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to generate a bitstreamfromwhich a newtitle containing the conten
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reproduci ng said generated bitstreamusing a particular recoerwmmwmmmmwmm
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Technical Field

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

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

generated bitstream using a particular recording medium.

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

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



designed with an approxi mately 600 MB recordi ng capacity for storing
digital audio data only, by using such high efficiency vi@gﬁog rq&@bon
techniques as MPEG. As a result of the increased effective recording
capacity achieved using 5 data conpression techni ques, karaoke titles and
ot her conventional |aser disk applications are gradually being transferred
to the video CD format. Users today expect both sophisticated title content
and high reproduction quality. To neet these expectations, 10 each title
must be conposed frombitstreans with an increasingly deep hierarchica
structure. The data size of nmultinedia titles witten wth bitstreans
havi ng such deep hierarchical structures, however, is ten or nore tines

greater th J t.a: .Sl : Xebht 48S i

smal | i rrag?g(%lihﬁée? v?ile%i S%é:g&%ﬁgg@?? ﬁggeggafﬁngdg? cgsga?r? C(;jt.rftrr ol
the bitstreamusing 4oy esfer ahiaepar aliteal dalyd, unbys. ukings thehef erign
necessary to devel op and prove a bitstream structure and an advanced
digital preeesisdiihdRtvictk @@ dnt ek Ieh beddhibgee di &g MPEG ! eHAEIglisLt
capabilities whereby a |arge volume, nultiple Ievel hierarchical digital

bi t stream o the difdraiaandd \effadtéé eckadr@iny tepetitly abbikvedanshing

Al so needed are an apparatus for executing this digital processing nethod,
and 5a recodditey rutipress idin chteobn2gupist st keaaakei thltyepr oesdsedtbersai d
apparatus can be 14 Novenber 2002 -3 efficiently recorded for storage and
f r om whi ch comventdagialed 1psear ndi £5n arPl bea UPER| BT ped@deed 1 e kad nef

i ncreasing the storage capacity, of conventi onal optical disks have been

wi del y r es&XRAFERRTES WRIFFRR VAR r €Rof8FRG T medi um aspect of this probl em
One way to increase the storage capacjt f the optica isk_ Ls to_reduce
the spot diameter D UTThe D %’C%S??gs%‘?%‘b%%ﬁn’l%l?ﬁge%agéf:gﬁg?ﬁng?n he

| aser beam._i and ans f_the. objectli i : spot
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ef fligci ent |y lgpr qugd by Heck eash ngcémgageancn:%sd NG WAt A5 fle S Ch L PR, afior
exanple, in United States Patent 5,235,581, however, coma caused by a

rel ative tiihicreeissern i s ki srifagecandsthacentiecal md saotatHezbaser
beam 15 (hereafter "tilt") increases when a |arge aperture (high NA) |ens
is used. Tauprdvmaiad ititliesluvedteens witie bitespaanat havisiy atwchudeepe
made very thin. The problemis that the mechanical strength of the disk is
| ow when t hé einaanmdyiaednt stofvstiuates i s hoargrarhi n 120 tRREGRY t hereontemesonal
met hod of recording and reproducing video, audio, and graphic signal data,
has al so be&gates gfé"@d! e e tforsd 2ot e ECoRRI e 1 vhesh cBhetRefdf er

| arge data volunmes at a higher rate. It shoyld be noted that the
coﬂgr essi ofOmECHGd SRt AR T r Het tH%) t AR5 1RPRES O MANRT &t i H$ eSS RBwhat

fromthose of MPEGL. The 14 venber,_.2002 .-4 specific_content of and

differ ence§°be?ﬁ€€ﬁsﬁPEéfdan&°$%§G§bart ede%c?‘rtl tergeal]?l dE Y | c"t’heorge‘r

| SO 11172 F;Egrla%gpﬁ%%?d\fﬁc;\ﬁia{?ar ds, and further description thereof is
e, Jha

onmtted bel'0wW oWwever , “while the structure of the 5 encoded

video streamis defined;inche MRS shecsdl £t kN .adhieLdp CRARCRIAle a

structure of the system stream and the nethod of processing |ower

hi er ar chi cali tley@latn aeeubelLirdebhnesn. advaiesgrd etk @abProcédsisgthetedar e
not possible in 10 a conventional authoring systemto process a |arge data
st e@am contiaicniuad nguf dotirentreddd img | canfio seprsfincidmn didapaneil i tises
requi renents. Mreover even if such a processing nethod were avail able, the
processed whezebgcar deddeherctiumeamolt beleepereddhyersedhticaledlios tal a
redundancy 15 because there is no | arge capacity recordi ng mediumcurrently
avai | abl e bhsstrsamerrinc benefy icdestd Yarentgmldgit @athigparivolensl m f stheans
such as descri bed above. Mre specifically, particular significant hayrdware
and sof t wahderagGe me LS mnGedRd 3% ¢ s} @PPATBFHEr 108 SFeWdds Hhis

bltstreanlgibq%aﬁ g%ggeggﬁkgsggkhg&,tggg ghgeéégéghg media to which the

25 bitstream digitally processed by said apparatus can be



These specific hardware requirenents include significantly increasing the
storage capacity of the recording nedium and increasing t speed
di gital processing; software requirenents include inventiﬂgNgﬁﬂgﬂvgﬁ@gd
digital processing 25 nmethod including a sophisticated data structure. 14
Novenber 2002 -5 Therefore, the objeBt- of the present invention is to
provide an effective authoring systemfor controlling a nmultinedia data
bitstream wi th advanced hardware and software requirenents using a data
unit smaller than the title to 5 better address advanced user requirenents.
To share data between plural titles and thereby efficiently utilize optical
di sk capacity, nulti-scene control whereby scene data comon to plural
titl es~andekhe cdesitn9draeertePRorngroadl e aie- Pasa Whoehwsk han gubtizgcene
10 periods containing plural scenes unique to particular reproduction paths
can be freghyogahedoad cand vepfotkticpd repdeducell.e. However, when plural
scenes unique to a reproduction path within the nulti-scene period are
arranged on the san®eEnsg i nefbasacrieas isgenetliat astoshgee cadagitops. of
Unsel ected multi-scene data is therefore unavoi dably inserted between the
sel ect ed coanuantdene ldapt bealt ddsks draed ipglen -widaldy daeseatimhes obbem
this creates when reproducing nulti-scene data is that reproduction is
i nt &r r upt edd8yeERi ShansereEfengonediunc28Rest PhetBhFeRrodfemhe PRresedy
invention is therefore to provide a data, trgﬁéure enggLin di,screte scene
h Tt ef
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and reproducl ng sai ystem stream and a nmediumto sa

stream cangRe-£epleduged sand 4 r ofd Whi hepai dry/Stpp St rgaahedBrbep is
reproduced by said 5 recordi ng apparatus and reproducti on apparatus. A

futpher prebbssreasnle expect goa yheind hechell tdisedge dadapd &i#pl tdarandee
scene data, i.e., scene data show ng substantially the sanme subject from

di fferent efifjfiesenthyt hnpeasedobya ddcreaspiord sl amddibasteashhg NaLti - angl e
10 scene data may be obtained by recording a baseball batter, for exanple,
Wi th caneras in difAerdesdrddesd orfier Braqpbel ebni Ynited Shatesh@atend user
sel ects one of these plural angle scenes during data presentation, data
from di f f e? e335 el esPPYEYEAne QTR VR ELE hBYafy % kHahvR st idkd betysen

t |, m tati t be . ted. Th th bij t of
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apparatus Tor recordi ng and reproducing said system sfream an umto
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can be reproduced by said recordi ng apparatus 25 and reproduction

appar at us.mechanical strength of the disk is low when the transparent
substrate is very thin.

20 MPEG1l, the conventional method of recording and
reproducing video, audio, and graphic signal data, has also
been replaced by the more 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

25 MPEG2 standard differ somewhat from those of MPEG1. The



14 Novenber 2002 The present application is based upon Japanese Pat ent

Application No. 7-252734, which was filed on Septenber 1 ﬁ?§§ﬂbégfw5nt're
contents of which are expressly incorporated by reference ?1 T

Di scl osure of Invention In order to achieve the aforenentioned objective,
an interleaving nethod for generating -a bitstreamfrom plural video objects
cont ai ni ng conpressed video data by arranging in the presentation order,
wherein interl eaved data bl ocks in 10 which plural video objects are
contiguously arrayed using interleaved units each |onger than the shortest
read tinme | LVUMI such that the video object presentation start and end
points are aligned, the ratio between the presentation tinmes of video obj

ects with E?%ci'ﬂ'&t U S et alhANat PR randed dRRvidePhieets hlenpEhan

those with e shortest presentation tine is within a range obtai ned from

the shortegter aadctiifed LMIMetdihe FAXkReMISOMahl7Z dixd anse-I341andpEbe
smal | est control unit VOBU, and contiguous data bl ocks wherein the

present at i gagtatrtispoamnds fard e qexcr iptofon eherelef DH| ewistadrbgbdw20
therein are not aligned. 14 Novenber 2002 g_Brief Description of
Drawings Fig. 1 is &aephhsoiearmt, cahlar s‘hb\ivitﬁg thet mictugtixd  ofl t theedi a
bit streamaccording to the present invention, Fig. 2 is a block diagram
shofi ng anengpBedi Ngdemc sdereart cb? diefinedt ha 6@@3 EGh\apRsbhicFriona is
a bl ock diagram show ng, an_aut hori ng decoder according tqo the present

i nvention,t PghMPF%F%héFGE\ﬁ¥NV%#u§ﬁ(ﬂﬁlEQF(ﬁ%ﬁ hoStRfad erd e

media bit streag1 Iﬁ&oce551ng lower hierarchical 1levels 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 regquirements. Moreover, even if such a
processing method were available, the processed data recorded
thereto cannot be repeatedly used to reduce data redundancy
15 because there is no large capacity recording medium currentlf
available that can efficiently record and reproduce high
volume bitstreams such as described above.
More specifically, particular significant hardware
and software requirements must be satisfied in order to
20 process a bitstream using a data unit smaller than the title.
These specific hardware requirements include significantly
increasing the storage capacity of the recording medium and
increasing the speed of digital processing; software
requirements include inventing an advanced digital processing

25 method including a sophisticated data structure.



