBU data in the cell is transferred to the stream
buffer 2400. The procedure then moves to step #31081.

At step #31081 the DSI packet data in the navigation
pack NV {(Fig. 20) is extracted in thé stream buffer 2400, the
decoding table is defined, and the procedure moves Lo step

20 #31082. The registers set in the decoding table are the
SCR_buffer, VOBU_EA reg, ILVU_flag_reqg, UNIT_END flag_reg,
ILVU_EA reg, NT_ILVU SA_reg, VOB_V_SPTM_reg, VOB_V_EPTM reg,
VOB_A STP PTM1 reg, VOB_A STP_PTMZ2_reg, VOB_A GAP_LEN1_reqg,

and VOB_A_ GAP_LEN2_ req.



t he user when the user changes the angle using the scenario 5 selector
2100 (Fig. 26). At step #31094 it is determ ned whether the angle cel

data has all been transferred. If all IL-VUin the cell have not been
transferred, the procedure noves to step #31095. |If all ILVU in the cel
have been transferred, the process 10 term nates. At step #31095 the
readi ng head 2006 is junped to the next angle (SM._AGL C#n reg), and the
process | oops back to step #31091. Note that SM._AG. C#n reg is the
address of the angle to which the ANGLE_NO reg was updated in step 15
#31093. It is thus possible to transfgq the data for the angle selected by
the user to the streambuffer 2400 T1H°YLVU units. The non-seanl ess

mul ti-angl e decoding process is 20 executed in step #30148, Fig. 62, is
described below referring to Fig. 68. At step #31100 the readi ng head 2006
Is junped to the first cell VOBU start address C FVOBU SA read fromthe

C FVOBU SA reg register, and the first VOBU data in the cell 25 is
transferred to the stReamtbuf #e0BL00-herhdapr ofE8Tr &Mhen T51632 - pVESY o

step #3110%. Jhi S LUER.LS aksgyRecodn! L3fed s descrihed ghoke. aandebhe
| oop fron1§1ep 31 o step #31106 —1s7initiated.
VOBU_EA reg, i.e., the data for one video object unit VOBU,
is transferred to the stream buffer 2400. The procedure then

5 moves to step #31083.

At step #31082 is determined whether all cell VOBU
data has been transferred. If it has, the process (step
#31044) terminates. If it has not, the procedure moves to
step #31084.

10 At step #31084 it is determined whether the VOBU is
the last VOBU in the interleaved unit. ff net, the process
loops back to step #31081. If so, the procedure advances to
step #31085. It is thus possible to transfer one cell of data
in VOBU units to the stream buffer 2400.

15 The loop from step #31081 to step #31084 repeats as
described above.

At step #31085 it is determined whether the
interleaved unit ILVU is the last in the interleaved block.
If so, step #31044 terminates. If not, the procedure advances

20 to step #310865.

At step #31086 the reading head 2006 is jumped to
the address NT_ILVU“SAﬁrég of the next interleave unit, and
the procedure loops back to step #31081. It is thus possible

to transfer the data for one cell to the stream buffer 2400.



At step #31101 the DSI packet data in the navigation 5 pack NV (Fig. 20)
Is extracted in the stream buffer 2400, the decoding table is defined,
the procedure noves to step #31102. The registers set in the decoding
table are the VOBU EA reg, NSM._AG._Cl_DSTA reg, NSM. AG._C9_DSTA reg,
VOB V_SPTM reg, VOB V_EPTM reg, VOB _A STP_PTML_reg, 10 VOE_A STP_PTM2_reg,

VOBA GAP_LENL reg,

and

and VOB A GAP_LEN2 reg. At step #31102 the data from

the first cell VOBU start address C FVOBU SA reg to the end pack address

VOBU EA reg, i.e., the data for one VOBU, is transferred to 15 the stream
buffer 2400. The procedure then noves to step #31103. It is thus possible
to output the data for one contigﬂd@%'video obj ect unit VOBU on the
recording mediumM to the stream buffer 2400. At step #31103 the

ANGLE NO reg is updated, and the
updat e operation resets
sel ected by

20 procedure noves to step #31104. This
the ANGLE_NO reg to the angl e nunber of the angle
the user when the user changes the angle using the scenario

sel ector 2100 (Fig. 28k sAbrdless #8104 artglies dgetatrimch etk Wt her<t et afgl e

25 cel |

ot “been' [ FAnSFEP: £ 0ERe BHocotinr o VRS HR die ML 0BT R VR | n

t he cell

10

15

20

25

heave been transferred, the process term nates.

At step #31090 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU._SA reg register, and the first VOBU data in the cell
is transferred to the stream buffer 2400. The procedure then
moves to step #31091. This jump is also accomplished as
described above, and the leoop from step #31021 tc step #31095
is initiated.

At step #31091 the DSI packet data in the navigation
pack NV (Fig. 20) is extracted in the stream buffer 2400, the

decoding table is defined, and the procedure moves Lo step

#31092. The registers set in the decoding table are the
ILVU_EA_ reg, SML_AGL_CI;DSTA;:eg - SML_AGL_C9_DSTA_reg,
VOB _V_SPTM_reg, VOB_V_EPTM_reg, VOB_A_STP_PTM1_reg,
VOB_A_STP_PTM2 reg, VOB_A GAP_LEN1_reg, and

VOB_A_GAP_LEN2_reg.

At step #31092 the data from the first cell VOBU
start address C_FVOBU SA reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for one ILVU, is transferred to
the stream buffer 2400. The procedure then moves to step
#31093. It is thus possible to output the data for one
contiguous interleaved unit ILVU on the recording medium M to

the stream buffer 2400.



At step #31105 the reading head 2006 is junped to 5 the next angle
(NSML_AG._C#n_reg), and the process advances to step #31106. Note that
NSML AGL_CHn reg is the address of the angle to which the ANGLE NO reg was
updated in step #31103. It is thus possible to transfer the data for the
10 angl e selected by the user to the stream buffer 2400 in VOBU wunits.
Step #31106 is an effective step for high speed angle swtching, and
sinply clears the stream buffer 2400. By thus clearing the stream buffer
2400 the data for the newy 15 sel ected angle can be reproduced w t hout
reproducing the angle data that is still not decoded. In other words,
clearing the stream buffer 2400 enalfizes faster response to user
operations. It is very inportant that DVD decoder according to the present
i nvention can pronptly noves to the next data 20 reading process and
effectively perforns the data reading once after the detection of the end
of data such as interleave unit |LVU and video object unit VOBU for the
sake of seam ess rempodueld @8 1WizchnkesasseEokoneky targetfiscefi, t Aedpresent
i nvention. 165- Wth reference to Fig. 69, a construction of the stream

buf f er 2409rﬂﬁF@Hr@aW°ﬁ@FfGPnﬁtﬁﬁe#égﬂgdete??fﬁhuQﬁat?ﬁ?%ﬁT%%b%nuﬁ?feFﬁvu

i s described bhivelkynoThe Stheamebuf,ber nadB@rcoapehsesngr ¥R bebten 8402,
a system buffer 2407, & '
the user when the user changes the angle using the scenario
5 selector 2100 (Fig. 26).

At step #31094 it is determined whether the angle
cell data has all been transferred. If all ILVU in the cell
have not been transferred, the procedure moves to step #31095.
If all TILVU in the cell have been transferred, the process

10 terminates.
| At step #31095 the reading head 2006 is Jjumped to
the next angle (SML_AGL_C#n_reg), and the process loopé back
to step #31091. Note that SML_AGL_C#n_reg is the address of
the angle to which the ANGLE NO _reg was updated in step
15 #31093.

It is thus possible to transfer the data for the
angle selected by the user to the stream buffer 2400 in ILVU
units.

| The non-seamless multi-angle decoding process is
20 executed in step #30148, Fig. 62, is described below referring
to Fig. &8, _

At step #31100 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU_SA_reg register, and the first VOBU data in the cell

25 is transferred to the stream buffer 2400. The procedure then



5 navi gation pack extractor 2406, and a data counter 2408. The system
buffer 2404 tenporarily stores the title control data VTSI(Fig. 16)

i ncluded in signal St6l, and outputs a control information St2450 (St63)
such as VIS PGC. The VOB buffer 2402 tenporarily stores the title VOS 10
data VISTT VOB (Fig. 16), and the stream St67 to the system decoder 2500.
The NV (navigation pack) extractor 2406 receives the VOB data at the sane
time with the VOS buffer 2402, and extracts the navigation pack NV
therefrom The NV extractor 15 2406 furthernore extracts the VOBU fi nal
pack address COBU EA or ILVU final pack address |ILVU EA which are the DS
generation information DSI _Gd showtr 363 +ig. 19 to produce a pack address

i nformati on St2452 (St63). The data counter 2408 receives the VOB data at
the 20 sane tine with the VOS buffer 2402, and counts each of pack data
shown in Fig. 19 byte by byte. Then, the data counter 2408 produces a pack
I nput termnating signal St2454 (St63) at the tinme when the inputting of
pack data meveen«t edepDumtimits aofisd r yighbon sshaWaoi mdeacagnpB%hddieas
stream 25 buffer 2400 perfornms the VOBU data transfer as exangle§ gi - 166-
step #31064°8FTEPGS 68°VEs FEF 6WE. 1PRB SEPBaft68f Far*3200° SorBut’thg
VOBU data fgr ;e iNYextractor 2406 and data counter 2408 at the sanme tine

when the VOBU buffer 2400 receives the VOBl data on the top of interleave
unit | LVU. At step #31101 the DSI packet data in the navigaticon

5 pack NV (Fig. 20) is extracted in the stream buffer 2400, the

decoding table is defined, and the procedure moves to step

#31102. The registers set in the decoding table are the
VOBU_EA reg, NSML_AGL _Cl1 DSTA reg, NSML_AGL_C9_DSTA_ rey,
VOB_V_SPTM_reg, VOB_V_EPTM_xreg, VOB_A_STP_PTM1l_reqg,
10 VOB_A _STP_PTM2 reg, VOB_A_GAP_LEN1l_reg, and

VOB_A_GAP LEN2_ reg.
At step #31102 the data from the first cell VOBU
start address C_FVOBU_SA reg to the end pack address
VOBU_EA _reg, i.e., the data for one VOBU, is transferred to
15 the stream buffer 2400. The procedure then moves to step
#31103. It is thus possible to ocutput the data for one
contigucus video object unit VOBU on the recording medium M
to the stream buffer 2400.
At step #31103 the ANGLE_NO_reg is updated, and the
20 procedure moves tc step #31104. This update coperation resets
the ANGLE_NO_reg to the angle number of the angle selected by
the user when the user changes the angle using the scenario
selector 2100 (Fig. 286).
At step #31104 it is determined whether the angle

25 cell data has all been transferred. If all VOBU in the cell



5 As a result, the NV extractor 2406 can extracts the data of |LVU EA and
NT ILVU SA at the sane tinme with the inputting of navigation pack data NV,
and outputs thereof as signal St2452 (St63) to the decode system
controller 2300 (Fig. 26). The decode system controller 2300 stores the
signal 10 St2452 into the ILVU EA reg and NT_ILVU SA reg, and then start
to counts the nunber of packs based on the pack term nating signal 2452
fromthe data counter 2408. Based on the fore nentioned the counted val ue
of packs and ILVU EA reg, the decode systemcontroller 2300 detects the
I nstance when the 15 inputting of final pack data of ILVU is conpleted, or
the inputting final byte data of t-h4f4i nal pack of the ILVUis conpleted.
Then, the controller 2300 further give a conmand for the bitstream
reproducer 2000 to nove to the position having a sector address indicated
by NT_ILVU SA reg. The 20 bitstream producer 2000 noves to the sector
address indicated NT_ILWSA reg, and starts to read the data. Thus, the
detecti on ghvhi fat BEEnOf rihVEL pRdal aadi RG JRRASS mbokst he snept #3LVRScan
be perforned effectively. In the above, an exanple where the multinedia
data 25 MBS iad- I efPRduzed thy t9r biREtT 2R®T eproBECEF *2600 Wit NBEP ST 167
buf fering ggg&gﬁ&téyujis I nputted to the stream buffer 2499. However, in
the case that the signal processor 2008 of the bitstreamreproducer 2000
is incorporated with 2t edfder#3pros ether readingt hondpROSEssis f prmrRAnpPe
the gont I‘Olt:Lgr n%a%coto angle (NSML_AGL_C#n_reg), and the process advances

to step #31106. Note that NSML_AGL_C#n_reg is the address of

the angle to which the ANGLE NO _reg was updated in step

#31103.