Fig. 5is an enlarged view show ng a portion confined by a circle of Fig.
4, Fig. 6 is an enlarged view showi ng a portion confined a circl f
Fig. 5, 15 Fig. 7 is a side view showi ng a variation of tﬁ%NEXﬁWQQQQ%Bﬁsk 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 showng one exanple of 20 track path
formed on the recording surface of the optical disk of Fig. 4, 14
Novenber 2002 -9 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, Fig. 11
I's a diagonal view schematically showing 5 one exanple of a track path
pattern fornmed on the optical disk of Fig. 7, Fig. 12 is a plan view
showi ng anot her exanple of_ track_ path, forped t he_recording_surface of
the optical disk of F&Fe#rfo FFS 383PET, Of o %aPr‘%F%R/‘qs&ﬁéfﬁé’ﬁl&él 135
showi ng one_exanpl e .of _a track path for l.cal, .di_ sk of
Fig. 8, Fi 3".0 llaggglgepﬁé’n %%gh (\?I'\A: §§%g§%EH§ %rrp. ekgf fggégfo&z}tlﬁ'gf ot med
on the 1 eCQii) i SYI L a6ee 81 1416 POLA G et bl iic b ilfbiudre Rt b i

graph show ng e audi 0 waves
requirements using a data unit smaller than the title to

5 better address advanced user regquirements.

To share data between plural titles and thereby
efficiently wutilize optical disk capacity, multi-scene
control whereby scene data common to plural titles -and the
desired scenes on the same time-base from within multi-scene

10 periods containing plural scenes unique to particular
reproduction paths can be freely selected and reproduced is
desirable.

However, when plural scenes unique to a reproduction
path within the multi—;cene period are arranged on the same

15 time-base, the scene data must be contiguous. Unselected
multi-scene data is therefore unavoidably inserted between
the selected common scene data and the selected multi-scene
data. The problem this creates when reproducing multi-scene
data is that reproduction is interrupted by this unselected

20 scene data.

The object of the present invention is therefore to
provide a data structure enabling discrete scene data to be
seamlessly reproduced, i.e., without intermittence in the
data presentation, even when reproducing such multi-scene

25 data; a method for generating a system stream having said



resulting fromthe audio data recorded to the nulti-angle data within

mul ti-angle scene period, Fig. 16 is a graph schematicall | 20
structure of nmultinmedia bit streamfor use in Digital Vidﬁ%ﬁgﬁﬁbagﬁ@ gm

according to the present invention, Fig. 17 is a graph schematically
showi ng the encoded vi deo stream accgr.ding to the present invention, Fig.
18 is a graph schematically showing an 25 internal structure of a video
zone of Fig. 16. 14 Novenber 2002 - 10 Fig. 19 is a graph schematically
show ng the stream managenent information according to the present

i nvention, Fig. 20 is a graph schematically showing the 5 structure the
navi gation pack NV of Fig. 17, Fig. 21 is a graph is assistance of

expl ai ni ng o] f_.parent I tr accordi :

pr esent insgﬁ ig%€9%$89#§2 ?g_ggaéggﬁngé%é%%%#ggﬁijgh%mﬁhgfghggggggagg
structure H%?Qrb@u%_ Ho L PBRy dsk S¥sEEALRAGHY dHdX toé@@mDE‘E?@Q%n;

i nventi on, g. 23 is a graph in assistance of explaining a concept o

Mul ti-angl ng§Canene&iiin Oto AGEOEHI BE 100 iyt difi e5ePbainn\CRIH 1198, rdprbidcedd i S

a graph in assistance of explaining a concept of nulti scene data
connect i onanffi froabwhich Haick slisaggmns sheaimngaa bBéD ranmosthiced coy dsagdt o
the present invention,

recording apparatus and reproduction apparatus.

A further problem can be expected when the multi-~
scene data is multi-angle scene data, i.e., scene data
showing substantially the same subject from different angles.
In the case of a live sports broadcast, this multi-angle

10 scene data may be obtained by recording a baseball batter,
for example, with cameras in different locations. The
problem is thus that when the user selects one of these
plural angle scenes during data presentation, data from
different angles is connected where the angle changes, and a

15 natural, seamless presentation cannot be expected.

Therefore, the object of the present inventiocn is
to provide a data structure whereby natural, seamless
reproduction without scene data intermitting can be achieved
even in such multi-angle scene periods; a method for

20 generating a system stream having said data structure; a
recording apparatus and a reproduction apparatus for
recording and reproducing said system stream; and a medium to
which said system stream can be recorded and from which said

system stream can be reproduced by said recording apparatus

25 and reproduction apparatus.



Fig. 26 is a block diagram showi ng a DVD decoder 20 according to the
present invention, Fig. 27 is a graph schematically shomﬁqggﬁn egcqgjag

i nformation table generated by the encodi ng system control VeInogt 40225
Fig. 28 is a graph schematically showi ng an 25 encoding information tabl es,
14 Novenber 2002 -11 Fig. 29 is a graptr schematical ly showi ng an encodi ng
paraneters used by the video encoder of Fig. 25, Fig. 30 is a graph
schematical ly showi ng an exanple of the contents of the program chain
information 5 according to the present invention, Fig. 31 is a graph
schematical |l y showi ng anot her exanple of the contents of the program chain
informati on according to the present invention, Fig. 32 is a graph
schematical | y showi ndi'tze 1(pred et oregip ol dattimsen itshebasednmibipered Tmpanese
quantity in the stream buffer and the operati ng node of the reading head of
Fig. 26, FPgte3® iPord igatplon Nassisiaitd4 of Widgh 3 gl ted e §rpignber
sharing data between plural titles, 15 Fig. 34 is a_graph in assistance of
expl ai ni ng28coddSf: ofth@nt tRLSES r EPRERIESI oRffof VR oMEyuRIRBLSSLY

arranged data bl ock, Fig. 35 iLs a graph_in_assistance of explaining a
concept oflPﬁﬁéﬂQﬁiﬁ%ﬂf&%oﬁﬁggrﬁﬁgﬁl fi§®3&anm ess 20 reproduction of
scenes,
5 Disclosure of Invention
In order to achieve the aforementioned objective,
an interleaving method for generating a bitstream from plural
video objects containing compressed video data by arranging
in the presentation order, wherein interleaved data blocks in
10 which plural video objects are contiguously arrayed using
interleaved units each longer than the shortest read time
ILVUMT such that the video object presentation start and end
points are aligned, the ratio between the presentation times
of video objects with the shortest presentation time and video
15 objects other than those with the shortest presentation time

is within a range obtained from the shortest read time ILVUMT,
the maximum jumpable distance JM, and the smallest control
unit VOBU, and contiguous data blocks wherein the presentation
start points and end points of the video objects arrayed

20 therein are not aligned.



Fig. 36 is a graph also in assistance of explaining a concept of

i nterl eaving process enabling seanl ess reproduction of sc FlLg. is a
graph schematically showi ng an 25 actual arrangenent of di?ggg?@héh?dga

recorded to a data 14 Novenber 2002 -12 recording track on a recording
medi um according to the present invenfion, Fig. 38 is a graph schematically
showi ng conti guous bl ock regions and interl eaved bl ock regions 5 array,

Fig. 39 is a graph schematically showing a content of a VIS title VOBS
according to the present invention, Fig. 40 is a graph schematically
showi ng an 10 internal data structure of the interleaved bl ock regions
according to the present invention, Fig. 41 is a graph in assistance of

explainingsgigggﬁégerEEQ?éi@fubg ~A%§nnun1nunber of divisions in VOB for

i nterl eaving a graph schematically showi ng the data
structure of the intgg%gageqsu@tgrgggyséﬁ%ﬁgtgcgigghshgw§§ i gtance of
0

expl ai ning a concept of parental “control according the present

invention,sZPudt@reddsi fudtdr apld i) WSS St0der atce¥aiagniadtieconcept of
mul ti-angl e scene control according to the present in invention, Fig. 45 is

a graph i nppesént abgeentiexpl ai ning the nmulti-angle scene control when two
mul ti-angle data 25 having different audi o data,
5 Fig. 2 is a block diagram showing an authoring
encoder according to the present invention,
Fig. 3 is a block diagram showing an authoring
decoder according to the present invention,
Fig. 4 is a side view of an optical disk storing
10 the multi media bit stream of Fig. 1,
Fig. 5 is an enlarged view showing a portion
confined by a circle of Fig. 4,
Fig. 6 is an enlarged view showing a portion
confined by a circle of Fig. 5,
15 Fig. 7 is a side view showing a variation of the
optical disk of Fig. 4,
Fig. 8 is a side view showing ancther variation
of the optical disk of Fig. 4,
Fig. 9 is a plan view showing one example of

20 track path formed on the recording surface of the optical

disk of Fig. 4,



14 Novenber 2002 -13 Fig. 46 is a graph schematically show ng plural angle

data witten to nmulti-angle scene period according to th 1
invention, Fig. 47 is a graph showi ng the strean1containﬁﬁg«§é§ﬂ%% ?Q%angle

scene period and the basics of the on-disk |ayout according to the present
invention, Fig. 48 is a graph shomﬁgg_an exanpl e in which the | ast pack
address in the current A-1LVU and thé address of the next A-1LVU are
recorded for plural angles according 10 to the present invention, Figs. 49
and 50 are graphs in assistance of explaining the nethod of nmanagi ng
addresses on the switching unit |evel between nultiple angle data in

mul ti-angl e scene periods according to the present 15 invention, Fig. 51 is

a flowchart, forned_by Figs. 51A and 51B, show.ng an operation of the DVD
encoder of Fig. 25, %?é? %g rs & Pﬁ&% YHEM: SDRSATR) HRPERPREITPAE Bficode

par amet er prodyct.i sub-routine of Fig, %1. 20 Eig. 53 is.a flow chart
Showi ng. t hE=GETa A rOTHEE\OR AT o SEPFRRGST SUETRS DR E SBAFAL 54 i s
a fl ow chapt, 'Qg fhe encode paraneters generating operation for a

seani ess s%é?%ﬂ?ﬁ%, [o) 455 is a flow chart showi ng the encode 2~

par aneters generating §pei at i 8Naf @k agoR¥st @Fes: 'RAMBmat ik MY P& 1 2002

5 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 of Fig. 7,

10 Fig. 13 is a diagonal view schematically showing
one example of a track path pattern formed on the optical
disk of Fig. 8,

Fig. 14 is a plan view showing another example of
track path formed on the recording surface of the optical

15 disk of Fig. 8,

Fig. 15 is a graph showing the audio waves
resulting from the audio data recorded to the multi-angle
data within multi-angle scene period,

Fig. 16 is a graph schematically showing the

20 structure of multimedia bit stream for use in Digital Video
Disk system according to the present invention,

Fig. 17 is a graph schematically showing the
encoded video stream according to the present invention,

Fig. 18 is a graph schematically showing an

25 internal structure of a video zone of Fig. 16.



-14 Fig. 56 is a flow chart showi ng the operation of the DVD encoder of

Fig. 26, Fig. 57 is a flow chart show ng details of the anaql
non- seam ess switching control routine of Fig. 5 56, Fig. 43 Yeénrl%rﬁp%v

chart showi ng details of the nmulti-angle seam ess switching control routine
of Fig. 56, Fig. 59 is a flow chart showi ng details of the parental |ock
sub-routine of Fig. 56, 10 Fig. 60 i-s]a-flow chart show ng details of the
singl e scene subroutine of Fig. 56, Fig. 51 is a flow chart show ng the
encode paraneters generating operation for a system stream containing a
single .scene, 15 Figs. 62 and 63 are graphs show ng decodi ng i nformation
tabl e produced by the decoding systemcontroller of Fig. 26, Fig. 64 is a
fl ow chart showi ng details of reproduction extracted PGC routing of Fig.

69, 20 Fig. 65 is a fgQy Ci‘@rissgogtaﬁhdgbﬁ'eh@tqfcaflqi]r By FHLLI -angl e
decodi ng process of Fig. 70, Fig 6 I's a block diagram show ng details of
the stream gukbem fanbigemefs infldriovesheacd09ding5thbi ghebpricseant | ow

chart show ng details of decoding data process of Fig. 64, perforned by the
stream buf f g¢avent ishown,

Fig. 20 is a graph schematically showing the

5 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
present invention,

Fig. 22 is a graph schematically-showing the data

10 structure used in a digital video disk system according to
the present invention,

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

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

Fig. 25 is a block diagram showing a DVD encoder
according to the present invention,

Fig. 26 is a block diagram showing a DVD decoder

20 according to the present invention,

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

25 encoding information tables,



Fig. 68 is a flow chart showing details of the 5 decoder synchronization

process of Fig. 67, Fig. 69 is a flow chart showing the o i he
DVD decoder DCD of Fig. 26, Fig. 70 is a flow chat shomﬁth@§$%ﬁ#§%§9£the

stream buffer data transfer process according to the 10 present invention,
Fig. 71 is a flow chart showi ng details of the non nulti-angle decoding
process of Fig. 70, Fig. 72 is a fkdW-chart showi ng details of the

non-nul ti-angled interl eave process of Fig. 71, 15 Fig. 73 is a flow chart
showi ng details of the non-nulti-angled contiguous block process, Fig. 74
is a flow chart showi ng details of the non-nulti-angle decodi ng process of
Fig. 70, Fig. 75 is a flow chart show ng details of the 20 seanl ess

mul ti-angl e decodi ng process of Fig. 70, Figs. 76 and 77 are graphs in
assi stance of expl aiFiig\g 3deisvd tghaply behenarisednsy anphenhgvddin a

mul ti-angle scene period, Fig. 78 is a graph in assistance of explaining a
25 met hod émtoathyepargneterdatsest mictthe vhdan encbilgr 46, Figld 2¥venber
2002 - 16 Fig. 79 is a graph in assistance of explaining a nmethod for
actual ly setting th&igudid® da @& espnt achenatised 1yn shieerigignldrest angl e
switching unit level to the sane value in different angles, and 5 Fig. 80
is a grapexampiej efatbe epnéepits mfhdhe program chain information

5 according to the present invention,

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

Fig. 32 is a graph schematically showing a

10 relationship between the accumulated data quantity in the
stream buffer and the operating mode of the reading head of
Fig. 26,

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

15 Fig. 34 is a graph in assistance of explaining a
concept of contiguous reproduction of non-contiguously
arranged data block,

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

20 reproduction of scenes,

Fig. 36 is a graph also in assistance of
explaining a concept of interleaving process enabling
seamless reproduction of scenes,

Fig. 37 is a graph schematically showing an

25 actual arrangement of data blocks recorded to a data



the multi-angle scene period data structure in which common audio data is

witten to each different angle according to the present j nti.on. st
Mode for Carrying Qut the Invention 10 The prevent inventrgﬁg‘%hﬁgégﬁﬁedly

described with reference to the acconpanying drawi ngs. Data structure of
the authorincr system The logic structure of the nultinmedia data bitstream
processed using the recordi ng apparat-ukd -15 recordi ng nedi um reproduction
apparatus, and authoring systemaccording to the present invention is
described first belowwth reference to Fig. 1. In this structure, one
title refers to the conbination of video and audi o data expressing program
20 content recognized by a user for education, entertainnment, or other
pur pose. Referenced to a notion picture (novie), one title may correspond
to the conteflecoirdameetiiack nmyi®, rocotdingsmeddans ersn iy ntsatise novi e.
14 Novenber 2002 -17 A video title set (VIS) conprises the bitstreamdata
cont ai ni ng t peeisendr et fam, a specific nunber of titles. Mre
specifically, each VTS conprises the video, audio, and other reproduction
data representing the Bight eh® BEsof guehht schematidad Isetshewmingontrol dat a
for controlling the content data., The videp zone VZ is the_video data unit
processed byCPREIFVONGT BIPIy St O RRBnpRESEL g Vefe HlooKs BagisEts of
video_title sets. Mire specifically, each video

5 array,

Fig. 39 is a graph schematically showing a
content of a VTS title VOBS according to the present
invention,

Fig. 40 is a graph schematically showing an

10 internal data structure of the interleaved block regions
according to the present invention,

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

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

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

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

Fig. 45 is a graph in assistance of explaining

the multi-angle scene control when two multi-angle data

25 having different audio data,



10 zone is a linear sequence of K+ 1 video title sets nunbered VIS #0 -
VTS #K where K is an integer value of zero or greater. Cnﬁ Nbdeo tk%}g set,
preferably the first video title set VIS #0. is used as t % Y%BB@' H ger
describing the content information of the titles contained 15 in each video
title set. The nultinedia bitstream MBS is the |argest control unit of the
mul ti nedi a data bitstrearn handl ed b33 t he aut horing system of the present

i nvention, and conprises plural video zones VZ. 20 Authoring encoder EC A
preferred enbodi nent of the authoring encoder EC according to the present
invention for generating a new nultinedia bitstream MBS by re-encoding the
original nultinedia bitstream MBS according to the scenario desired 25 by
the user is shown in Fig. 2. Note that the original 14 Novenber 2002 - 18
mul ti medi a bitstrearfiMBS £®npsi segraphi dehestartdaralXy slosw Andi pYutlg vi deo
information, a sub-picture stream St3 containing caption text and ot her
auxi |l i ary angée dater nvatiitdien divl mbkt huanglet segmeSrerdom® @igtandineg tadi o
5 information. The video and audio streans are the bitstreans containing
the vi deo Bhe RUGSENHASMEDRGIAM obt ai ned fromthe source within a

particular period of_time._ The sub-picture streamis a bitstream containing
monent ary 10 vi deo iF¥#%r el i oh 3 eFETERt SEBYWANFalttitc AtFeat st aheing
subzpi cture daigﬁenco ed to a siqﬂte scene_nay

236 spl o5 CUAL B FRAGSS Ry TRo RS H0D FRRYPRSEEE BruEhS Sovibene may
obt ai ned 1VRe el ARl £ S AR chPeRhisnsl ghai e are supplied in
real -time froma vigeq caneras of @f%@ﬁ £ABYL g ggu%g&&ngyréeg_rg R&, timedi a
source data is reproduced froma Vvideo tape of other récording nmedium the
audi o and whélepastgpaky asareels riealtid st anel 5-120uVnke thie Jdddg®edi a
source streamis shown in
of the next A-ILVU are recorded for plural angles according
10 to the present invention,
Figs. 49 and 50 are graphs in assistance of
explaining the method of managing addresses on the
switching unit level between multiple angle data in
multi-angle scene periods according to the present
15 invention,
Fig. 51 is a flow chart, formed by Figs. 51A and
51B, showing an operation of the DVD encoder of Fig. 25,
Fig. 52 is a flow chart showing detailed of the
encode parameter production sub-routine of Fig. 51,
20 Fig. 53 is a flow chart showing the detailed of
the VOB data setting routine of Fig. 52,
| Fig. 54 is a flow chart showing the encode
parameters generating operation for a seamless switching,

Fig. 55 is a flow chart showing the encode

25 parameters generating operation for a system stream,



Fig. 2 as conprising these three source signals, this is for conveni ence
only, and it should be noted that the nultinedia source si%ﬁan1 éﬁa taln
nore than three types of source signals, and may contain PYEMaEt or
different titles. Miultinmedia source data wi th audi o, 14 Novenber 2002 -19
vi deo, and sub-picture data for plural titles are referred to bel ow as
multi-title streams. As shown in Figl4 2, the authoring encoder EC conprises
a scenario editor 100, encoding systemcontroller 5 200, video encoder 300,
vi deo 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 formatter 1300, recorder 1200, and recording nediumM 10 The vi deo
zone formatter 1300 conprises video object (VOB) buffer 1000, formatter
1100, and vol une a”d%%j'esétEECEUE§0§OHW@HﬁNSH6%EhgT@ﬁebbbé&é%%@hﬁQﬁPded
by the authoring encoder EC of the present enbodi nent is recorded by way of
exanpl e 15+@Rl v edecddr & Eigk. zahe scenari o editor 100 of the
aut horing encoder EC outputs the scenario data, i.e., the user-defined
editing |nstructlonSFldTEEECEsaalﬁldatEMWmursﬁqwimﬁtde@pihs oﬁrthspondlng
parts of the nmultinedia bitstream MBS 20 according to the user's
mani pul at i onléi-Eng e deo-srAmpres useltahdnaudicnteeiparmt snefof hEig.
original multinedia title. This scenario editor 100 preferably conprises a
di spl ay, sﬁéaker(s) keyboard, CPU, and source stream buffer. The scenario
editor 100 is connected to apn 14_Nove 2002 - 20 ext ey nal nultlnedla
bi t stream source frdimdwmih ’t‘ﬁearrﬁ?'??’nﬁ Ia?its é"%?atd:efsﬂ 1s 3, thRd st5
are supplied, _The u i s _thus able to.reproduce the deo u
conponent s™ BﬂtﬂﬁénﬁaﬁtFﬁ&ﬂ%f%ﬁnﬁ%ﬁF%ﬁ&%g usPR rp%erg éapgﬁﬂg ggker to
confirmthe content .of e t o edit