It is thus possible to transfer the data for the

10 angle selected by the user to the stream buffer 2400 in VOBU
units.

Step #31106 is an effective step for hig‘h speed

angle switching, and simply clears the stream buffer 2400.

By thus clearing the stream buffer 2400 the data for the newly

15 selected angle can be reproduced without reproducing the angle
data that is still not deceded. In other words, clearing the
stream buffer 2400 enables faster response to user operations.

It is very important that DVD decoder according to

the present invention can promptly moves to the next data

20 reading process and effectively performs the data reading once
after the detection of the end of data such as intexleave unit

ILVU and video object unit VOBU for the sake of seamless
reproduction which is one of main targets of the present

invention.



5 gives a noving command to reproducer 2000 so that the reproducer 2000
noves to the reading position indicated by NT_ILVUSA reg after conpletion
of the final pack data of fore nentioned ILVC] and clearing the internal
buffer of the reproducer 2000. Thus, the effective reproduction of ILVU 10
data even when the bitstreamreproducer 2000 includes a buffer for error
correction code (ECC) process. Furthernore, when the bitstream producer
2000 has a buffer for ECC process, the data can be transferred
effectively by providing any neans having a function 15 equivalent to that
of data counter 2408 (Fig. 69). In other words, the bitstreamreproducer
2000 generates the pack input conptdffon S|gnal St62; the decode system
controller 2300 gives a conmand based on the signal St62 the bitstream
reproducer 200 to nove to the reading position having sector 20 address
designated by NT_ILVU SA reg. As apparent fromthe above, the data can be
transferred effectively even when the bitstreamreproducer 2000 has a
function to buffer theidataefrepreducssd Figm Blfe recormtgiaedra ML %29 s

to be noted that the apparatus and nmethod 2 subst nt i
t hose descﬁ?ﬁﬁﬁmanﬁge bGVE Wit H-<2 1687 55 €h1 éﬁ% g§€§§§ﬁi?§iLvu

can be Usedizit%rigﬁved@ﬁ.@@timj\@lé&wrlﬂaéu Qf‘o:hﬁéfwar dﬁ:hé))sur&[ﬁrrac:iufgfetme
extraction of ILVU EA and NT ILVU Sa, and the storing of = 1LVU EA reg and

NT_| LVU_SA 340 WFehpEheeex i akeP oRUSE=vOms B g 2 System buffer 24047

1 navigation pack extractor 2406, and a data counter 2408. The
system buffer 2404 temporarily stores the title control data
VTSI (Fig. 16) included in signal Stél, and outputs a control
information St2450 (St63) such as VTS_PGC.
The VOB buffer 2402 temporarily stores the title VOB
10 data VTSTT VOB (Fig. 16), and the stream Sté7 to the system
decoder 2500.
The NV (navigation pack) extractor 2406 receives the
VOB data at the same time with the VOB buffer 2402, and
extracts the navigation pack NV therefrom. The NV extractor
15 2406 furthermore extracts the VOBU final pack address COBU_EA
or ILVU final pack address ILVU_EA which are the DSI
generation information DSI_GI shown in Fig. 19 to produce a
pack address information St2452 (Ste€3).
The data counter 2408 receives the VOB data at the
20 same time with the VOB buffer 2402, and counts each of pack
data shown in Fig. 19 byte by byte. Then, the data counter
2408 produces a pack input terminating signal St2454 (Sté3)
at the time when the inputting of pack data is completed.
Due to its construction shown in Fig. 69, the stream

25 buffer 2400 performs the VOBU data transfer as examples at



5 and storing VOBU EA reg, the apparatus and nethod according to the
present invention, described above, can be used for the detection of
unatend. This is effective for the VOBU data transferring operations shown
at steps #31074, #31082, =31092, and #31102. 10 Thus, the reading of data
such as ILVU and VOS can be performed effectively. Decoding flows in the
stream buffer The process for decoding data in the stream buffer 2400
shown as step #31034 in Fig. 57 is described below 15 referring to Fig.
58. This process (step #31034) conprises steps #31110, #31112, #31114, and
#31116. At step #31110 data is transferred in pack units fromthe stream
buffer 2400 to the system decoder 2508 {Fig. 26). The procedure then noves
to step #31112. 20 At step #31112 the pack data is fromthe stream buffer
2400 to each of the buffers, i.e., the video buffer 2600, sub-picture
buffer 2700, and audi o buffer 2800. At step #31112 the Ids of the
user-sel ected audio and sub-picture data, i.e., the audio ID AUDIO ID reg
and the 28tewb+rcian ecd FSP, | &1 egssEanedwko t IThscoanssam bufderateon -
169 register shown in Fig. 54, are conpared with the stream | D angd .

Iﬁg patRet s

sub- st r eanPPBPER FROMPRE t LREaddte (Vg o920 2P ciit

Zg ilgzt PUt cLANERS respscldrvec RUf fels JhRe RINGEAUEE VSHU MRVET SO 5L6P

receives the VOBI data on the top of interleave unit ILVU.
5 As a result, the NV extractor 2406 can extracts the data of
ILVU_EA and NT_ILVU SA at the same time with the inputting of
navigation pack data NV, and cutputs thereof as signal St2452

(8t63}) to the decode system controlier 2300 (Fig. 26).
The decode system controllexr 2300 stores the signal
10 $t2452 into the ILVU_EA_ reg and NT_ILVU_SA reg, and then start
to counts the number of packs based on the pack terminating
signal 2452 from the data counter 2408. Based on the fore
mentioned the counted value of packs and ILVU_EA reg, the
decode system controller 2300 detects the instance when the
15 inputting o©of final pack data of ILVU is completed, or the
inputting final byte data of the final pack of the ILVU is
completed. Then, the controller 2300 further give a command

for the bitstream reproducer 2000 to move to the position

having a sector address indicated by NT_ILVU _SA_ reg. The
20 bitstream producer 2000 moves to the sector address indicated
NT_ILVU_SA reg, and starts to read the data. Thus, the

detection of final end of ILVU and reading process for the
next ILVU can be performed effectively.
In the above, an example where the multimedia data

25 MBS is reproduced by the bitstream reprocducer 2000 without a




5 The decode timng of the respective decoders (vid=e, sub-picture, and
audi o decoders) is controlled in step #3111=, i.e., the decoding
operations of the decoders are synchronized, and the procedure noves to
step #31116. The respective elenmentary strings are then decoded 10 at step
#31116. The vi deo decoder 3801 thus reads and decodes the data fromthe

vi deo buffer, the sub-picture decoder 3100 reads and decodes the data from
t he sub-picture buffer, and the audi o decoder 3200 reads and decodes the
data from audio buffer. 15 This stream buffer data decodi ng process then
term nates when these decodi ng processes are conpl eted. The decoder
synchroni zati on process of step #3¥1W# - Fig. 58, is described below wth
reference to Fig. 59. This processes conprises steps #31120, #31122, and
#31124. 20 At step #31120 it is determ ned whether a seanl ess connection
I's specified between the current cell and the preceding cell. If a

seanl ess connection, the procedure noves to step #31122, if not, the
procedur e pRYEsriagShepc#tdkl2andAipr 06988 t8RNEAr O zé¢ e aparatfen 4099 .
produci ng _25 seamnl ess connections is executed jn stegs#31122, and. a

process - 170YS¥§Rchridhi ZHhgCBper &Pdn T FrofRdkait 8585 88RO oy i §Pe

execut ed iB; §kePeER 14U AGh £y€o SeanliRssrPUkhiteaCoRe N @PHAtKd Ofior
control, it is necessary to seam essly reproduce t_
error correction process, for example, the controllexr 2300

5 gives a moving command to reproducer 2000 so that the
reproducer 2000 moves to the reading position indicated by
NT_ILVU_SA reg after completion of the f£inal pack data of fore
mentioned ILVU and clearing the internal buffer of the
reproducer 2000, Thus, the effective reproduction of ILVU

10 data even when the bitstream reproducer 2000 includes a buffer
for error correction code (ECC) process. .

Furthermore, when the bitstream producer 2000 has
a buffer for ECC process, the data can be transferred
effectively by providing any means having a function

15 equivalent to that of data counter 2408 (Fig. 6%2). In other
words, the bitstream reproducer 2000 generates the pack input
completion signal Stsz; the decode system controller 2300
gives a command based on the signal sSté2 the bitstream
reproducer 200 to move to the reading position having sector

20 address designated by NT_ILVU_SA_reg. As apparent from the
above, the data can be t;ansferred effectively even when the
bitstream reproducer 2000 has a function to buffer the data
reproduced from the recording media M.

It is to be noted that the apparatus and method

25 substantially the same as those described in the above with



5 connections between VOB. Except when a VOB, which is normally a
single-streamtitle editing unit, is divided into discrete streans,
however, there is no contiguity between the SCR an.. PTS at the
connection. The problens relating to reproducing VOB of which the SCR and
PTS are not contiguous are described 10 below. Note that the presentation
time stanp PTS declaring the video presentation start tinme is referenced
below as t-: VPTS, the decoding time stanp DTS declaring the video decode
start tinme is referenced as VDTS, and the presentation tinme 15 stanp PTS
decl aring the audi o reproduction, resentation, start tineis
referenced as APTS bel ow. The relatlégship bet ween the SCR, APTS, and VPTS
val ues and recordi ng positions in the VOB are shown in Fig. 47 and

descri bed below. For sinplification this description 20 is limted to the
SCR and PTS paraneters. The top SCR value is recorded with the PTS to both
the mddl e audio stream and bottomvideo stream If the positions on the
hori zont alrexpect arer approxintetel satde vsde, IEPPr ernnebel yuSteh’e Same 8GR
value is recorded taq h st eam 171, Tse is.the t di cat ed the
SCR of théé?%%?tlﬁﬁcQﬂ%%Stﬁgl 9o PEPERe YPRES frmF%aIe&’ Fihe

the |ast akeleacpaek ide t hgvh‘OBA Taes i grt hev B, i neheater bycbhEngAI%Tﬁ of
the last audio pack in the VOB, Tvd is the video 5 decode buffer dela
ti.me; and ﬁ%ﬂu+£ALﬁ%9a%H@dNHeE%H@;%%i¥@€ with the extraction of VOBU_E&A

5 and storing VOBU_EA_ reg, the apparatus and method according
to the present invention, described above, can be used for the
detection of unatend. This is effective for the VO2U data
transferring operations shown at steps #31074, #31082, £31092,
and #31102. .

10 Thus, the reading of data such as ILVU and VOBU can
be performed effectively.

Decoding flowg in the stream buffer

The process for decoding data in the stream buffer

2400 shown as step $#31034 in Fig. 57 is described below

15 referring to Fig. 58. This process (step #31034) comprises
steps #31110, #31112, #31114, and #3111l€.

At sgtep #31110 data is transferred in pack units

from the stream buffer 2400 to the system decoder 2500 (Fig.

26} . The procedure then moves to step #31112.
20 At step #31112 the pack data is from the stream
buffer 2400 to each of the buffers, i.e., the video buffer

2600, sub-picture buffer 2700, and audio buffer 2800C.
At step #31112 the Ids of the user-selected audic
and sub-picture data, i.e., the audio ID AUDIO_ID_reg and the

25 sub-picture ID SP_ID_reg stored to the scenarioc information



delay tine. Fig. 48 is atine line frominput of the VOB shown in Fig. 47
to the system decoder to output of the last audio and video reproduction
data. The horizontal axis shows the 10 passage of tine t, and the vertical
axi s shows the SCR value, which indicates the time transfer should be
acconpl i shed, and the PTS values, which indicate the time reproduction
shoul d be acconplished. Both audi o and video outputs are thus del ayed by
the 15 respective decode buffers referenced to the systemclock reference
SCR, and while the audio and video data are input substantially

si mul t aneously, the video data is regroduced at a slight delay after the
audi o data. This delay is caused by~ phe difference in the video and audio
decode buffer delay 20 tinmes. In addition, when two VOB are connect ed,
there is no contiguity between the SCR and PTS at the connection except
when a single-streamVOB is split into separate streans. -172- Conti guous
reproduction of VOB #1 and VOB #2 havi ng non-conti guous SCR and PTS

par anet er s reg geter i PevibelroWig.efarn r apg tompaged4@itFighe 468-@ap Khevws t he

rel ati onship,peiveen, ths SOR, ¢S APTS, and, YPTe yalyes.and negording .
positions I n eac m e systemdc OC’[Z re?erence § |§t|rre InanI’ITB:tIOI’l
I ndi cati ng ddwecipaed paarst er akenmencand it racordesoatt hveapliffers. The
procedure then moves to step #31114.
S The decode timing of the respective decoders (vidso,
sub-picture, and audio decoders) is controlled in step #3111+,
i.e., the decoding operations of the decoders N
synchronized, and the procedure moves to step #31116€.
The respective elementary strings axe then decoczd

10 at step #31116. The video decoder 3801 thus reads and decodss
the data from the video buffer, the sub-picture decoder 3130
reads and decodes the data from the sub-picture buffer, =:d
the audio decoder 3200 reads and decocdes the data ffom e
audio buffer.

15 This stream buffer data decoding prxrocess then
terminates when these decoding processes are completed.

The decoder synchronization process of step #31114%,
Fig. 58, is described below with reference to Fig. 59. This
processes comprises steps #31120, #31122, and #31124.

20 At step #31120 it is determined whether a seamless
connection is specified between the current cell and the
preceding cell. If a seamiess connection, the procedure movess
to step #31122, if not, the procedure moves to step #3112:,

A process synchronizing operation for proeducing

25 seamless connecticons is executed in step #31122, and a proc=z=3s



pack; APTS is the audi o playback starting tinme information recorded with
each audi o packet; and VPTS is the video 10 pl ayback starting tine
information recorded with each video packet. The systemclock STCis a
reference clock for decoder synchronization control. Tsel is the tinme

i ndi cated by the SCR of the'last pack in VOB #1; Tael is the tine

i ndicated by the last APTS 15 in VOB #1; and Tvel is the tinme indicated by
the last VPTS in VOB #1. Tad is the audi o decode buffer delay tine; Tvd is
the video decode buffer delay tine; and the horizontal axis indicates the
passage of time t. 20 what is inportant to note here is that synchroni zing
t he audi o and video so that the repfbduced audio and video signals are
output at the tine the systemclock STC equals the APTS and VPTS val ues in
the stream To maintain the reference clock for transferring VOB 25 to the
system decoder, the first systemclock reference SCR 173 value in VOB #2
must be set to the STCinitializer at precisely time Tsel. However,,
because repidtetisn@ndopetptitonof 0B wdnhaganheoEshe ERTEGHHETE] at“ this
time point, the _audio and video still to be output fromVOB #1 after tine
Tz-e' 5 Ot DelMoPhal | §°T&pFoduced because the reference clock is

lost. Furthernore, gyenddhithe SCRyalygsof nhhe iSHeene reproductiocn

—

control, it is necessary to seamlessly reproduce t=

i

\

5 connections between VOB. Except when a VOB, which is normall:s
a single-stream title editing unit, is divided into discrets=
streams, however, there is no contiguity between the SCR arz
PTS at the connection. The problems relating to reproducing
VOB of which the SCR and PTS are not contiguous are describez

10 below.

Note that the presentation time stamp PTS declaring
the wvideo presentation start time is referenced beloﬁ as tih:z
vPTS, the decoding time stamp DTS declaring the video decods=
start time is referenced as VDTS, and the presentation time

15 stamp PTS declaring the audio reproduction, or presentation,
start time is referenced as APTS below.

The relationship between the SCR, APTS, and VPTS
values and recording positions in the VOB are shown in Fig.
47 and described below. For simplification this description

20 is limited to the SCR and PTS parameters. The teop SCR valus
is recorded with the PTS to both the middle audic stream an
bottom video stream. If éhe positions on the horizontal axis
are approximately the same, approximately the same SCR value

is recorded to each stream.




initializer is set at the audio end tine Tael, i.e., later than the system
clock reference SCR tinme Tsel, the reference 10 clock at which the first
pack in VOB #2 should be transferred is lost, and the reference clock for
the VOB #1 video output to be reproduced after tine Tael is |ost. The sane
probl em al so occurs if the systemclock reference SCRis set to the STC
initializer at time Tvel. 15 when there is a one-to-one correspondence
between the VOB reproduced first, i.e., the first VOB "and the VOB
reproduced thereafter, i.e., the second VOB, this problemcan be avoided
by assuring that the first SCR vakgﬁ of the second VOB is contiguous to

the last SCR of the first VOB. Ho er, 20 when conmon data is shared

between plural titles, there is a many-to-one rel ationship between the
first VOB and the many VOB that may be reproduced thereafter. Wen
contiguously reproducing a second VOB #2 following a first VOB #1, it is
therefore necessary, to destroy any renmaining VOB #1 data i.n 25 the_ decode
buffer at time TselTSeants seam Béser dRGERREETorPY t2a 725 R wREciF e afidi o and

video arg_not .internmitted s ngt _passihle; A Ot bedts) HOrviSpand esshy
reproducFﬁngbE %geak?%ﬁ Tt%e Cﬁ and PTE&gre not contiguous is described
by neanslebt tHeecwpaenbddi ment /a5 tlwee iiwaitd Gringeliow ™ S Yy dehr'oht zat i on
control |l er: enbodi pent. 1

ool e O IErt A 4f S B ST k] AL 002200 shomn
5 decode buffer delay time; and Tad is the audio deccde buififear
delay time.

Fig. 48 is a time line from input of the VOB shown
in Fig. 47 to the system decoder to output of the last audio
and video reproduction data. The horizontal axis shows the

10 passage of £ime t, and the vertical axls shows the SCR value,
which indicates the time transfer should be accomplished, and
the PTS wvalues, which indicate the time reproduction‘should
be accomplished.

Both audio and video outputs are thus delayed by the

15 respective decode buffers referenced to the system clock
reference SCR, and while the audio and video data are input
substantially simultaneously, the video data is reproduced at
a slight delay after the audio data. This delay is caused by
the difference in the video and audioc decode buffer delay

20 times.

In addition, when two VOB are connected, there is

no contiguity between the SCR and PTS at the connection except

when a single-stream VOB is split into separate streams.
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with reference to Fig. 32 below. As shown in Fig. 32, the synchronizer
2900 conprises a systemcl ock STC generator 2902, 10 PTS/ DTS extractor
2904, video decoder synchroni zer 2906, sub- picture decoder synchronizer
2908, audi o decoder synchroni zer 2910, and system decoder synchronizer
2912. The STC generator 2902 generates the systemclock for each decoder,
and supplies the synchronization system 15 clock STC to the video decoder
synchroni zer 2906, sub-picture decoder synchronizer 2908, audi o decoder
synchroni zer 2910, and system decoder synchronizer 2912. The STC gener at or
2902 is described in detail below with reference to Fig. 39. The PTS/ DTS
extractor 2904 extracts the present®dion 20 tinme stanp PTS and decodi ng
time stanp DTS fromthe synchronization control data StBl, and supplies
the PTS and DTS to the decoder synchronizers. The vi deo decoder
synchroni zer 2906 generates the video stream decoding start signal St89
based on the STC from-175- the STC generator 2902 and the deco%ﬂn tinme
stanp DTS for startomgiyides denodﬁngtégpp¢ﬁéﬂo$r%ﬁn%?ﬁe?Qﬁyﬁﬁ'EE%FF%ctor

2904. More specifically, the video coder. s 0nLZ gl L9006 gEn1AdES t he
vi deo str%‘ﬂ%‘&‘bﬂi"hﬁu%taﬁ@sf‘ﬁgalpg8§a aénr?é%%g 5 STC and DTS match. The

sub- pi ct ures decpder - Sypegronszer 2908 generates the sub-picture stream

decoding start signal St91 based on the STC fromthe STC 902
and thegdecoding ?iﬁégst%ﬁﬂ?lso shows the relationsglp betwggﬂegﬁ%(gcﬁ%

5 APTS, and VPTS values and recording positions in each VOB.

The system clock reference SCR is time informatiocn
indicéting the pack transfer time, and is recorded with each
pack; APTS is the audio playbkack starting time information
recorded with each audio packet; and VPTS is the wvideo

10 playback starting time information recoxded with each wvideo
packet . The system clock STC is a reference clock for decoder
synchronization control.

Tsel is the time indicated by the SCR of the last
pack in VOB #1; Tael is the time indicated by the last APTS

15 in VOB #1; and Tvel is the time indicated by the last VPTS in
VOB #1.

Tad is the audio decode buffer delay time; Tvd is
the video decode buffer delay time; and the horizontal axis
indicates the passage of time t.

20 What is important to note here is that synchronizing

the audio and video so that the reproduced audio and video

signals are coutput at the time the system clock STC equals the

APTS and VPTS values in the stream.

To maintain the reference clock for transferring VOB

25 to the system decoder, the first system clock reference SCR




DTS for starting sub-picture decoding supplied fromthe 10 PTS/ DTS
extractor 2904. More specifically, the sub-picture decoder synchronizer
2908 generates the sub-picture stream decoding start signal St91 when the
STC and DTS match. The audi o decoder synchroni zer 2910 generates the audio
stream decodi ng start signal St93 based on the STC from 15 the STC
generator 2902 and the decoding tinme stanp DTS for starting audi o decodi ng
supplied fromthe PTS/ DTS extractor 2904. Mre specifically, the audio
decoder synchroni zer 2910 generates the audi o stream decoding start signa
St 93 when the STC and DTS match. 20 The system decoder synchronizer 2912
outputs the STC fromthe STC geﬁé} or 2902 as the systemclock St79. The
systemclock St79 is used to control pack transfers fromthe stream
buffers to the system decoder. In other words, if the STC val ue exceeds
the SCR value in the pack, the pack data is 25 transferred fromthe stream
buffer to the system decoder. - 176 The structure and operation of the STC
gener at orvallg9? iar eVaBsch? bedsitn Het @dt b&lCowE APt B ef dreicd '+ g 239.

As shown in Fig..39,.the STC gener.ator 02 GCONRLLSES & iS¥Shem ochkeek STC
i L al | B SPL SRS e CPUEYard S’rg‘%é‘%g%z, RSt or 732014, STC
regener atsy 338161 SEG-seheet baBncarimpildterd 320t8isSTG | eRiBE - f Vi deo

decoder 32020, STC se| ector for sub-picture decoder, 32022 .C sel_ector
for audi GRS VistE™ stidd §PCPSetRTPor %%?ms‘@ésj% &rh é‘ce%oe’ e?sl 026.

5 cannot be normally reproduced because the reference clock is
lost.

Furthermore, even if the SCR wvalue of the STC
initializer is set at the =zudio end time Tael, i.e., later
than the system clock reference SCR time Tsel, the reference

10 clock at which the first pack in VOB #2 should be transferresd
is lost, and the reference clock for the VOB #1 video output
to be reproduced after time Tael is lost. |

The same problem also occurs if the system clock
reference SCR is set to the STC initializer at time Tvel.

15 When there is a one-to-one correspondence between
the VOB reproduced first, i.e., the first VOB, , and the VOB

. reproduced thereafter, i.e., the second VOB, this problem can

be avoided by assuring that the first SCR value of the second

VOB is contiguous to the last SCR of the first VOB. However,

20 when common data is shared between plural titles, there is a
many-to-cne relationship between the first vOB and the many

VOB that may be reproduced thereafter. When contiguously
reproducing a second VOB #2 following a first VOB #1, it is
therefore necessary, to destroy any remaining VOB #1 data in

25 the decode buffer at time Tsel, and seamless reproduction in




The STC offset cal cul ator 32012 calcul ates the 10 offset val ue STCof used
to update the system clock STC for contiguous reproduction of two VOBs
with different initial systemclock STC values (SCR). Mre specifically,
the offset value STCof is calculated by subtracting the initial Video
Frame Presentation 15 Start Tine VOB V_SPTMreg value of the next VOB to
be reproduced fromthe Final Video Franme Presentation Termnation Tinme VOB
V_EPTM reg (see Fig. 39) of the VOB reproduced first. The STC counter
32014 is a sequential counter that counts froma set value synchronized to
the system cl ock, and 20 generate% the reference clock STCc for each
decoder. The STC regenerat or 32016‘3d1puts a reset system clock STCr by
subtracting the of fset value STCof calculated by the STC offset cal cul ator
32012 fromthe reference clock STCc supplied fromthe STC counter 32014.
177- The systemclock STC initializer 32010 selects and sets the SCR from

the first pack in the VOB, or the reset systemclo k.Squtﬁ$5%g£b{épn1the
STC r egenriahoth820i6io amedoridien) ane ORE é&ﬁFFBFtEFénéF ¥fomthe STC

selection 5 controller 32018. The value set by the STCinitializer 32010
is the initial value used by the STC counter 32014. The STC selector for
vi deo decoder 32020, seleelss)eiftheseting esstipureBTeavrismh VHE @ﬁﬁyébﬁﬁter
32014 Ortggeségﬂéﬁg ﬁﬂgyaiéogkgh%ogzggﬁg %n%%a%%%é%%ﬁk§1Q§FQﬁQAﬁg be the
the two embodiments of the inventicn below.
5 (Synchronization controller: embodiment 1)
A first embodiment of the synchronizer 2800 shown
in Fig. 26 is described according to the present invention
with reference to Fig. 32 below. As shown in Fig. 32, the
synchronizer 2800 comprises a system.clock STC generator 2502,
10 PTS/DTS extractor 2904, video decoder synchronizer 2306, sub-
picture deccder synchronizer 2308, audio decoder synch;onizer
2910, and system decoder synchronizer 2912.
The STC generxrator 2902 generates the system clock
for each decoder, and supplies tﬁe synchronization systgm
15 clock STC to the video decoder synchronizer 29086, sub—picturé
decoder synchronizer 23908, audio decoder synchronizer 2910,
and system decoder synchronizer 2212. The STC generator 2902
is described in detail below with reference tCo Fig. 39.
The PTS/DTS extractor 2904 extracts the presentation
20 time stamp PTS and decoding time stamp DTS from the
synchronization control Aata gts81, and supplies the PTS and
DTS to the decoder synchronizers.