; Qf_é,‘ % %»é bﬁ!a LR WS descah{f% é‘)ﬁ E

the title content accé?dlng S|re scenarl using oard

mouse, and leﬁ&aqom&dshwo&w&eéfvmae ggnfirmng the content of the
title on the display and speakers. The 10 fesult of this nultinedia data

manigpul ation is the migpnagd oi glad af HHw. cRBetsedoaing daitaily 5 vRsically a
set of instructions describing what source data is selected fromall or a

subset of thagieuscendasakranttaine nof (Figals56itlies 15 within a defined time
period, and how the sel ected source data is reassenbl ed to reproduce the
scenari o (sequence) Higt.erfdedis$ya t ikowseharBasbowdmat e mstgade i ons

recei ved through the keyboard or other control device, the CPU codes the
posi tion, PargmRLesRdIeRerAdiing RPaYaHel PasEer pBsFYFERE S6TE6RM he edit ed
parts of the respective nultinedia source data streans Stl, St3, and St5 to
gener at e t RBNSBEAZPB02dSERIIE7 SCAW sour ce stream buf fer has a specific

capgeity, and is usgd to qefay,dng; LT JRALASS SHEGEndR R ISR
information table produced by the decoding system
controller of Fig. 26,
Fig. 64 is a flow chart showing details of
reproduction extracted PGC routing of Fig. 69,
20 Fig. 65 is a flow chart showing details of
non-seamless multi-angle decoding process of Fig. 70,
Fig. 66 is a block diagram showing details of

the stream buffer of Fig. 26,



14 Novenber 2002 -21 Stl, St3, and St5 a known tine Td and then out put

streans Stl, St3, and StS. This delay is required for syn oni zat i wth
the editor encodi ng process. Mire specifically, when dataﬁ€ﬁ8¥ﬁﬁﬁﬁrﬁéaand
user generation of scenario data St7 are executed sinultaneously, i.e.,

when encoding i medi ately follows editing, tine Td is required to determ ne
the content of the nmultinedia sourcelfata editing process based on the
scenario data St7 as will be described further 10 below. As a result, the
mul ti medi a source data nust be delayed by tine Td to synchronize the
editing process during the actual encoding operation. Because this del ay
time Td is limted to the tinme required to synchroni ze the operation of the
vari ous system conponents in the case of 15 sequential editing as described
above, the source strggm buf fiey 4 < Tww nehaytashoried BetadEans of a high
speed storage nedi um such as sem conductor nenory. During batch editing in
whi ch all rddodriatdy adsbar peodasa iof dnigpdeih atpenterpéfabghthecetadam af t er
20 scenario data St7 is generated for the conplete title, delay tine Td
must be | ofpEfenghis oslpewness the conplete title or longer. In this case,
the source stream buffer nay be a | ow speed, high capacity _storage nmedi um
such as video tape, Fagneffc i@ sk flsav shakhl spPekng detaideedfertiyno2 - 22
The structure (t pﬁ% of media used for the source stream buffer may :

t herkfore G§QRQ%% YRR 6FAERGN BTORESTe Iy §3%e &0/ required and the

[ bl facturj t., 5T di troll 200 i
connected o i he scohaft oCBdifoP TaS ARdPRne VAt T e REC AR AR & 7
t herefrom %aeseébﬁ)lqiné%ﬁ?énf {Tﬁégagg pgglét g(gn and length information of the

edi t segneﬁt contai ne e scenar at'a St7, the encoding system

control | er 200 generpi g yBe 110 ,e2qQ4 G, PATHB) Big SEELRE3sShE, B | and
St13 for encoding the &dit segnent of the nmultinmedia source data. The

encodi Nng sis@r@lam FuEr &t |dat@angrShkBegupployaldie sty stoisedef or Vi deo,
sub-picture, and audi o encodi ng, including the encoding start and end

tiniOng. Notperedeait Mrvdmeildm, 15 source data Stl, St3, and St5 are out put
after delay tine Td by the source stream buffer, and are therefore
synchroni zed to encoiiiqg par dseref lowgrhlar tStshowsing  deraliBs| 6f Wbee
specifically, encoding paraneter signal St9 20 is the video encoding signal
speci f yi ng e TR aNE 3¢ iecrdingi BEBC8EFe&h SHIt d Bxtract the encodi ng

ot g paramter gl T TE he R PR PO e 5 ELE TS o
ncodi ng par anet er a S e =i amt'&ncodi ng
signal used to erate the sub-picture odi-ng..uni t, by specifying the
encodi ng tPﬁqifﬁi%lfa3@ﬁﬁﬁvﬁﬁ%%$i%%gi ngggg%u ﬁp%&:j%;%ﬁrean18t3:

Enggdi ng paranmeter spgnal,$ti3 ESEEB\% @:ﬁ%;rg:i RRANY Hd s Us£deha

genérate the audi o encdding unit by speci ng the "encoding timng for

audi 0 st r e3unShR1 3 BR3Pk Pred e b dBs bB8ckebabicaashi p between the
encodi ng segnents of streans Stl,”St3, and St5 in the nultinedia source

data contained in scengrips dpéaa SkTowt bRaghcetichd riey et Lontsol tre 200
generates the timng~signals St2l, St23, and St25 arrangi ng the encoded 10
mul ti medi anencatad istaredra ideddikisgeacrbecedst offieFlhgse 70gl at i onshi p.
Fig. 75 is a flow chart showing details of the
20 seamless multi~angle decoding process of Fig. 70,
Figs. 76 and 77 are graphs in assistance of
explaining the switching between scene angles within a
multi-angle scene period,

Fig. 78 is a graph in assistance of explaining a

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



The encodi ng systemcontroller 200 al so generates the reproduction tine
information I T defining the reproduction tine of the titl ditin it
(video object,. 15 VOB), and the stream encodi ng data St 31% 'g% "?ﬁ“%&w%e
system encode paraneters for multiplexing the encoded nultinmedia stream
cont ai ni ng video, audio, and sub-pictyre data. Note that the reproduction
time information IT and strean1encodﬂﬁg data St33 are generated for the

vi deo obj ect VOB 20 of each title in one video zone VZ. The encodi ng system
controller 200 al so generates the title sequence control signal St39, which
declares the formatting paraneters for formatting the title editing units
VOB of each of the streans in a particular tinme-base 2% relationship as a
mul ti media bitstream Mre specifically, 14 Novenber 2002 -24 the title
sequence control sighay.S789iss augenly Yoassistanceonficexpdad igigveen t he
title editing units (VOB) of each title in the multinmedia bitstream MBS, or
to control asbdirncacoial kg EatEANgald® GR9¥° Rt nerepentavies) 5
interleaving the title editing units_ VOB qf plural reproduction paths. The
vi deo encodéfePT stherimrt bastoangd &s sHideeMe dm buf Fe¥e bt tPhEhgcenari o

editor 100 and to the eanqgﬁg s§%ten1 ontroller 200, and receives
t her ef r om ERECLY A B tFLAHTEET CaAl G0 BWcodi ng paraneter signal St9

resg§ctively. Encodipg?gﬁéang eéﬁgiﬁﬂ%iﬁij%ﬁ%{%éhﬁ%gfﬁfegﬁggégﬁéﬁbgnal St9

i ncl'ude the encodi ng an e en

condi ti ons ¢hQr phifig £ | §0:SERE paPdoNdatand bR tTRE TR Wi YR - cBRRShP! e

material 15 types 1 nclude NTSC or” PAL video signal, and tel ecine converted

nmaterial. Basd® atde &iweD:e8608bngapar aAleERreHtHg I hcddeavh§eto
encoder 300 encodes a specific part of the video stream Sti to generate the

encoded vi ¢pe MreramtStirbrer?Pidhe sub-picture encoder 500 is simlarly
connected to the source stream buffer of the scenario editor 100 and to the
encodi ng system control |l er 200, and receives therefromthe sub-picture
stream St3 and sub-picture encoding paraneter signal Stll, respectively. 25
Based on t Bes&ubosie tfigte GHIO PG %ﬁgaﬁﬁﬁelnyﬁgﬁéPnStll, 14 Novenber 2002

- 2 t he sub-picture encoder 500 encodes a specifjc(gfrt of the .
su ?bicture st ream S tRF YERRFat BVERE 18Mc dFe AR IR NI IEF PARA SVERR The

audi o encoder. 700 i s alﬁglconnected to thg ,
~ reéeference to e accompanylng drawings.

Data structure of the authoring system
The logic structure of the multimedia data
bitstream processed using the recording apparatus,
15 recording medium, reproduction apparatus, and authoring
system according to the present invention is described
first below with reference to Fig. 1.
In this structure, one title refers to the
combination of video and audio data expressing program
20 content recognized by a user for education, entertainment,
or other purpose. Referenced to a motion picture (movie),
one title may correspond to the content of an entire movie,

or to just one scene within said movie.