The video decoder synchronizer 2906 generates the

i m
video stream decoding start signal St8S based on the STC fro




10 control signal fromthe STC selection controller 32018, and outputs the
sel ected signal to the video decoder synchronizer 2906. The STC sel ector
for sub-picture decoder 32022 simlarly selects either output STCc or

out put STCr according 15 to the control signal fromthe STC sel ection
controller 32018, and outputs the selected signal to the sub-picture
decoder synchroni zer 2908. The STC sel ector for audi o decoder 32024
simlarly selects either output STCc or output STCr according to the 20
control signal fromthe STC selection controller 32018, and outputs the
sel ected signal to the audi o decoder synchronizer 2910. The STC sel ector
for system decoder 32026 sinilarly 1%etects either output STCc or output
STCr according to the 25 control signal fromthe STC selection controller
32018, and -178- outputs the selected signal to the system decoder
synchroni zer 2912. The operation of the STC sel ection controller 32018
during non-seanml ess reproduction is described belowwith 5 reference to
Fig. 60. Rwd ngraogeseaatess 2oper aindnthahdacbHénsSPlE ey $FaE° PSRl |

STC selectors, i.e., STC selector for _video. dec 028+ 5SLGsal-eckor
for sub- pisttarteHecHHae? §262§}H§T€%ﬁﬁ%&ﬁ%wf?%ﬁq%%%i%%dzcgger 32024, and

STC sel ecty,, f o Systemdeseder 32026 «Seleer teandeautyutchtie izesfe Rehée

: : % = lmsy
generates the video stream decoding start signal St89 wnhen Tnos

5 STC and DTS match.

n

The sub-picture decoder synchronizer 2208 generace
the sub-picture stream decoding start signal St91 based on the
STC from the STC generator 2902 and the decoding time stamp
DTS for starting sub-picture dJdecoding supplied £from the

10 PTS/DTS extractor 2904. More specifically, the sub-picture
decoder synchronizexr 2908 generates the sub-picture stream
decoding start signal St91 when tne STC and DTS matcﬁ.

The audio decoder synchronizer 2910 generates ths
audio stream decoding start signal St33 based on the STC from

15 the STC generator 2902 and the decoding time stamp DTS for
starting audio decoding supplied fxrom the PTS/DTS extractor
2904. More specifically, the audio decoder synchronizexr 2910
generates the audioc stream deccding start signal St93 when the
STC and DTS match.

20 The system decoder synchronizer 2912 outputs the STC
from the STC generator 2902 as the system clock St79. The
system clock St79 is used'to control pack transfers from the
stream buffers to the system decoder. In other words, if the
STC value exceeds the SCR value in the pack, the pack data is

25 transferred from the stream buffer to the system decoder.




10 clock STCc. More specifically, the STC sel ectors synchronize decoder
operation based on the reference clock STCc output by the STC counter
32014. The operation of the STC selection controller 32018 during seamnl ess
reproduction (when the SPF reg flag = SM.) is 15 also described below wth
reference to Fig. 40 and Fig. 61. Fig. 40 al so shows the relationship
between the SCR, APTS, VDTS, and VPTS val ues and recording positions in
each streamwhen two VOSs #1 and #2 are connected and seani ess

reproduced. 20 The systemclock reference SCRis tine information

i ndi cating the pack transfer time, and is recorded with each pack; APTS is
t he audi o pl ayback starting time 7hf%7F mation recorded with each audio
packet; VDTS is the video decode start tinme information recorded with each
vi deo packet; and 25 VPTS is the video playback starting tine information
recorded 179- with each video packet. The systemclock STC is a reference
clock for decoder synchronization control. Tsei (Ti) is the tine_indicated
by the SCR of the drastspacktineVeBUIopaetiqT2pt SNene®TF nB P REAEETed by

the 5 last APTS in VOB #1. .Tdel (T3),i L epdicated Py ighe albast
VDTS in Qeﬁz#ffeaﬁﬁsﬁﬁﬁbe%%if'F?t%ﬁé Pféngﬁéﬁgg?egg%; t he IathVS$S in

VOB #1, Esholeifi Pak. Vhdeocis ame JRresentat 200 2Termrdisesn TPRE ™
VCB_VLEPZ¥Jci?g%kTEigtgéfgyir g%%hjypg%é gfgg%t#éélculator 32012, STC
5 counter 32014, STC regenerator 32016, STC selecticn controller
32018, STC selector for video decoder 32020, STC selector for
sub-picture decoder 32022, STC selector for audio decoder
32024, and STC selector for system decoder 32026.

The STC offset calculator 32012 calcu;ates the
10 offset value STCof used to update the system cleck STC for
contiguous reproduction of two VOBS with different initial

system clock STC values (SCR). )
More specifically, the offset value STCof is
calculated by subtracting the Initial Video Frame Presentation
15 Start Time VOB_V_SPTM reg value of the next VOB to be
reproduced f£rom the Final Video Frame Presentation Termination

Time VOB_V_EPTM_reg (see Fig. 39) of the VOB reproduced first.

The STC counter 32014 is a seguential countex that
counts from a set value synchronized to the system clock, and
20 generates the reference clock STCc for each decoder.
The STC regenefator 32016 outputs a reset system
clock STCr by subtracting the offset value STCof calculated
>by the STC offset calculator 32012 from the reference clock

STCec supplied from the STC counter 32014.




T I——— i

10 Tad is the audi o decode buffer delay tine; and Tvd is the video decode
buffer delay tinme. Tad is the audi o decode buffer delay tine; Tdd is the
vi deo decode buffer delay tine; and Tve is the sumof the video decode
buffer delay time and the delay until video 15 presentation. Fig. 61 is a
flow chart used to describe the operation of the STC sel ection controller
32018 shown in Fig. 39 during seanl ess reproduction operation. At step
#311220, the STC offset (offset value STCof) 20 is calculated, and the
procedure noves to step #311221. As descri bed above, the STC offset val ue
STCof is calculated by subtracting the initial Video Frame Presentation
Start Tinme VOB V_SPTMreg val ue of he next VOB to be reproduced fromthe
Final Video Frane Presentation Termnation 25 Tine VOB V_EPTMreg (see Fig.
55) of the VOB reproduced first. 180 Thus, the total reproduction tinme of
the VOB reproduced first is calculated as the offset value STCof of the
VOB reproduced next. At step #311221 the cal cul ated_STC offietbvalug 5
STCof is applied toridesSiGnegbnekat®f 8201621 528Pdat BT P hES+§§sfe Cl ock

STC. The procedure then noves to_.step #311222, JThe $bg,regenerat ee=32016
updat es Fﬁ%”%y%?%nﬁgﬁoéfogﬂﬁﬁ%yf%ﬁﬁ?réﬁf%%élthe out put STCof fromthe STC

of fset calGulat en o3%012ré+ omiche efepenathec] TR SFASTRAFART f PSfrfhe

according to the contrel signal from the STC selection

5 controller 32018. The value set by the STC initializexr 22010
is the initial value used by the STC counter 32014.

The STC selector for video deccder 32020 selects
either the output $TCc from the S8TC counter 32014 cr the
cutput STCr from the STC regenerator 32016 according tc the

10 control signal from the STC selection controller 32018, and
outputs the selected signal to the videoc decoder synchronizer
2906.

The STC selector for sub-picture decoder 32022

similarly selects either output STCc or output STCr according

15 to the control signal from the STC selection controller 32018,
and Qﬁtputs the selected signal to the sub-picture decoder
synchronizer 2908.

The STC selector for audio decoder 32024 similarly

selects either output STCc or output gTCr according to the

20 control signal f£rom the STC selection controller 32018, and
outputs the selected signal to the audio decoder synchronizer
2910.

The STC selector for system decoder 32026 similarly
selects either output STCc or output STCr according to the

25 control signal from the STC selection controller 32918, and




10 STC counter 32014 (STCc - STCof), and outputs the result as the reset
systemclock STCr. At step #311222 the reset systemclock STCr is

sel ectively output by the STC selection controller 32018 to the STC

sel ector for system decoder 32026 at tinme T1 (Fig. 15 40), i.e., at the
time SCR changes fromstream VOB #1 to VOB #2. The procedure then noves to
step #311223. Thereafter the reset systemclock STCr is applied as the
system cl ock STC referenced by the system decoder, and the transfer timng
of VOB #2 to the system decoder is determned by the SCRin the 20 pack
header of the pack and the STCr. At step #311223 the reset system cl ock
STCr is selectively output to th¥’87C sel ector for audi o decoder 32024 at
time T2 (Fig. 40), i.e., at the tinme APTS changes from stream VOB #1 to
VOS #2. The procedure then noves to step 25 #311224. Thereafter the reset
systemclock STCr is applied as - 131 the systemclock STC referenced by
the audi o decoder, and the VOB #2 audio output timng is determ ned by the

APTS i ndigudsidire packet «andigha1STErthd myotdrer dpsoder RHBRERE ST
mat ches the APTS, the audio data corresponding to that APTS 5 is
reprodu@éd2 At step #311224 the reset systemclock STCr is selectively

output to the STC '@%%_e&gg%aé PL Vd €60, deeader 122020n aonttime 1E3- RG-S 40),
i.e., at the tine S'changes from stream VOB #1 to YQBéE&oJ“%dRﬁPCedure
t hen novRsr iy Strem-seamless reproduction 1S describe

5 reference to Fig. 60. During'non—seamless operation (when the
SPF_reg flag _ SML), all STC selectors, i.e., STC selector for
videc decoder 32020, STC selector for sub-picture decoder
32022, STC selector for audic decoder 32024, and STC selector
for system decoder 32026, select and output the reference

10 clock STCc. More specifically, the STC selectors synchronize
decoder operation based on the reference clock STCc output by
the STC counter 32014.

The coperation of the STC selection controller 32018
during seamless reproduction (when the SPF_reg flag = SML) is

15 alsc described below with reference to Fig. 40 and Fig. 61.

Fig. 4d also shows the relationship between the SCR,
APTS, VDTS, and VPTS values and recording positions in each
stream when two VOBs #1 and #2 arxe connected and seamless
reproduced.

20 The system clock reference SCR is time information
indicating the pack transfer time, and is recorded with each
pack; APTS is the audio playback starting time information
recorded with each audio packet; VDTS is the video decode
start time information recorded with each video packet; and

25 VPTS is the video playback starting time information recorded




10 #311225. Thereafter the reset systemclock STCr is applied as the
system cl ock STC referenced by the video decoder, and the VOB #2 video
decode timng is determned by the VDTS in the video packet and the STCr.
I n other words, when the STCr matches the VDTS, the video data
corresponding to that VDTS 15 is decoded. At step #311225 the reset system
clock STCr is selectively output to the STC sel ector for sub-picture
decoder 32022 at tine T4 (Fig. 40), i.e., at the time VPTS changes from
stream VOB #1 to VOB #2. The procedure then noves to step 20 #311226.
Thereafter the reset systemclock STCr is applied as the systemclock STC
referenced by the sub-picture decob® - and the VOB #2 sub-picture
presentation timng is determned by the presentation tinme stanp PTS in

t he sub-picture packet and the STCr. 182- In other words, when the STCr
mat ches the PTS, the sub-picture data corresponding to that PTSis
reproduced. Note that the process from sub-picture decoding to

pr esent atjih i SacrRGEQ isdaek d NStand aneotsh yoldsk aSTestft 2 FRESIFELEM
clock 5 STC val ue referenced by the sub-picture decoder changes at the
same ti mHgat J‘vﬂ’ﬁc‘i‘?‘f%e%iﬂ@bcﬁ%?bé%‘klg?a???ﬁﬁoﬁi'rre i nformation VPTS

changes from VOB #1.10, VOB, #2; At hat eRm&3L15ddG e HhOths sEBebLt ahishe STC
initializer 32010. The STC initializer 32010 thus supplies 1Q ghi %hupdat ed
cl ock to ltam: STG-ount ¥PB32014Tanki dF20pdmattds time indicated by the

5 last APTS in VOB #1; Tdel (T3) is the time indicated by the
last VDTS in VOB #1; and Tvel {(T4) is the time indicated by
the last VPTS in VOB #1, 4i.e., the Final Video Frame
Presentation Termination Time VOB_V_EPTM identified by the
last VPTS in VOB #1.

10 Tad is the audioc decode buffer delay time; and Tvd
is the video decode buffer delay time.

Tad is the audio decode buffer delay time; Tdd is
the video decode buffer delay time; and Tve is the sum of the
video decode buffer delay time and the delay until wvideo

15 presentation.

Fig. 61 is a flow chart used to describe the
operation of the STC selection controller 32018 shown in Fig.
39 during seamless reproduction operation.

At step #311220, the STC offset (offset value STCof)

20 is calculated, and the procedure moves to step #311221.

As described above, the STC offset value STCof is
calculated by subtracting the Initial Video Frame Presentation
Start Time VOB_V_SPTM_reg value of the next VOB to be
reproduced from the Final Video Frame Presentation Termination

25 Time VOB_V_EPTM_reg (see Fig. 55) of the VOB reproduced first.




using this reset systemclock STCr value as the initial value. The
procedure then noves to step #311227. At step #311227 all of the STC
selectors, i.e., STC selector for video decoder 32020, STC selector for
sub-picture 15 decoder 32022, STC selector for audi o decoder 32024, and
STC sel ector for system decoder 32026, output the reference clock STCc.
Thereafter, the systemclock STC referenced by the video decoder,
sub- pi cture decoder, audi o decoder, and system 20 decoder is the reference
clock STCc output fromthe STC counter 32014. The process from step
#311226 to step #311227 nust only be acconplished by the tinme the system
clock reference SCR changes from t#k-VOB #2 SCR to the first SCRin the
VOB 183- following VOB #2, i.e., by time Ti at which the change to the
next VOB is acconplished. Note that the STC switching tine Ti can al so be
obtai ned by detecting the change in the initial Video Frame 5 Presentation
Start Tinme VOB V SPTM or the Final Video Frame Presentation Term nation
Ti me VOB VuEPTMHE tidte Inadpgaiduait i pack mdV o fantieeXOBacebAgitire ASERTSR t he
pack imediately before the change. Note that th% §§nev rg'?PEML%Qd
VOB-V EPEN opdiretad dddded 555 taV P gy S atifoR Tpacks FAYthe sarme 10
VOB. As q“£§§plt, when either of these val ues changes, the VOB has al so

an

changed, by nonitoring a change in either of
At step #311221 the calculated STC offset wvalus

5 STCof is applied to the STC regenerabtor 312016 to update the
system clock STC. The procedure then moves to step #311222.
The STC regenerator 32016 updates the system clock
STC by subtracting the output STCof f£rom the STC offset
calculator 32012 from the reference clock STCc output from the
10 STC counter 32014 (STCc - STCof), and outputs the result as
the reset system clock STCr.
At step #311222 the reset system clock STCr is
selectively output by the STC selection controller 32018 to
>the STC selector for system decoder 32026 at time T1 (Fig.
15 40), i.e., at the time SCR changes from stream VOB #1 to VOB
#2. The procedure then moves to step #311223. Thereafter the
reset system clock STCr is applied as the system clock STC
referenced b? the system deccder, and the transfer timing of
VOB #2 to the system decoder is determined by the SCR in the
20 pack header of the pack and the STCr.
At step #311223 the reset system clock STCr is
selectively output to the STC selector for audio decoder 32024
at time T2 (Fig. 40}, i.e., at the time APTS changes from
stream VOB #1 to VOB #2. The procedure then moves to step

25 #311224. Thereafter the reset system clock STCr is applied as




t hese values, it is possible to know that the VOB has changed. Ti can be
obt ai ned by adding the pack transfer tine to the SCR value in the pack

i mredi ately before the VOB 15 changed. Note that the pack transfer tine is
a constant value. STC switching tines T2 and T3 can al so be cal cul at ed
fromthe APTS, VDTS, and VPTS val ues extracted i medi ately before the VOB
V SPTM or VOB V EPTM val ue in the navigation pack NV changes. 20 T2 is

cal cul ated by extracting the APTS fromthe audio packet inmediately before
t he VOB changes, and adding the audio reproduction tine contained in the
audi o packet of the correspondi ng APTS value. Note that the audio
reproduction tinme contained in thel3udi o packet can be 25 cal cul ated from
the audio bit rate and the packet data size. -184- T3 can be obtai ned by
extracting the VDTS fromthe video packet containing the correspondi ng VDTS
i medi ately before the VOB changes. T3 is thus obtained as the tine :
defined by the VDTS. 5 T4 is equivalent to the VOB V_EPTM val ue, which is

t her ef or e s egrsteSy rtbeanszat refiecented ber therbodineRtcoferA &BEohb®

enbodi nent _of the nchroni zer , 2900 sho in .Ei ' i bgdihe
accor di n§“fo #tzh?“b:f EMtEFhveht TORT 16 vﬁmttﬁrrméfnee%en e ‘J'thze %?%fé 4? bl ow. As

shown in Gido 4dactde swechioni zetr290fh cerpeirsesmisyswbancldek STCr
generatoLatches the APTS, the zudio data corresponding to that APTS
5 is reproduced.
At step #311224 the reset system cleck STCr is
selectively output to the STC selector for video decoder 32020
at time T3 (Fig. 40), i.e., at the time VDTS changes from
stream VOB #1 to VOB #2. The procedure then moves to step
10 #311225. Thereafter the reset system clock STCr is applied as
the systeﬁ clock STC referenced by the video decoder, and the
VOB #2 video decode timing is determined by the VDTS in the
video packet and the STCr. In other woxrds, when the STCr
matches the VDTS, the video data corresponding to that VDTS
15 is decoded.
At step #$#311225 the reset system clock S8TCr is
selectively output to the STC selector for sub-picture decoder
32022 at time T4 (Fig. 40), i.e., at the time VPTS changes
from stream VOB #1 to VOB #2. The procedure then moves Lo step
20 #311226. Thereafter the reset system clock STCr is applied
as the system clock STC referenced by the sub-picture decoder,
and the VOB #2 sub-picture presentation timing is determined

by the presentation time stamp PTS in the sub-picture packet

and the STCr.
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32030, PTS/ DTS extractor 32031, synchronization controller 32032, video
decoder synchroni zer 32033, sub-picture decoder synchronizer 32034, audio
decoder synchroni zer 32035, and 15 system decoder synchroni zer 32036. The
STC generator 32030 generates the systemclock for each decoder, and
supplies the synchroni zation systemclock STC to the video decoder
synchroni zer 32033, sub-picture decoder synchronizer 32034, audi o decoder
synchroni zer 32035, and system decoder 20 synchroni zer 32036. The STC
generator 32030 is a counter that operates at the system clock. The SCR
fromthe first pack in the first VOB in the programchain PGC is set as
the initial counter value, and i-sl®trereafter increnented based on the
system clock. Note that the initial STC counter value nay be 25 reset to
the APTS or VPTS value. 185 Both the audio and video outputs are
reproduced synchronized to the respective output clocks. It is therefore
possi bl e for synchronization to be disrupted by the accunulateg error in
STC, audi 0 out put Cf:pGKhen Gvatidieo Whapuths ST KPP ERFEi OPS Vhan %?s

accunul ated error becomes great, the respect.i ecoder-Buf.teas rayebe
dest roye@U@bPIandﬁ‘taada&ﬁdéPFFS\ﬁ/PBFdd‘?gr'f?o‘%as \a@tpTes?. The%gf ore, by

periodically heselidigd heosystempekeckeSIE-baithet APTE=8§RERFSRTZEE to
the audi0 output “clock, for exanple, APTS - STC errq&ugc%%gyé@tgggcﬁo can
be preveniketmpEnksied budtantanepest¥pr dued SHtiout™ T nterruption. In

thiSS Cases’TCVivg%.%es g%grx%%icze%t io?rntljlé sub-picture decoder changes at the
came timing at which the wvideo plavback starting time
information VPTS changes from VOB #1 to VOB #2.
At step #311226 the STCr is reset to the STC
initializer 32010. The STC initializer 32010 thus supplies
10 this updated clock to the STC ccunter 32014, which operates
using this reset system clock sTCr value as the initial value.
The procedure then moves Lo sStep #311227. '
At step #311227 all of the gTC selectors, i.e., STC
selector for video decoder 32020, sTC selector for sub-picture
15 decoder 32022, STC selector foxr audio decoder 32024, and STC
selector for system decoder 32026, ocutput the reference cleck
STCc.
Thereafter, the system clock STC referenced by the
video decoder, sub-picture decoder, audio decoder, and system
20 decoder is the reference clock STCcC output from the sSTC
counter 32014. .
The process from step #311226 to step #311227 must

only be accomplished by the time the system clock refexence

. s B
SCR changes from the VOB #2 SCR to the first SCR in the VO




control |l ed by skipping or freezing video output. This type of

synchroni zation control is defined as Audio Master synchroni zation
control. 15 On the other hand, by periodically resetting the system clock
STC to the VPTS synchronized to the video output clock, VPTS - STC error
accunul ati on can be prevented, and the video can be seam essly reproduced.
In this case, audio synchronization is controlled by skipping or pausing
audio 20 output. This type of synchronization control is defined as Video
Mast er synchroni zation control. In the follow ng description of

“synchroni zation control, an ON synchroni zation node refers to
STC-referenced 25 synchronizatiol®ontrol, either Audio or Video Master.
An OFF -186- synchronization node is when STC-referenced synchronization
control is not applied. In an OFF synchroni zation node the audio and video
decoders sequentially output the audio and video at a defined frane
frequency based on the respective 5 internal reference cl ocks w t hout

ref er enciaylohenti wesstanpi . gal ues £iom Theastwiehrs, thmdrgentagtedntro
is applied to_synchronize_th udi o and video. The PTS/ DTS extractor 32031
ext r act sSP¢He VBPe%@nF&FPEﬁHﬁ%%? tanp PTS and decoding tine stanp DTS from
10 the synchroni zaiiLer Gad ofndalgr St Sl e @thSUpphieesrt heaRTS1=ndb®TS to

t he respective decoder synchronizers. o ,
obtained by detecting the change in the Initial Videco Frame
5 Presentation Start Time VOB_V_SPTM or the Final Video Frame
Presentation Termination Time VOB_V_EPTM in the navigation
pack NV, and extracting the SCR in the pack immediately kbefore
the change. Note that the‘same VOB_V_SPTM and VOB_V_EPTM
values are recorded to all navigation packs NV in the same

10 VOB. As a result, when either of these values changes, the VOB
has alsoc changed, and by monitoring a change in either of
these values, it is possible to know that the VOB has dhanged.

T1 can be obtained by adding the pack transfer time
to the SCR wvalue in the pack immediately before the VOB

15 changed. Note that the pack transfer time is a constant value.

STC switching times T2 and T3 can also be calculated
from the APTS, VDTS, and VPTS values extracted immediately
before the VOB_V_SPTM or VOB_V_EPTM value in the navigation
pack NV changes.