5 source stream buffer of the scenario editor 100 and to the encoding
systemcontroll er 200, and receives therefromthe audio sty

audi o encodi ng paraneter signal Stl3, which supplies theaéégyﬁﬁ%ﬁgﬁggt and
end timng. Based on the audi o encodi ng paraneter signal St13, the audio
encoder 10 700 encodes a specific part of the audio stream St5 to generate
the encoded audio stream St19. The villeo stream buffer 400 is connected to
t he video encoder 300 and to the encodi ng systemcontroller 200. The video
stream buffer 400 stores the encoded video 15 stream Stl S i nput fromthe

vi deo encoder 300, and outputs the stored encoded video stream Stl5 as the
ti me-del ayed encoded vi deo stream St 27 based on the timng signal St21
supplied fromthe encodi ng systemcontroller 200. The sub-picture stream
buf fer 600 is sinilad wilreonikteedeto (VAE)swonpiritagse e doerstffamnd to
t he encodi ng systemcontrol |l er 200. The sub-picture stream buffer 600
stores the dmtadegntabpning e sinktarnsiignofieput SPemithie supbsmiafl e
encoder 500, and then outputs the stored encoded sub-picture stream Stl7 as
ti me- del ayeeitled. No¥Merse SPRRIL Lot Bhc @R sUBSpFemBréses &am StiZedased

on the timng_ signal _St23 supplied, fromthe encodi ng system controller 200.
The audi o GIGier bAPfePtRES FERFANYEISR CORREFER LB RANTUARE SRESEITE 700

and to the encoding,5 st.tem.contrqll e 0 aydi t ream_buf f.er, 800
stores the %Iﬂc%%l%la Eﬁaﬁ Y & Sctelqjg’ igﬁbgutg??ggg}hggggd?8re588 &P17689 and
t hen out put e dio stream St19 as the tine-del ayed encoded
audi o stre&%?%p%%ﬁggggdggggfhe timng signal St25 supplied fromthe

encodi ng system cont plel /1 ddd 2Uhe TE s¥SERE 9HARECHaRR0 Yy tcoNnect ed to
the video stream buffer 400, sub-picture stream buffer 600, audio stream

buf f er 800 prs¥kdsed epgodhag astsicRDmepystdie) 208, cﬁ:ﬁﬁri§eée§p§gbi:!@i)é
suppl ~.ed thereby with the tine-delayed 15 encoded vi deo stream St 27,

ti me- del ayethngrmndefl sidepi title setmam MXe speeifietayed, eagoHedidudi o
stream St3l, and the stream encodi ng data St33. Note that the system
encHier 90Cane alsnatlphexsr sefaenad Olkexesl thided neitbe agetisst r eans

St27, St29, and St31 based on the 20 stream encoding data St33 (timng
signal ) to e YTE| £0eai VIhSg Alinvhem@od] 5t 30 IHeede¥ cvpdercedi ng dat a

St 33 contains the system encodi ng ranmeters, including the encoding start
and end ti ASHP %eglﬁ?ﬁ%%rzongnﬁo?’pﬁgleloer 19 st ePtH the BErSfstem

encoder 90%1 é%té¥% chgkngTéy%b?”k%°W£é§'é¥ éﬁg)video manager
describing the content information of the titles contained
15 in each video title set.

The multimedia bitstream MBS is the largest
control unit of the multimedia data bitstream handled by
the authoring system of the present invention, and
comprises plural video zones V2Z.

20 Authoring encoder EC

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

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



14 Novenber 2002 -27 fromwhich the title editing unit (VOB) St35 and title
sequence control signal St39 (timng signal) are respecti hed. The
title sequence control signal St39 contains the fornattigéq%¥gﬁ#@§%gﬁgnd
timng, and the 5 formatting paraneters used to generate (format) a
mul ti media bitstream MBS. The video zone formatter 1300 rearranges the
title editing units (VOB) St35 in end vi deo zone VZ in the scenario
sequence defined by the user based on the title sequence control signal
St39 to generate the 10 edited nultinedia streamdata St43. The nultinedi a
bitstream MBS St43 edited according to the-user-defined scenario is then
sent to the recorder 1200. The recorder 1200 processes the edited
multinedia streamdata St43 to the data stream St45 format 15 of the

recor di ng weOt el aapd telveareomscoier{ s svst edadat atbhenmtt 45 to the
recording nediumM Note that the nultinedia bitstream MBS recorded to the
recor di ng cedtaimbhgothai rddelee imffarmefidre, sarsgbupéctiEBe witiradan stlides

t he physical address of the data on the recording medi um 20 generated by
the vi deo gumeainingt captid®0 teddt @nchathere awsbiddrpuvideedi a bitstream
MBS St35 may be output directly to the decoder to imedi ately reproduce the
edited titirfeonathen, | and thep@ushA FRFeamtSEheContpining theediudio
bitgtrean1NBS wll not in this 25 case contain the volunme file structure
VFS: 14 M&FPRFL2B02 - 2$ Aut horing decoder DC A preferred enbodi ment of

the authoring decodgr DC.used to. decode the multinedia bitst MHS edi t ed
by the authoring encOfel ‘EECoRThE I 2t FTRENTT BnEhgn G S tHERRy

repr oduce t title jat i .NQ: .- def i ned
scenari o, %%%oagﬁ%lﬁ(geﬁﬁée‘zﬁsggl %\E/jvdvma%a lroe?' g%egnrgﬁe lo&gi %g@%&lﬁ tgrtoﬁ‘at in
the prefer LShiodi Sgr| shel 8y td #red] a0 bi t eam St 45
encoded byglf%e autﬂ%ﬁ%hgﬁcgdgrg%%&l&i%gg\rye?&%dlgja tdo theﬁeréco?téléng 10 nmedi um

M As showuptpfd€urs sth€aRUEBORI BA tEeeRAel JIRCOIMIng SfoReAtAELTdi @
bi t stream producer 2000, scenario selector 2100, decoding system controller

230D, st reamdunfifoZddOionyseiavdatoder a2 pddt iduder iddpe. 260Re 15
sub-picture buffer 2700, audi o buffer 2800, synchronizer 2900, video
decoder 38h-midtywretdata desodérd3t®0a sidigdedscmhey BR0Ke sgapheseder
3500, video data output termnal 3600, and audi o data output term nal 3700.
The .bi t st reniigteri o Zp0an@ ofpFridayed coaFAMRRSAY hm Ereveidapt 2004
for driving the recordjng nmedi um a reading head 2006 for reading the

M
i nf or mat i FERVTOIRN BHERL FEEBREI AT MBYi &% MSSTFSATGuci ng the binary
d si | St57; i . Q08 f i i th d
S gnal 957 to gencVard ThiS BiTSitedt bincutan pars Stuh §hE: cand 1 o2
duct i ant 0 14. 2 - -
Col Pl T ers Dook I ed Hhom 2, VL ERRRRCATEL, Sht Rd TR Sh0%, om

whi ch the ﬂgéatah@dai@e hif 51688 LRPEREYCEERR @Bk @ ViiaRlcai e | 6r
supplied, and in turn generates the reproduction control 5 signals St55 and

St 39 resp%ﬂﬂé&elmg@mg dirge f heheacendi AYlERAedidr isetirdd ta{#wt 95) 2004
" Slgnareproduced from a video tape or other recording medium, the
audio and video signals are not real-time signals.
20 While the multimedia source stream is shown in
Fig. 2 as comprising these three source signals, this is
for convenience only, and it should be noted that the
multimedia source stream may contain more than three types

of source signals, and may contain source data for

25 different titles. Multimedia source data with audio,



processor 2008. So that the user-defined video, sub-picture, and audio
portions of the nultinmedia title edited by the 10 authori # are
reproduced, the authoring decoder DC conprises a scenaridn%gﬁg%ﬁgfzgﬁgb for
sel ecting and reproduci ng the correspondi ng scenes (titles). The scenario
sel ector 2100 then outputs the selected titles as scenario data to the

aut hori ng decoder DC. 15 The scenari ¥ sel ector 2100 preferably conprises a
keyboard, CPU, and nonitor. Using the keyboard, the user then inputs the
desired scenari o based on the content of the scenario input by the

aut horing encoder EC. Based on the keyboard input, the CPU generates the
scenario 20 selection data St51 specifying the sel ected scenario. The
scenari o selector 2100 is connected by an infrared comuni cati ons devi ce,
for exanpl gideo,t lkaeddecdutpictoyse edatanf ool pénralotittlesvdmh teferpeds t he
scenari o selection data St5I|. 14 Novenber 2002 -30 Based on the scenario
sel ection tHat ®edo% ast malldeicdui e syereamseont rol | er 2300 then generates the
bi t stream reproduction control signal St53 controlling the operation of the
bi t st ream producer FROEhWThEnsFigan? buFfér RSP IHAY £GRISY i ECbuf f er

capacity used tQ tenmporarily store, the reproducedq.bitstream St61 i nput from
R B - L AN s A RS R { st B R A A SRS

synghronizg&h??ggg%% égg%%r fEs Fl qé%$e %ggﬁe%uggéﬁfg%% stream and

generate 1 ream al'a ream er ‘2400 is al so

connect ed LOpLBeclacadinG ! B EOMINLY B8R e bBaliigh okl BHPI 1 €S the

gener at ed ream control data St63. e synchroni zer i s cdnnected

to the 15 gdeqodi BcOUBLEHOONH M 1 £Ts 23000 T@PE ¥R 8B0,t syeeRkY ehddak,system
cl ock reference SCR contained in the synchronization conirol data St81 to

set the ingeppakiagst esnel FFemAtEand sopplyedbeaeesebosysham cl ock St79 to
the decoding systemcontroller 2300. 20 Based on this systemcl ock St79,

t he decodingcsydirmg medtinal Mer 2300 al so generates the streamread signal
St65 at a specific interval and outputs the read signal St65 to the stream
bul@er 2400. Based Ghet vddamppidnel fexmRttenal38065omphdses video

object (VOB) buffer 1000, formatter 1100, and volume and
file structure formatter 1400.
The bitstream encoded by the authoring encoder EC
of the present embodiment is recorded by way of example
15 only to an optical disk.
The scenario editor 100 of the authoring encoder
EC outputs the scenario data, i.e., the user-defined
editing instructions. The scenério data controls editing
the corresponding parts of the multimedia bitstream MBS
20 according to the user’s manipulation of the video,
sub-picture, and audio components of the original
multimedia title. This scenario editor 100 preferably
comprises a display, speaker(s), XKeyboard, CPU, and source

stream buffer. The scenario editor 100 is connected to an



25 stream buffer 2400 outputs the reproduced bitstream St61 at 14
Novenber 2002 -31 a specific interval to the system decodegr

bitstream St 67. Based on the scenario selection data St Sﬁg I\{%ggggfé‘%o |2ng
system control | er 2300 generates the decoding 5 signal St69 defining the
streamlds for the video, sub-picture, and audio bitstreans correspondi ng
to the selected scenario, and outpuréx%o the system decoder 2500. Based on
the instructions contained in the decoding signal St69, the system decoder
2500 respectively 10 outputs the video, sub-picture, and audi o bitstreans
input fromthe stream buffer 2400 to the video buffer 2600, sub-picture
buffer 2700, and audi o buffer 2800 as the encoded video stream St7l,
encoded sub-picture stream St 73, and encoded audio stream St75. 15 The
syst em decodrte25080 weltirmedile ittsreani saurcrefseanphPTs &he decodi ng
time stanp DTS of the smallest _control unit in each bitstreamSt67 to
gener at e t hBultimefapospEEicen SAtha¥t bt 79t37hasdt PRE RRPoFHEPLE®Asi gnal
St77 is supplied to the synchronizer 2900 through tge decodi ng 20 system
control l er 2300 as tA&SsHREH orF 7R PenBORt FBI rgEFQ 5C§ they d6desh angd s

synchroni zati gn control data St8l, the synchronizer 29Q0,deternm n t he
Gaconi ng. ot araLe; EPRBoRRBEEnS Todtie GO YRR ERI S PERREE PR L SAPPARBEY |