20 T2 is calculated by extracting the APTS from the
audic packet immediately before the VOB changes, and adding
the audio reproduction time contained in the audio packet of
the corresponding APTS value. Note that the audio
reproduction time contained in the audio packet can be

25 calculated from the audio bit rate and the packet data size.
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The synchroni zation controll er 32032 generates the synchronization control
signal specifying an ON or OFF synchronization node for each of the
decoder synchroni zers. 15 This synchronization controller 32032 is
described in detail belowwth reference to Fig. 42. If the

synchroni zation control signal fromthe synchronization controller 32032
specifies an ON synchronization node, the video decoder synchroni zer 32033
20 generates the video stream decoding start signal St89 based on the STC
fromthe STC generator 32030 and the decoding time stanp DTS for starting
vi deo decoding supplied fromthe PTS/ DTS extractor 32031. More
specifically, the video decoder sy#é&hroni zer 32033 generates the video
stream decodi ng start 25 signal St89 when the STC and DTS match. -187- |If
t he synchroni zation control signal fromthe synchronization controller
32032 specifies an OFF synchronization node, the video decoder
synchroni zer 32033 constantly outputs the video stream decodi ng start
signal 5 St89. Thusrat henvisdeerdededer wpenates:titdegdrléMTY Bfom ex®er nal
control, and is controlled by internal state infornmatiqn. .
synchroniYéﬁEQnRﬁﬂﬁﬁ%ﬂC%?ﬁﬁgPlFﬁoﬁ?Fhecoﬁﬁﬁiﬁ?%nf%%tioggcdﬁ%?%§$%§e%§032

speci f | e.sb%@o% 40. SYREhronizas L on rpdes theiSubophahede aecotier time
synchroni Zer 034 generates the sub-picture stream decodi ng start signa
' defined by the VDTS. 7
5 T4 is equivalent to the VOB_V_EPTM value, which is
therefére used.
{synchronization controllex: embodiment 2)
2 second embodiment of the synchronizer 2900 shown
in Fig. 26 is described according to the present invention
10 with reference to Fig. 41 below. As shown in Fig. 41, the
synchronizer 2900 comprises a system clock STC generator
32030, PTS/DTS extractor 32031, sYnchronization éonproller
32032, video decoder synchronizer 32033, sub-picture decoder
synchronizer 32034, audio decoder synchronizer 32035, and
15 system decoder synchronizer 32036. The STC generator
32030 generates the system clock for each de;oder, and
supplies the synchronizaticn system clock STC te the video
decoder synchronizer 32033, sub-picture decoder synchronizer
32024, audio decoder synchronizer 32035, and system decoder
20 synchronizer 32036. The STC generator 32030 is a counter that
operates at thé system clock. The SCR from the first pack in
the first VOB in the program chain PGC is set as the initial
counter value, and is thereafter incremented based on the
system clock. Note that the initial STC counter value may be

25 reset to the APTS or VPTS wvalue.




St9l based on the STC fromthe STC generator 32030 and the decoding tine
stanp DTS for starting sub-picture decoding supplied fromthe PTS/ DTS
extractor 32031. More specifically, 15 the sub-picture decoder synchroni zer
32034 generates the sub- picture stream decodi ng start signal St91 when the
STC and DTS match. |If the synchronization control signal fromthe
synchroni zati on controll er 32032 specifies an OFF 20 synchroni zati on node,
t he sub-picture decoder synchronizer 32034 constantly outputs the
sub-picture stream decoding start signal St91. Thus, the sub-picture
decoder operates independently of external control, and is controlled by
internal state information. -188- If185hve synchroni zation control signal
fromthe synchroni zation controller 32032 specifies an ON synchronization
node, the audi o decoder synchroni zer 32035 generates the audi o stream
decoding start signal St93 based 5 on the STC fromthe STC generator 32030
and the decoding tinme stanp DIS for starting audi o decodi ng supplied from
the PTS/ DTS extract @ot32084e Musacspeed f vddklby , outmuiasidiag edetpepduced
synchroni zer 32035 generates the audi 0 stream decodi star j 93
when t he S$En&hé°D¢SeﬁhF€hFhforFFPFﬁElgﬁnEHFBHFz%??Sﬁgéo%?r% é#gﬁg#0$%0n1

the synchronizahion gontroller 32032:3BaCI fdeLs o CBEsraprely orvyzat £ba
node, the Badio &écodgr synchroni zer 32035 .
accumulated error in 8TC, audio output clock, and video output

5 clock precision. When this accumulated errcor becomes great,
the respective decoder buffers may be destroyed (by a data
underflow or overflow state). Therefore, by periocdically
resetting the system clock STC to the APTS synchronized to the
audio output clock, for example, APTS - STC error accumulation

10 can be prevented, and the audio can be reproduced without
interruption. In this case, video synchronization is
controlled by skipping or freezing wvideo output. '

This type of synchronization control is defined as
Audic Master synchronization control.

15 on the other hand, by periodically resetting the
system clock STC to the VPTS synchronized to the video output
clock, VPTS - STC error accumulation can be prevented, and the
video can be seamlessly reproduced. In this case, audio
synchronization is controlled by skipping or pausing audio

20 output.

This type of synchronization control is defined as
vVideo Master synchronization control.

In the following description of synchronization
control, an ON synchronization mode refers.to sTC-referenced

25 synchronization control, either Audio or Video Master. An OFF
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constantly outputs the audio stream decoding start signal St93. Thus, the
audi o decoder operates independently of 15 external control, and is
controlled by internal state information. The system decoder synchronizer
32036 outputs the STC fromthe STC generator 32030 as the system cl ock
St79. The systemclock St79 is used to control pack transfers fromthe 20
stream buffers to the system decoder. In other words, if the STC value
mat ches the SCR value in the pack, the pack data is transferred fromthe
stream buffer to the system decoder. The structure and operation of the
synchroni zation controller 32032 are described below wth reference to
Fig. 25 42 and Fig. 43. 189- The ¥6ructure of the synchronization
controller 32032 is shown in Fig. 42. As shown in the figure, the
synchroni zation control |l er 32032 conprises an SCR change detector 32040,
APTS changing tinme detector 32041, VPTS 5 changing tinme detector 32042, and
synchroni zati on node selector 32043. The SCR change det ect or 320490n
gener at eg_an UaRld 8% tioddie: sy RRBnOSIT atiede nRsdE<s eTIET T © 320231 31
ACTI VE S change detection signal if the SCR v 4.0k hen paslie nenrder 10
in the synelrodi za s caprkbfddat 32SEE ﬁéﬁ%ﬁgﬂigﬁigﬁw thus_setting the
SCRto 0 in the first pack Qf,ddhe &pf pguredoutatier thiferradhe 884 y
connectiﬁ@%ﬁﬂiﬁ%proau0|ng two VOB, the the respective
video at a defined frame freqguency based on

5 internal reference clocks without referencing the time stamp
wvalues from the streams, and no timing control is applied to
synchronize the audioc and wvideo.

The PTS/DTS extractor 32031 extracts the
presentation time stamp pTS and decoding time stamp prTs8 from

10 the synchreonization control data St81, and supplies the PTS

and DTS ﬁo the respective decoder synchronizers.

The synchronization controller 32032 genera;es the
synchronization control signal specifying an ON OF OFF
synchronization mode for each of the decoder synchronizerf.

15 This synchronization controller 32032 is described in detail
below with reference to Fig. 42.

If the synchronization control signal from the
synchronization controller 32032 specifies an ON
synchronization mode, the wvideo decodex synchronizer 32033

20 generates the video stream decoding start signal st89 ba%ed
on the STC from the STC geperator 32030 and the decoding time
astamp DTS for starting video decoding supplied from the
PTS/DTS extractor 32031. More specifically, the video decoder
synchronizer 32033 generates the video stream decoding start

25 signal St89 when the STC and DTS match.
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VOB break point can be easily detected. Note that the SCRis not set to O
when an originally contiguous VOB is divided in 15 two, i.e., when the SCR
is contiguous between two VOB. Note, further, that while a 0 value is
descri bed here, any val ue whereby the begi nning and end of each VOB can

be easily determ ned can be used. In the case of parental |ock control, for
exanple, 20 when a single stream e.g., VOB #2, is reconnected to one of

pl ural possible scenes, e.g., VOB #1, fromthe nulti-scene period enabling
parental |ock control, each of the VOB in the nmnulti-scene period nmay have
a different reproduction tinme, and it is not possible to assign the first
SCR val ue in each 25 possible VOB¥Z t0 account for all possible
connections. A -190- seaml ess can be achieved in such cases, however, by
setting the SCR of the first pack in VOB #2 to 0. The APTS changing tine
detector 32041 conpares the APTS in the synchronization control data St81l
when -he VOE 5 changes with the STC counter val ue supplied fromthe STC
generator 32030 shqwn ifeFigndiroVbearibe SEQwont eianddceéde™ hE"APTS,
the APTS changing tine detectcr 32041 generates and.inputs tgo,theser
synchr onsgatheonizds isel ect@MtBPHURT an AETPVE ABTS Change time detection
signal. 10 Note t.hat .the od it i 88cbher ARTSchremitdrer ¥2B22hanges
i s descr FEBE B 6ﬁ§ﬁﬁﬂ?r63%§éngggt§%ﬁ%§% 43.  The VPTS changing, tine

det ect or c32@42ntARPacesphihe the wvideo stream decoding sta igna

5 st89. Thus, the video decoder operates independently of
external control, and is controlled by internal state
infoxrmaticn.

If the synchronization control signgl from the
synchronization controller 32032 specifies an ON

10 synchronization mode, the sub-picture decoder synthonizer

32034 generates the sub-picture stream decoding startrsignal
St91 based on the S$TC from the STC generatcocr 32030 and the
decoding time stamp DTS for starting sub-picture decoding

supplied from the PTS/DTS extractor 32031. Moxre specifically,

15 the sub-picture decoder synchronizer 32034 generates the sub-

1 when the STC and DTS

picture stream decoding start signal St?

match.
If the synchronization control signal from the
' i £ OFF
synchronization controller 32032 specifies an
. | zor
20 synchronization mode, the sub-picture decoder synchronize

32034 constantly outputs the sub-picture stream decoding start
signal sSt9ol. Thus, the sub-picture decoder operates
independently of external control, and is contrelled by

internal state information.
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VPTS in the synchronization control data St8 when the VOB changes with
the STC counter value supplied fromthe STC 15 generator 32030. Wen the
STC counter exceeds the VPTS, the VPTS changing tinme detector 32042
generates and inputs to the synchronization node sel ector 32043 an ACTI VE
VPTS change time detection signal. Note that the nethod of detecting the
VPTS when the 20 VOB changes is described below wth reference to Fig. 43.
Based on the SCR change detection signal fromthe SCR change detector
32040, the APTS change tine detection signal fromthe APTS changing tine
detector 32041, and the VPTS change tinme detection signal fromthe VPTS
changing tine 25 detector 32042, -t#88 synchroni zati on node sel ector 32043 -
191 generates the synchroni zation node selection signals, and outputs to
t he vi deo decoder synchroni zer 32033, sub-picture decoder synchronizer
32034, audi o decoder synchroni zer 32035, and system decoder synchroni zer
32036. The STC update signal 5 STCs is also output to the STC generator

32030. The respective decodgls¥pshieatiens camntrol siarehr oAt | BR®based
on the systemclock STCif an ON synchroni zation nndefggsspegh{iedOle an
OFF synchyerimzatriimt iode | sospeeitipad, tHP3SrC i §PRGE Used for

synchroni zation 10 control .as crj bed, aBausaeFhesyapsaiainiorenf 3eR8s
synchron?i&ﬁqﬁ?qﬁﬁﬁfﬁﬁﬁe@?g?’ 32%23‘?5 descri bed next mﬁ{hséggeggg%% to

Fig. 43'generates the audioc stream decoding start signa

5 on the STC from the STC generator 32030 and the decoding time
stamp DTS for starting audio decoding supplied from the
PTS/DTS extractox 32031. More specifically, the audio decoder
synchronizer 32035 generates the audio stream decoding start
signal St93 when the sTC and DTS match.

10 If the synchronization control signal from the
synchronization contreoller 32032 specifies ag OFF
synchronization mode, the audio decoder synchronizer 32035
constantly outputs the audio stream decoding start signal
st93. Thus, the audio decoder operates independently of

15 external control, and is controlled by internal state
information.

The system decoder synchronizer 32036 outputs the

. h
STC from the STC generator 32030 as the system clock St72. The

system clock S§t79 is used to control pack transfers from the

20 stream buffers to the system decoder. In other words, if the

STC value matches the SCR value in the pack, the pack data is
transferred from the stream buffer to the system decoder.

The structure and operation of the synchronization

controller 32032 are described below with reference to Fig.

25 42 and Fig. 43.




At step #320430 the STC update signal STCs is generated and output to the
STC generator 32030, and the 15 procedure noves to step #320431. If the
STC update signal STCs is ACTIVE, the STC generator 32030 sets a new SCR
fromthe synchronization control data St81 as the initial value, and
updates the STC. At step #320431 the synchroni zati on node sel ector 20
32043 out puts a synchroni zati on node sel ection signal specifying an ON
synchroni zati on node to the decoder synchronizers 32033, 32034, 32035, and
32036. The procedure then noves to step #320432. At step #320432 the
procedure noves to step #320433 éﬁ if the SCR change detector 32040
detects that the SCR has -192- ch aéd. | f an SCR change is not detected,
this step is repeated until an SCR change is detected. As a result, an ON
synchroni zati on node continues to be output to the decoder synchronizers
as long as this step executes. 5 At step #320433 the synchroni zati on node
sel ector 32043 outputs a synchroni zation node sel ection signal specifying
an OFF synchroni zafhen fioaectere hefdebbdersYRSedh bt PR 3IDUEREC 32034,

32035, apdo32036  The.Rr QGedHLS. GLBCN MRKeS 0.5t en H3AD434uTl, S shep thus

means that the 10 synchroni zatTon node Is Ffromthe tinme Ti the VOB
changed sgwochagnpaekibtnanséerroliebotivaime ARTSrGls@E®yi Ay tFER debraeyor

32041 an -
: getector 32040, APTS changing time detectoxr 32041, VrT

U

5 changing time detector 32042, and synchronization mode
selector 32043.

The SCR change detector 32040 generates and supplies
to the synchronization mode selector 32043 an ACTIVE SCR
change detection signal if the SCR value in the pack header

10 in the synchronization control data St81 changes to 0. By thus
setting the SCR to 0 in the first pack of the VOB reproduced
later when seamlessly connecting and reproducing'two VOB, the
VOB break point can be easily detected. Note that the SCR is
not set to 0 when an originally contiguous VOB is divided in

15 two, i.e., when the SCR is contiguous between two VOB.

Note, further, that while a 0 value is described
here, any value whereby the beginning and end of each VOB can
be easily determined c¢an be used.

In the case of parental lock contreol, for example,

20 when a single stream, e.g., VOB #2, is reconnected to one of
plural possible scenes, e.g., VOB #1, from the multi-scene
period enabling parental iock eontrol, each of the VOB in the
multi-scene period may have a different repreoduction time, and
it is not possible to assign the first SCR value in each

25 possible VOB #2 to account for all possible connections. A




VPTS changing tinme detector 32042 detect a changed tinme at step #320434,
control |oops back to step #320430, and the 15 synchroni zation node is set
ON again at step #320431. However, if a changed tine is not detected, step
#320434 repeats until both the APTS and VPTS are detected to change. This
step thus neans that the decoder synchronizers continue operating in an
OFF synchroni zati on node. 20 Synchroni zation control at the start of nornal
reproduction, i.e., at a VOB start without contiguous reproduction froma
preceding VOB, is described next with reference to Fig. 44. Fig. 44 shows
the rel ati onship between the syste 25 clock reference SCR indicating the
time a VOB is input to the - 193 " §ystem decoder data, the audi o pl ayback
starting time information APTS, the decoder reference clock STC, and the
vi deo pl ayback starting tinme VPTS, referenced to tinme shown on the
horizontal axis with the values expressed in terns of 5 the presentation-.
start time PST on the vertical axis. The point at which the first SCRin
the VOB issadnless poimt oA, afhienedf insEuUSERGASSfot RV YT, TY Rormaf®
reproducti,on js,resuned fr t i ddl f cafter a specia
reproducfﬁgh:%%%é?étéﬁ%c%h%%%lg%?%Lg%ufggiggt%EBsane. 10 The tines between
i nput and out put ofThéerpmsi chatad Bn@andive déetedaes, 2P e8peEPTREFGS £8%and

romthe system degoder are  xpressed a5 Dpdaged Qhul Aroausseled ©
5 changes with the STC counter value supplied from the STC
generator 32030 shown in Fig. 41. When the STC counter
exceeds the APTS, the APTS changing time detectcr 32041
generates and inputs to the synchronization mode selector
32043 an ACTIVE APTS change time detection signal.
10 Note that the method of detecting the APTS when the
VOB changes is described below with reference to Fig. 43.
The VPTS changing time detector 32042 compares the
VPTS in the synchronization control data st81 when the VOB
changes with the STC counter value supplied from the STC
15 generator 32030. When the STC counter exceeds the VPTS, the
VPTS changing time detectoxr 32042 generates and inputs to the
synchronization mode selector 32043 an ACTIVE VPTS change time
detection signal.
Note that the method of detecting the VPTS when the
20 VOB changes is described below with reference to FPig. 43.
Based on the SCR change detection signal from the
SCR change detector 32040, the APTS change time datection
signal from the APTS changing time detector 32041, and ths
VPTS change time detection signal from the VPTS changing time

25 detector 32042, the synchronization mode selector 32043




recorded at the VOB beginning referenced to the tinme it is reproduced,
only video data is present at point C at the VOB 15 start, and the audio
data is recorded at point D after a delay of DIvd - DTad. Synchronization
is controlled at this point as described below. Video and audio output is
first stopped, the SCR value fromthe pack at point Ais set to the STC
generator 20 32030, and the STC generator 32030 operates an internal
counter at the systemclock and out puts the systemclock STC. Transfer of
the first pack in the VOB to the system decoder 2500 starts at the sane
time. The follow ng packs are trapsferred at the SCR recorded in the pack
header of each - 194 pack referencéd to the system clock STC produced by
the STC generator 32030. The first video data is then decoded, and video
output starts at point F when the STC output fromthe STC 5 generator
32030 matches the first VPTS value. Audio output is simlarly controlled:
the first audio data is decoded, and audi o outgut starts, at_poi nt %' t he

monent R THeS STERGUt PYRCPFORT FRBIQTC Wtrer SEOFC52650 SHATRhEs RS fir st

APTS valdie. , 10, ALL ernd epf 8dychions of Lhacataht et bhea¥(Bstbugpideegiesns, the
audi o APTS 'value 1s periodically set to the STC generator, 320%% %% control

synchr onieestden symerrdudieor M&ter, andiv desodest rVTEsFOrdizeT
and system decoder synchronizer 32036. The STC update signal

5 STCs is also output to the STC generator 32030.

The respective decoder synchronizers control
synchronization based on the system clock STC 1if an ON
synchronization mode is specified. If an OFF synchronization
mode is specified, the STC is not used for synchronization

10 control as described above.

The operation of the synchronization mode selector
32043 is described next with reference to Fig. 43.

At step #320430 the STC update signal STCs is
generated and output to the STC generator 32030, and the

15 procedure moves to step #320431. If the STC update signal STCs
is ACTIVE, the STC generator 32030 sets a new SCR from the
synchronization contrel data St81 as the initial wvalue, and
updates the STC.

At step #320431 the synchronization mode selector

20 32043 outputs a synchronization mode selection signal
specifying an ON synchronization mode to the decoder
synchronizers 32033, 320j4, 32035, and 32036. The procedure
then moves to step #320432.

At step #320432 the procedure moves to step H#320433

25 if the SCR change detector 32040 detects that the SCR has




The net hod of synchronizing seam ess reproduction 15 of two VOB is

descri bed next. The detection nethod of the SCR change detector 32040,
APTS changing time detector 32041, and VPTS changing tinme detector 32042
in Fig. 42 is particularly described with reference to Fig. 45. Fig. 45
shows the rel ati onship between the recording 20 positions and val ues of
SCR, APTS, and VPTS when VOB #1 and VOB #2 are seanl essly reproduced. Wy
t he synchroni zati on node of the decoder synchroni zers nmust be switched ON
and OFF to achieve seanl ess reproduction is described first. Point Gis
the tine at which the pack being 1%5 transferred changes from VOB #1 to VOB
#2, His the time the -195- audio fput changes, and | is the tinme the

vi deo out put changes. Because the audi o out put and vi deo output thus
change at different times, synchronization control cannot be achi eved
using a single systemclock STC. It is therefore necessary to 5 prevent
synchroni zation control using the STC during the period from when .the SCR
changes ctandsm Glfo sthefBotAhanes APTIERd WSESHRre ERARGeT R tithe |-

After bath the ART V4 AVE.chapggdeat Lhmeak, asyashneni aat ioon
controlﬁﬁﬁﬁ%}?é&?é%§$¥%% g%%i% po%sible and necessary. 10 The net hod of

det ect i ngridierdriiiangian whideh cegymichreeni zat bencuspritol t¢ stBE oFFEFST. e. |
when the synchroni zati on_nbde istFurned OFF, is.described next. The timng

at whi cIPHHE ST ORI 28t FORS Bt S Step ekecttss:

5 At step #320433 the synchronization mode selector
32043 outputs a synchronization mode selection signal
specifying an OFF synchronization wmode to the decoder
synchronizers 32033, 32034, 32035, and 32036. The procedure
then moves to step #320434. This step thus means that the

10 synchronization mode is OFF from the time T1 the VOB changed
during pack transfer.

if both the APTS changing time detector 32041 and
VPTS changing time detector 32042 detect a changed time at
step #320434, control loops back to step #320430, and the

15 éynchronization mode is set ON again at step #320431. However,
if a changed time is not detected, step #320434 repeats until
both the APTS and VPTS are detected to change. This step thus
means that the decoder synchronizers continue operating in an
OFF synchronization mode.

20 Synchronization control at the start of normal
reproducticn, i.e., at a VOB start without contiguous
reproduction from a precéding voB, is described next with
reference to Fig. 44.

Fig. 44 shows the relationship between the system

25 clock reference SCR indicating the time a VOB is input te the




turned OFF is obtained fromthe SCRtine chart in Fig. 45. VOB 15 #1 is
being output to the system decoder while the SCR val ue increases, and SCR
becomes 0 only at tinme G i.e., when VOS #1 transfer stops and VOB #2
transfer begins. Therefore, by detecting the tinme at which the SCR val ue
beconmes 0, it is known that VOB #2 is being input to the system decoder,
and 20 the synchroni zation node is therefore set OFF at this tinme Tg. It
is also possible to detect that the SCRis 0 when the value is witten to
the stream buffer. The synchronization node can al so be set OFF when a 0

SCR value is detected witten to the streambuffer. - 196 The tim ng at
whi ch synchroni zati on contr ol begiﬂ%: i.e., when the synchronization node
is turned fromOFF to ON, is described next. To start synchronization

control it is necessary to 5 know when both the audi o and vi deo out put
have switched from VOB #1 to VOB #2. The nonent when the audi o out put
changes to VOB #2 can be known by detecting the point H at which the APTS
val ue stopscémcreasbigr Likewi sepheheandientpihehache FF&E65178ut fdi"®changes

to VOB #2 can be known_by detecting.the Ln I ith theaVRES val ue
stopsilﬁﬂﬁﬁﬁﬂﬁﬁ?o?ﬁﬁngbofﬁ“%o %ﬁ%de?iE%gefgﬂégecég%gﬁ?%d, the

synchronj zatd 051 8pE8ckS skERdnat @)iyne SAITON BiféFemcdd . tFheiremishgwa which
the synchroni zation node is set OFF can also be deLaggg t0 atime hetween
tinme Tg<andth¢n@oqigontal axis with the values exples

5 the presentation start time PST on the vertical axis.

The point at which the first SCR in the VOB is 0 is
peint A. If the first SCR is npot ©, e.g., if normal
reproduction is resumed from the middle of a VOB after a
special reproduction mode, the control procedure is the same.

10 The times between input and output of the audioc data and video
data, respectively, to and from thel system decoder are
expressed as DTad and DTvd. Because DTzd < DTvd, and data is
recorded at the VOB beginning referenced to the time it is

" reproduced, only video data is present at point C at the VOB

15 start, and the audic data is recorded at point D after a delay
of DTvd - DTad.