Noveber 2005 P 35%; Rt SEERE S Geb Sl TuHil dROar R B ar PEorDAaP BFBOTES ( ne

Nove pat S eo Sstream decoding Start signa

‘;: ggo decodgf 8800 ?ﬁ‘éeﬁsQQ fi%i e Qig 44 age dhe éYEEQrBBh%FBEwOO
generates and supplies the sub-picture decoding start signa t 91 and
audi 0 streafecording to the desired scenario using the keyboard,
mouse, and other command input devices while confirming the
content of the title on the display and speakers. The
10 result of this multimedia data manipulation is the scenario
data St7.

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

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

20 of the edited parts of the respective multimedia source
data streams Stl, St3, and St5 to generate the scenario
data St7.

The source stream buffer has a specific capacity,

and is used to delay the multimedia source data streams



5 decoding start signal St93 to the sub-picture decoder 3100 and audio
decoder 3200, respectively. The video decoder 3800 generqtqi %h% v%&§?

out put request signal St84 based on the video stream decodi (g i gnal
St 89, and outputs to the video buffer 2600. 10 In response to the video

out put request signal St84, the video buffer 2600 outputs the video stream
St83 to the video decoder 3800. The-Vildeo decoder 3800 thus detects the
presentation time informati on contained in the video stream St83, and

di sabl es the video output request signal 15 St84 when the |length of the
received video stream St83 is equivalent to the specified presentation
time. A video streamequal in length to the specified presentation tine is
t hus decoded by the video decoder 3800, which outputs the reproduced video
signal St1lGgtip she,synthesszer X3t indhed sahd pthenr euttpaedert rFEXs
simlarly generates the sub-picture output request signal St86 based on the
sub- pi ct ur estdeco8thg shdr&tSi.gnal St9l, and outputs to the sub-picture
buffer 2700. In response to the sub-picture output request signal St86, the
sub-pi cture buffer 27Tbds28ed@yputss xemuxed pferusEnshreanzstden ovittte
sub-picture 14 Novenber 2002 - 33 decoder 3100. Based_on the

present at i 0H¢ | $RL FAF oPREPHORICBACHSTSH | NIGHRe SRECPFLERLLY st WREM SBFR t he

b- pi ct decoder 3100 decod I th of th b- pi ct t St 85
cor rbspondi i 44 19 e A APEBFFF cHSpEESEIEAL i%n STTRA TS 517 EBr SHGCcE &nd suppl y

o the syniieelsels 32001 bensulicalot yre o 4idly I9%.a e sypLbesiasy 3500

superi npose e Vi deo st gnha 4 and‘ Sub-picture si generate

and OUtpUté%%ﬁu$ﬁ%téd9££ﬁ%[etghQGQdSHQn@edﬂfygﬁtébtégké%ﬂfﬁelghgata out put

termnal 3 audl o decoder 3200 generates and supplies to the audio

buffer 280Qditeridb® OMéPHL1EEABASE Sotitde AR hashei o phscaydi gagbream
decodi ng start signal St93. The audio buffer 2800 thus outputs the audio

stream St 8br aHdescdBanleli @ateceder ad20Q.11The aleiar desddrir@?8P decodes a
| ength of the audio stream St87 corresponding to the specified presentation
ti nk) based kmldwe presEntedabn,tthe nofladimetiien scomtce dekd midre Badi o
stream St 87, and outputs the decoded audio stream St 101 to the audi o data
out put 20 telayrd ByopimetTdstohayngbroniize tder aRiddune rracess defi ned
mul tinmedia bitstream MBS in real-tine according to_a user-defjined scenario.
More speci BN thaidrtide 2RECHIBF SBREATLCR -di BeSadtte dduimrdelayhe

aut horing decod Dc_25.is_able to reproduce the title content desired by

t he user E‘q\l%jerﬁ%r%'%ﬁzeg?ﬁoi ﬁhthlﬂ‘SsFF&‘}%@ S EBFIPHRRCHRG t he
mul ti medi a bi £ rr i t d.sc rig. It Ls
therefore pog’s‘,aé)i%thﬁle yé\@rﬁ%r?lés) %%P%)ﬁggag?ﬁ%rgfnnggg@?k %%tt%'f Jtsfhgﬁ%r ST o

I nvgnt i on ts%qg;?}ﬁ{ia&f @%Pciﬂ&téér?&'éécﬂ 2k’ EBB‘V@‘EC‘%@ %L{r?:ﬁeg%@és%%ce

user-define enarios by real-tinme or batch encodi ng i (
data in a HRFRYr Wenaibnd he, sabst £0a8509f mbhass el kesti @didddyy units

(scenes), which can be divided into plural substreans, e€xpréssing the basic
title contgrloraige afddingetush | ds aseptebhdactbiemeaseyr.el at i onshi p.
During batch editing in which all multimedia
source data i1s encoded at once ("batch encoded") after
20 scenario data St7 is generated for the complete title,
delay time Td must be long enough to process the complete
title or longer. 1In this case, the source stream buffer

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

video tape, magnetic disk, or optical disk.



The nul tinmedia bitstreamthus encoded can then be reproduced according to
the one scenario selected fromanong plural possible scenﬁgN&&mﬂkﬁgbéaalso
possi bl e to change scenarios while playback is in progress, T.€e., {0 15
select a different scenario and dynam cally generate a new nmul ti nedi a
bitstream according to the nost recently selected scenario. It is also
possible to dynam cally select and T@%roduce any of plural scenes while
reproducing the title content according to a desired scenario. 20 It is

t heref ore possible by neans of the authoring system of the present

i nvention to encode and not only reproduce but to repeatedly reproduce a
multinmedia bitstream MBS in real-tine. A detail of the authoring systemis
di scl osed 25 Japanese Patent Application filed Septenber 27, 1996, and 14
Novenber 2002 -35 enThel stiractuassi (et of eedbaeusgsi fore the tsomnwessent
application. DVD An exanple of a digital video disk (DVD) with 5 onI% one
recor di ng sthverse R femgnay stiegefopp pe dedwrnined @cacrdhagDyp the
recording medium RCL in_the preferred enbodinent of the invention conprises
a data recsiedialy Sine & reguiredngndr ShewRildPvERLe iRaRRfRERATARE read by
10 emtting | aser beam LS, and a protective |ayer PL1 covering the data
recordi ng SHF%ce RSL. A backi ng layer BL1 is al so provided on the back of

dat di f RS1. Th i_d t ' i tecti I
P15 provided [5 ¢ 7 of B8NP BPorrEt o R A he Te8rBRRER "
n H d All , t H H H h . k- | EI -
pﬂ)viededg itgjns:e egfsr e ?f‘)icggegli ‘gr(sga?}'ﬂgf’ger%%%.l%t; t hasfd/éé‘ls?gl t al a;élFan

di sk recor ditig tiRGiF I N AsSh NGhetHat aihecrdiengorirdiane %1 Déngphy oOne
side such as this DVD recording nediumRCl is comonly called a 20

si ngl e- si dat reirk@ita drayel thisked £t detaginbat tbhtatned dn aharssekdria Fig.
4 is shown in Fig. 5. Note that the data recording surface RSl is fornmed by
appl yi ng adaetaaldt7c then dridodimg oshetemeébrttrbldero2iongeasexattas athayer
4109 on a first 25 transparent |ayer 4108 having a particul ar thickness T1.
10 encoding parameter signals St9, Stlil, and St13 for encoding
the edit segment of the multimedia source data. The
encoding signals St9, Stll, and Stl1l3 supply the parameters
used for video, sub-picture, and audio encoding, including
the encoding start and end timing. Note that multimedia
15 source data Stl1l, St3, and St5 are output after delay time
Td by the source stream buffer, and are therefore
synchronized to encoding parameter signals St9, Sti1l, and
St13.
More specifically, encoding parameter signal St9
20 is the video encoding signalwépecifying the encoding timing
of video stream Stl to extract the encoding segment from
the video stream Stl and generate the video encoding unit.
Encoding parameter signal Stl1ll is likewise the sub-picture

stream encoding signal used to generate the sub-picture

25 encoding unit by specifying the encoding timing for



14 Novenber 2002 -36 This first transparent |ayer 4108 al so functions as
the protective layer PL1L. A second transparent substrate,ﬁﬁ%%/oﬂ)? 2

t hi ckness T2 functions as the backing |layer BL1, and is bon RENT ?Rg first
transparent |ayer 4108 by neans of 5 an adhesive |ayer 4110 di sposed

t herebetween. A printing |layer 4112 for printing a disk |abel may al so be
di sposed on the second transparent -s3%bstrate 4111 as necessary. The
printing |ayer 4112 does not usually cover the entire surface area of the
second 10 transparent substrate 4111 (backing |layer BL1l), but only the area
needed to print the text and graphics of the disk | abel. The area of second
transparent substrate 4111 to which the printing |ayer 4112 is not forned
may be |l eft exposed. Light reflected fromthe data | ayer 4109 15 (netallic
thin fil mMsdwspicgurbestaiean e di nBhcodingep®Bamesert Isdgefadr ests dig ect |y
observed where the |label is not printed when the digital video disk is

vi ened frdmhsialed 58. eAsod imgs g itgna heudad ke ogaderaties thiek@ualisi | ver-white
over which the printed text and graphics float when the netallic 20 thin
filn1iszyﬁmﬂQﬁi%mnvﬂthbMIﬁHEQRﬁY¥ﬂ%n%m%.e%ﬁ?élﬁﬁaFlmﬂnﬂsﬁﬂﬂ3?W%M%ssary
to provide the printing |layer 4112 where needed for printing, and it is not
necessafy'%?Fiﬁ%v$H§'the printing |ayer 4112 over the entire surface of the
backi ng | ayer BLL. 14 Novenher 2002 -37 A detai.led. illustration of area
S B o5 i o shoRRSEA 1 e BrTe-Bage) KRG8 CPESRIRY B PR h D rmon
contact surface. between the first tr nt ye 1 a e data | ayer
4109 on sied'éc%ill?goﬁ?%mle’c‘ﬁ%dg asitferagg%pg{gy %%gtt%ﬂg ggFagg‘r tl:E’eeam LS, and
data | s [eGprdnfedya VabULRE Witd %{asi) alfie §iifapdd LaRds sty Ccnd e

| engt h of e Tntervals between the pits). More specifically, thé pit and

l'and CO”“éHEéﬁiﬂE‘%?éﬂBﬁ enithe1fidrst2dd anshar £hés | ener t4498q Signals
transferred to the data | ayer 4109. The 10 lengths of the pits and | ands

are short eat2andkstd®, pahdhsab st ke rdaic rig atkes dreodeldby the pit sequences
is narrower, than with a conventional Conpact Disc (CD). The surface

r ethr di ng mieitsingdia-¢heodidr etgeaat 1in ithy cprcibied Simefbabe first
transparent |ayer 4108 on 15 which data pits are not forned is a flat
surface. HedacwrmhiPansparent substrate 4111 is for reinforcenment, and is
a transparent panel made fromthe sane material_as the first transparent

layer 4108 with botBh&i 88FRINT SHFTHRM I HIC LhET T200r BL5PeBENEBRYSFqual
i tod, ARR TIPS TRDOFNBE GRICETARAP DG AR M T hotiRe surface wi th
oL S Dy BN, R ST Ao chpb gl O
vepsel engt Ropyld QY efer s£002m 38coding data St33 defining the system
encode parameters for multiplexing the encoded multimedia
stream containing video, audio, and sub-picture data. Note
that the reproduction time information IT and stream
encoding data St33 are generated for the video object VOB
20 of each title in one video zone VZ.

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

25 relationship as a multimedia bitstream. More specifically,



1 of the light beamsnall in a digital video disk system the dianeter of
the light spot Ls used can be reduced to approxi mately | /4. i spot
needed to read a CD. Note that this means the resolution1é#@?%ﬂﬁFggg@§beam
LSin 5 the DVD systemis approximately 1.6 tinmes the resolution of a
conventional CD system The optical systemused to read data fromthe
digital video disk uses a short 650‘@ﬁYMHvelength red sem conductor | aser
and an objective lens with a 0.6 mm 10 aperture NA. By thus al so reducing
the thickness T of the transparent panels to 0.6 mm nore than 5 GB of data
can be stored to one side of a 120 mm di aneter optical disk. It is
therefore possible to store notion picture (video) inmages having an.
extrenely large per unit data size 15 to a digital video disk system disk
wi t hout | osthg thbye gednengebeonFI®) Ml Nt afk3Bapachepdotoacontrol

si ngl e-si ded, single-layer recording nmedium RCL with one data recording
surface RSIthe ¢ppBegbieRrfpbatiecmedhs tichlei R4tiRe YndEagdVORDPaelty of a
conventional CD esult, whil.e qwggﬁﬁvideo resentation tine of a

L As ar .
convent i ona®2@D Lt RsTRGpPERE tETREeRe 1PS; nBgetqusPRtyolts
sacrificed,_high quality video i es W.th.a video presentation ji
exceedi ng t%e h%%&ée%%ﬁ %g Eggo?gg%r?'oeaé}e&/%ltlﬂ% %‘?bﬁ%‘? B’Pago(ﬁﬁ’g%i S
t herefore sS4 5 : ordi. ' [ i S. 14
Noverber 2003 SRR PERG R P ERECEUIAA Ui e Mok SR PRESL v
recordi ng sigfaces-Epspegsri bed above is shown in Figs. 7 and 8. The DVD
recordi ng medium RC2 shown in Fig. 7 conprises two recording surfaces,
i.e., first recordingngd ¢yabacenddhandeEenis tcanspateat teeenndspaeeedi Ng
surface RS2, on the sane side, i.e. side SA, of the disk. Data can be
si mul t aneoustiream dou el o5 £ rejpe odoead riivomditese 10®m aretotslitigesur f aces by
using different | aser beans LSl and LS2 for the first recording surface RS1
and the secombding esysthmgcsntfaddeRS200|,t arsl adareipossitherefromatiierite
both recording surfaces RS1 and RS2 using only one of the |aser beans LSl
or 162, Noteldemtsterst Sy aedi ¥1dRas cacegdinge Paranaisy esigrahge si de,
dual -1 ayer disks." It_ should also be noted that while two recordjng 15

surfaces RICSHRFIESEL¥e FRRPULRTi RAFRFEter s WPPiied Py tdhe prikdsPl e to

faces REPSHRF RIS 01 RAEATS X e
Clr T aces. RE™GIUAS TAEEE Y SECAR S5k R S LR S AT T | | ayor
sur f aces RS DI SKE (11 . 112

recording A Thout IH b C5 PR BIRY B h i e TR Fi g

8 has the reeaidifn NS 2GH% O OPRASEESaYl €990l R ile datdsadas the
first data recording surface RS1 on side SA and the second data recording

surfsace RSZyesiidf-iSBe Nrodldrabsn beddd ebynaus it tehideianly two
recordi ng surfaces are shown on 14 Novenber 2002 -40 one digital video

di sk in thicoraeardde natnei 4 han Based eonr dheg vidicioaees oddn s daee fear ned
on a doubl e-sided digital video disk. As with the recordi ng nedi um shown in
Fig. 7, it sigrals@&inssild evideprentdderwd0fepacades| asepes ifdanpardl and
LS2 for~recording surfaces RS1 and RS2, or to read/wite both recording
surfaces ROF &he RSZapsishyer®iFigl etpageprepasm tRhet encrged mMislaope of

digital video disk is called a "doubl e-sided, dual-layer disk." It wll
al so be ob@RE™ 1% doubl e-sided digital video disk can
20 The sub-picture encoder 500 is similarly

connected to the source stream buffer of the scenario
editor 100 and to the encoding system controller 200, and
receives therefrom the sub-picture stream St3 and
sub-picture encoding parameter signal Stll, respectively.

25 Based on the sub-picture encoding parameter signal St11l,



10 be conprised with two or nore recording surfaces per side. This type of
disk is called a "double-sided, nmulti-layer disk." A plangyj e

| aser beam LS irradiation side of the recording surface R@/%@%rﬁ%&g%a
recording 15 mediumRC is shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording trac% TR is provided fromthe inside
circunference to the outside circunfe %ﬁce of the DvD. The data recording
track TRis divided into plural sectors each having the same known storage
capacity. 20 Note that for sinplicity only the data recording track TR is
shown in Fig. 9 with nore than three sectors’ per revolution. As shown in
Fig. 9, the data recording track TRis nornmally forned clockw se inside to
outside (see ,arrow 25 DrA) fromthe inside end point 1A at the inside 14
Novenber 208653€- $8b-g refeRAeY 8PSKkercades eherafist e madt pof ntheA at
the outside_circunference of th ?isk with the disk RCA rotating
counterclocﬁﬂ#sglﬁ&RFeﬂﬁ %ﬁ%é$5 P sgeReBatre Ehp epcrdsdubweidteke and
the recordi gg,LLac t&grned 5 thereon is called a clockw se track TRA.
Dependi ng upon the appl’ication, the recording track TRB may be forned

cl ockwi se from outsi agd Q\idsh ' epge e arrow DrBin Fig. 10)
fromthe outside end point OB g‘t’gm?hgggﬂ?gr)dggcﬁé%‘é é%rné%%cet% Wsﬁhg{CB to
10 the insigeupsd perdhm Budrdha s NHdles&bheridh ee80€8:0h dohe 4 SK, W,th the
di sk RCB rotating clockwi se RdB. Because the recorglgngrt rlé’tc?k%é%pzca?\é%’?%
wind count esstodkngseywsiten Goemed Iramide, |5k deesbs ¢Uaf ¢ t
outside circunference on disks with the recording track fo?%g%%Fkﬁﬁghﬁﬁe
direction cfudioostbe8n shésendi shaliar @nefRing b fansteeust ghahogyse

di sk RCB wi th counterclockwi se track TRB to distingui sh themfromdi sk RCA
in Fig. 9. Woteh tsappiiasktier endosigdDrsAzarid andB end theihgack BRaklds ¢ ong
which the | aser_beamtravel s when scanning the tracks f or 20 recording and
pl ayback. D@4 oPNEPIkNPoPALRS® tRIA SIINA EEIR sktiREA2 1AL S ens oS

opgbsite thzeoodiéect'on of trac%.ﬁath DrA,_and direction of disk rotation
RAB 1 n whi ch diKE t3r iBeFLTLRuBZPp LS e REGiS exkremmoStsriok path
Dr B. 14 S -4 An_expl oded vi ew, qf the single-sided,
dual-layergﬁ SE Q%i S %mﬁn?ﬁdﬁ?géuégfssgﬁgﬁﬁ & 1fi'sk RC20 in Fig. 11. Note
that the recording t KS 3 t r rding surfaces run_in
opposi te directi ons.f %egll ?%gﬁé;};%gén gj%gffc%%kvﬁeogog,lrsec‘%?ﬂ?ﬁﬁg?ga‘&? *RE as

shown in Fivgaed ishdud®h o6 £h@Ckyi sgedbhechifl DAY, the (loyer) first

dat a

200. The video stream buffer 400 stores the encoded video
15 stream St15 input from the video encoder 300, énd outputs
the stored encoded videoc stream Stl5 as the time~delayed
encoded video stream St27 based on the timing signal St21
supplied from the enceding system controller 200.
The sub-picture stream buffer 600 is similarly
20 connected to the sub-picture encoder 500 and to the
encoding system controller 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 encoded sub-picture stream St17 as time~delayed