Synchronization is controlled at this point as
described below. Video and audic output is first stopped, the
SCR value from the pack at point A is set to the STC generator

20 32030, and the STC generator 32030 operates an internal
counter at the system clock and outputs the system cleck STC.
Transfer of the first paek in the VOB to the system decoder

2500 starts at the same time. The following packs are

transferred at the SCR recorded in the pack header of each




15 rather than at tinme Tg when an SCR change is detected. By setting the
synchroni zati on node OFF at tinme Th, i.e., the tine at which a change in
APTS or VPTS is detected, between Tg and Ti, the duration of the OFF
synchroni zati on node can be shortened. 20 However, when the timng is
based on detecting whether both APTS and VPTS val ues continue increasing,
it is clear that both APTS and VPTS val ues nust decrease when VOB are
connected. In other words, the |last APTS and VPTS values in a VOB nust be
greater than the maximuminitial APTS and 25 VPTS values in a VOB. - 197
The maximuminitial (Drad and DTvd% APTS and VPTS values are defined as
follows. The initial APTS and VPT®%al ues are the sums of the video data
and audi o data storage tines in the video and audio 5 buffers, and the
video reordering tinme (in MPEG video, the picture decode order and
presentation order are not necessarily the same, and presentation is

del ayed a maxi num one picture fromthe decoder) . Therefore, the sum of
the timpadiequéredehordt he wingeayeufdrerclamck a¥@¢ opbaferd &3 ithe Effd 10
the presentation delay (1 frame period) fromvideo reordering, determ nes
t he naHQﬁRﬁ¥?ﬁ?Fa?29§Pues for APTS and VPTS. As a result, the last A?TS

and VPTS val ues inpgeVER rAf 6y 8h¥8Y SadsS| ghedhta exesastled hesadraxidem

initial values when the VOB are produced.
output starts at point F when the STC output from the STC

S generator 32030 matches the first VPTS value.

Audic output is similarly controlled: the first
audio data is decoded, and audio output starts at poipt E, the
moment when the STC output from the STC generator 32030
matches the first APTS value.

10 After reproduction of the start of the VOB thus
begins, the audio APTS value is periodically set to the STC
generétcr 32030 to control synchronization under Audio Master
or Video Mastexr control.

The method of synchronizing seamless reproducticn

15 of two VOB is described next. The detecticn method of the SCR
change detector 32040, APTS changing time detector 32041, and
VPTS changing time detector 32042 in Fig. 42 is particularly
described with reference to Fig. 45.

Fig. 45 shows the relationship between the receording

20 positions and values of SCR, APTS, and VPTS when VOB #1 and
VOB #2 are seamlessly reproduced. Why the synchronization mode
of the decoder synchronizers must be switched ON and OFF to
achieve seamless reproduction is described first.

Point G is the time at which the pack being

25 transferred changes from VOB #1 to VOB #2, H is the time the




15 While it is possible to control the timng at which the synchronization
node is turned ON foll ow ng VOB connection by detecting whet her both APTS
and VPTS val ues continue increasing, it is also possible to achieve the
same synchronization control by detecting the tine at which the 20 APTS
val ue drops bel ow an APTS threshol d val ue, and the VPTS value drops bel ow
an VPTS threshold val ue. These APTS and VPTS threshol d val ues can be

cal cul ated by using values equal to the maximuminitial APTS and VPTS

val ues of the VOB as the threshold values, and 25 calculating them as
descri bed above. -198- By applying ON/ OFF synchroni zati on node control as
descri bed above, seanl ess reprodl #P6n that does not disturb the pl ayback
condition can be achieved in VOB connections. Note that various nethods
can be used in the 5 reproduction apparatus for audio and vi deo

synchroni zation control in the second enbodi ment descri bed above. The nost
common of these nethods (1) is to reset the systemclock STC to the APTS
val ue everdiséewusguendshaneeer mamsl whetliferthshet 19T Rl HadrS fAHPHT sl ow

e eTeR L L RS SO ST ARG seak W shio shds gy as
Al ter natiwvelisfdtents tahe pesacbkeniZe ttien eset rbhecasyst émt AVESFE t 0
Lhe VPTS value every, Tew seconds, . dslermne WReLher he AR Ayed S Tast
or sl ow‘t@}e¥efcethg-= SYS

5 prevent synchronization control using the STC during the
period from when the SCR changes at time G to when both the
APTS and VPTS have changed at time I. After both the APTS and
VPTS have changed at time I, synchronization control using the
STC is agéin possible and necessary.

10 The wmethod of detecting the timing at which
synchronization control is stopped, i.e., when the
synchronization mode is turned OFF, is described nexﬁ.

The timing at which the synchronization mode is
turned OFF is obtained from the SCR time chart in Fig. 45. VOB

15 #1 is being output to the system decoder while the SCR value
increases, and SCR becomes 0 only at time G, i.e., when VOB
#1 transfer stops and VOB #2 transfer begins. Therefore, by
detecting the time at which the SCR value becomes 0, it is
known that VOB #2 is being input to the system decoder, and

20 the synchronization mode is therefore set CFF at this time Tg.

It is also possible to detect that the SCR is 0 when
the value is written to the stream buffer. The synchronization

mode can also be set OFF when a 0 SCR value is detected

written to the stream buffer.




15 to the systemclock STC, and freeze or skip audi o output as necessary.
This is the so-called Video Master nethod described above. Another nethod
(3) is to directly conpare the APTS and VPTS val ues, and use either the
APTS or VPTS value for 20 reference. Regardless of which nmethod is used
for OV OFF synchronization-node control, however, the sane effect can be
achi eved. As described above, two nethods are used for audio- 25 video
synchroni zation according to the present enbodi nent, - 199 Audi o Master
and Video Master synchronization control. For Audio Master synchronization
control the systemclock STCis eriodically reset to the APTS val ue,
whether the VPTS value is earlief®®r later is deternined referenced to the
reset 5 systemclock STC, and the video presentation is frozen or skipped
as necessary for synchronization. For Video Master synchronization control
the systemclock STCis periodically reset to the VPTS value, whether the
APTS value is earlier or later is determned referenced to_the reset
system cl ock STC, fe antniheg eaudﬂo-cpr SvEHhaar T Ats PaGeeF Tor SREPEd as

necessary r .synchroni zat.i on. |s al so. PO, d ik eatd L Loppare
t he APT§“§hd’Vﬁ¥él ?uﬁ?n%§ﬁF%%%? n§?%6%r6%ﬁ%§%ﬁ%n referenced to either

t he APTgéNdé&§§ay@aU§exE@gardIess of which nmethod is used for AV

synchroni zat i on COQ;rgéér22¥§gggronlzatlon control it is necessary to

5 know when both the audio and video output have switched from
VOB #1 to VOB #2. The moment when the audio output changes to
VOB #2 can be known by detecting the point H at which the APTS
value stops increasing. Likewise, the moment when the video
output changes to VOB #2 can be known by detecting the point

10 I at which the VPTS value stops increasing. After both points
H and I have appeared, the synchronization.mode is immediately
set ON at time Ti.

The timing at which the synchronization mode is set
OFF can also be delayed to a time between time Tg and time Ti,

15 rather than at time Tg when an SCR change is detected. By
setting the synchronization mode OFF at time Th, i.e., the
time at which a change in APTS or VPTS is detected, between
Tg and Ti, the duration of the OFF synchronization mode can
be shortened.

20 However, when the timing is based on detecting
whether both APTS and VPTS values continue increasing, it is
clear that both APTS and.VPTS values must decrease when VOB
are connected. In other words, the last APTS and VPTS values
in a VOB must be greater than the maximum initial APTS and

25 VPTS wvalues in a VOB.




15 the sane effects can be obtained. Furthernore, while the above

enbodi nents have been described using an initial VOB SCR value of 0, a

val ue other than 0 can be used and the sanme control achieved by adding the
first SCR value as an offset value to the APTS and VPTS 20 values. It is
al so possible in the second enbodi nent above to read the STC discontinuity
flag STCDCF_reg, which specifies whether the next cell reproduced needs
the STCto be reset. |If the register reads STC NRESET, the synchronization
node is -200- constantly ON;, if STC RESET is stored, ON OFF synchronization
node control can be applied. It is_thus possible to decode the data
transferred to the stream buffef 13400 while synchroni zi ng the operation 5
of the various decoders. It is therefore possible by nmeans of the present

i nvention thus described to maintain synchronization between the audio and
vi deo data, and seanl essly connect and reproduce two VOB during
reproduction froma nmulti-scene period even 10 when there is no continuity
bet ween t he systenTbkovkxiefwr dmds iaSCRBFRE pred eRTEE! oATESMETET affp” PTS

val ues used for sygc?noghzggi%g Sga%rol of the VOB to be contiguously

r epr oducE “FRdBEEr FaF 1RSI FEabi Tty 15 As is apparent froma method and an
appar at us The initial APTS and VPTS values are the sums of the

video data and audio data storage times in the video and audio

5 buffers, and the video reordering time (in MPEG video, the
picture decode order and presentation order are not
necessarily the same, and presentation is delayed a maximum
one picture from the decoder). Therefore, the sum of the time
required for the video buffer and audic buffer to £ill, and

10 the presentation delay (1 frame period) from video reoxdering,
determines the maximum initial wvalues for APTS and VPTS.

As a result, the last 2FTS and VPTS values in a VOB
are always assigned to exceed these maximum initial wvalues
when the VOB are produced.

15 While it is possible to control the timing at which
the synchronization mode is turned ON following VOB connection
by detecting whether both APTS and VPTS values continue
inereasing, it is also possible to achieve the same
synchronization control by detecting the time at which the

20 APTS value drops below an APTS threshold value, and the VPTS
value drops below an VPTS threshold value.

These APTS ana VvPTS threshold values can be
calculated by using values equal to the maximum initial APTS
and VPTS values of the VOB as the threshold values, and

25 calculating them as described above.




according to the present invention for interleaving a bitstreamto record
the interleaved bitstreamto a recording nedium and reproduce the recorded
bitstreamtherefromis suitable for the application of an authoring system
whi ch can 20 generate a newtitle by editing a title constructed by
bitstreans carrying various information in accordance with the wuser's
request, and is also suitable for a Digital Video Disk System or DVD

Syst em bei ng devel oped recently.

- 198 -

By applying ON/OFF synchronizaticon mode control as
described above, seamless repreducticn that does not disturb
the playback condition can be achieved in VOB connections.

Note that varicus methods can be used in the

5 reproduction apparatus for audio and video synchronization
control in the second embodiment described above. The most
common of these methods (1) is to reset the system clock STC
to the APTS value every few seconds, determine whether the
VPTS value is fast or slow referenced to the system clock STC,

10 and freeze or skip video output as necessary. This is the so-
called Audio Master method described above.

Alternatively, it is also poésible (2) to reset the
system clock STC to the VPTS value every few secends,
determine whether the APTS value is fast or slow referenced

15 to the system clock STC, and freeze or skip audio output as
necessary. This is the so-called Video Master method described
above .

Another method (3) is to directly compare the APTS
and VPTS values, and use either the APTS or VPTS value for

20 reference.

Regardless of ‘which. method is used for ON/OFF
synchronization mode control, however, the same effect can be
achieved.

As described above, two methods are used for audio-

25 video synchronization according to the present embodiment,




10

15

20
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Audio Master and Video Master synchronization control. For
Audio Master synchronization control the system clock STC is
periodically reset to the APTS value, whether the VPTS value
is earlier or later is determined referenced to the reset
system clock STC, and the wideo presentation is frozen or
skipped as necessary for synchronization. For Video Master
synchronization control the system clock STC is periodically
reset to the VPTS value, whether the APTS value is earlier or
later is determined referenced to the reset system clock STC,
and the audio presentation is paused or skipped as necessary
for synchronization. It is alsoc possible to directly compare
the APTS. and VPTS values, and control synchroﬁization
referenced . to either the APTS or VPTS value. Regardless of
which method is used for AV synchronization contreol, however,
the same effects can be obtained.

Furthermore, while the above embodiments have been
described using an initial VOB SCR wvalue of 0, a value other
than 0 can be used and the same control achiéved by adding the
first SCR value as an offset value to the APTS and VPTS
values. |

It is also possible in the second embodiment above
to read the STC discontinuity flag STCDCF_reg, which specifies
whether the next cell reproduced needs the STC to be reset.

If the register reads STC_NRESET, the synchronization mode is




10

20

- 200 -

constantly ON; if STC_RESET is stored, ON/OFF synchronization
mode control can be applied.

It is thus possible to decode the data transferred
to the stream buffer 2400 while synchronizing the operation
of the various decoders.

It is therefore possible by means of the present
invention thus described to maintain synchronization between
the audic and video data, and seamlessly connect and reproduce
twe VOB during reproduction from a multi-scene pexriod even
when there is no continuity between the systeh clock reference
SCR and presentation time stamp PTS values used for
synchronization contxrol of -the VOB to be contiguously

reproduced.

Industrial Applicability

As is apparent from a method and an apparatus
according to the present invention for intexleaving 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.