A



recordi ng surface RS1, and a countercl ockw se recording track TRB forned in
countercl ockwi se direction DrB as shown in Fig. 10 is prowl

(upper) second data recording 10 surface RS2. As a resul?%rﬂﬁ%ng%¥g@§% 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 disk RC20. Note
that track paths DrA and DrB of track®&-TR are also the data read/wite
directions to disk RC. The 15 first and second (top and bottom recording
tracks thus wi nd opposite each other with this disk RC, i.e., the track
paths DrA and DrB of the top and bottomrecording |ayers are opposite track
paths. Opposite track path type, single-sided, 20 dual-layer disks RC20
rotate in direction RdJA corresponding to the first recording surface RS1
with the | epepdegandlsgicneate ngtakangsteacbagaich dir AHe timiegt 8€gnal
recording track on the first recording surface RS1. When the |aser beam LS
reaches thstaot sigpldmetl phron he eheocflabgr sheden Sccdrdicdeds 2@bocused to
end point OB on the second recording surface 14 Novenber 2002 -43 RS2 to
continue tracing th&frecvrdingstreer trsmerhd Xq rist signk¥ark¥cond recording

surface uninterrupted. The physical distance between the recording tracks
TRA and TRBOHRECHES s theh RUBLINBNFREBF dY RY & ACeSNRSENGRATRY can 5

hug be i Ly .elin d i mpLy adj ust he f f_th
| 258" beantl8LeR SRR A bossTHE o Rt Sh- BP0 PLrd i AL pRLPEES po,
singl e-sidegd, dyal; '%%§ %}Bﬁ'cﬁs ‘%ﬁ%&’mté’tfé‘s%}%uﬁr QCe%S thil® A AGU 4 rﬂ‘@oééé‘gks

di sposed to phyS|ch screfe top an ottomrecording surfaces as a
si ngl e contjRUO r di tay r : 0SS i
Ut hor g 20D e R o ot R crante PetRaR STy e M

conti nuoustyneegandylle sRddddE g b t stream ¥BS1t Bakelis chheHA 88 ing
mul timedi a data managenent unit to two 15 discrete recordi ng surfaces” RSl

and RS2 onsagahklgke 2i5e @Ripg g dTefh ¢rin 62 oentbd thgukdsbemnebegd idiatest he
tracks on recording surfaces RSI and RS2 can be wound in the directions
op0site those described above, i.e., the countercl ockwi se 20 track TRB nmay
be provided on the first recording surface RS1 and the cl ockwi se track TRA
on the second recor @hey sigter cereder n20fj sscgoaneréed tecttinen widep sk
rotation is al so changed to a clockw se rotation RdB, thereby enabling the

two recor dFRESalr PHEEETT 400e \(RIRT RASBEF € oRiF £3P AL er ngP8  c MG MUous
di t k i_bed 4 Novenb 2002 -44 ab F
Gl 1 SaP PR DR B e Coxadpith DI (HIOAYIR 575 P BROPStERYNEF0 20 e t her

Fhom, oot BRCEACReBRLE LY I e 59 9L Uk SRR

I e S L s

called a sipgbemskded, deahel-akanyliclerdddednpasisestrésk 885RS. ang
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

20 stream encoding data St33 (timing signal) to generate title

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

The video zone formatter 1300 is connected to the

25 system encoder 900 and the enceding system controller 200



Anot her exanpl e of the single-sided, dual-layer 10 DVD recordi ng nmedi um RC2
shown in Fig. 7 is shown as disk RC2p in Fig. 12. The reg@rmnH G
formed on both first and second recordi ng surfaces RS1 aﬁghggggg%g

cl ockwi se tracks TRA as shown in Fig. 9. In this case, the single-sided,
dual -l ayer disk RC2p rotates counte;& ockwi se 15 in the direction of arrow
RdA, and the direction of |aser beam®.S travel is the sanme as the direction
of the track spiral, i.e., the track paths of the top and bottom recording
surfaces are nutually parallel (parallel track paths). The outside end
points OA of both top and bottom 20 tracks are again preferably positioned
at the sane radial position relative to the center axis of the disk RCp as
descri bed above. As al so descri bed ,above with di sk RC20 shown in_Fig. 11,
the access FFAMtWRARN pERensLideafedising 4n¥t eVPPbrrbdPsPAE &4&160i nt OA

of track TRA on the firét 5 recordi surface RS1,to &Pe out si de end poi nt
OA of traclEeIHRpVERDEF® OéigpaASSE%@A Jri B HT sBtBRALY eBBPdi ng surface

i . EF ©2062503 X surfac
ond poi e SReREE0s Y BRbpTEehiC, AR TS ealBics ISARELSL RABHRE (he

cl ockwi se , i K . i S

recording medi u%%%{ﬁgus%gggfgﬁnégﬁl?ﬁc%%ﬁ%@té;rg%l ?%%t%ﬁghl?éfio% \% se,
opposi te dlﬂ&ﬁﬁamr@/gar%%a%ngs@a tehe g{}é@ﬁt@oaém&pfathe | aser beam
LS, however, it is inefficient to change tthe 10 rotational direction of the

recordi ng mRditiMedBa SHDYEtP¥ahhgBdi.agam valdedv idndi Sorddttéheibaser beam
LSis ,therefore noved fromthe outside end point QA of the track on the
first recondiaxysigdsaceh&kSiitbet bditdsigdendrict pGIoR) ISL38 iheche ackdea t he
second recording surface RS2 to use 15 these physically discrete recording
tracks as @o@md o cal ITheoncenavie sequedicsy dafdgied eyt Here theer Usasedt he
recording tracks on top and bottom recording surfaces as one conti nuous
recordi ng efadie i%itke FeFuppssi 6PELrelusdaneed EAH dihFEenexxketeheo

record the nyltipedia bitsireans MBS for different titles. This type of
diéi al vi §83%& IFW%&&F%&%@ ﬁ%ﬁ?ﬁﬂ]??géa *8d *a "singl e-si ded, dual -1 ayer

Formed 25 on e rechrt AL CaPPALR ST SHRPRAPT S ShhcetPeefna 14
November 2?&%&r@%r§i% el QDA Eaekifiea SRURLESY Ci%i‘é%r?egxe g{%}%gédd‘grbﬁé acks

TRB are fo operation renmalns the sane as t ove

except for e rHereCld g, OfTil SKe£8EAEL0R200NLERde® HOUNE SRy Ao Fhown by
arrow RdB. 5 Whet her using clockw se or counterclockw se recording tracks,

the singl emsnddthediunlstrreat dask BE2P wot Rhpadalthels tireaek ot drmist

described is well-suited to storing on a single disk encycl opedia and '

si bl ar nubtfi robei areuidrstirenmedimprMsi agdnthtisplre coirtdse £ hehdtoranatted
data stream St45 to the recording medium M. Note that the
multimedia bitstream MBS recorded to the recording medium M
contains the volume file structure VFS, which includes the
physical address of the data on the recording medium

20 generated by the video zone formatter 1300.
Note that the encoded multimedia bitstream MBS

St35 may be output directly to the decoder to immediately
reproduce the edited title content. It will be ocbvious

that the output multimedia bitstream MBS will not in this

25 case contain the volume file structure VFS.



10 frequently and randomy accessed. An expl oded view of the dual -sided
singl e-layer DVD recordi ng nedi um RC3 conprising one rec l f

| ayer RS1 and RS2 on each side as shown in Fig. 8 is sho&%ﬁggﬂf@%#ggggrding
medium RC3s in Fig. 13. C ockwi se 15 recording track TRA is provided on the
one recording surface RS1, and a cog;@qyclockmﬁse recording track TRB is
provi ded on the other recording surtfdaCe RS2. As in the precedi ng recording
medi a, the outside end points QA and OB of the recording tracks on each
recording surface are 20 preferably positioned at the sanme radial position
relative to the center axis of the DVD recordi ng nedium RC3s. Note that
whil e the recording tracks on these recording surfaces RS1 and RS2 rotate

in oppositg gilrectionii tEe tBaCk paths are symetrical. This type of 25
recordi ng f own as a doubl e-si ded dual 14 Novenber
2002 -47 layer disk w¢ metyical track paths. This douybl e-sided dual
layer disk with symrgt PPS?#FF&‘{:E aqcifsm s° o?%?egufgho’d'FchfiPGHdR&'A when
readi ng/w idd Wkddierd ! daloa8Cehd! RUINANG ik o el ESY! La 108 fEaCK

path on the second 5 recording surtace e opp b8pposite

Lhe diTect kaje BRAdk iy ChniBack” ek olf s prebend! HRRLLON DY A docessing

both recording surfaces" RS1 and RS2 using a“single l'aser be S

thersef ore molexredn} irxdproducesEREt b¥aAtehtMaet RArReueas% imﬁnf@rﬁé&&?&fng 10
non-conti nuous. In addition, a nultinmedia bitstream MBS is separately

recorded t &ot feher ecnhdef Buied aseenapibhe ik BelscaitesecRIE Hdtasy, of i the
disk. A different exanple of the doubl e-sided single |ayer disk RC3 shown
in Fig. 8 refewenrs FFiRfig143 as Notk thaRC3a. thet prigifatrridd exbsdiment
conprises clockw se recording tracks TRA as shown in Fig. 9 on both
recordi ng SEEFAPSREE 1A Hep maktipediahbipstredmn§tiéc entiopdradi a, t he
out si de eng o%&%&é&ﬁ and QA of the [ecording tracks on each recording
surface ar hgr WD EGt 1E hEeSprd8fetradhal rpesrdiing rel ati ve

toiphe cen%g&.g§:ﬁiof the DVD recordi ng nmedi um RC3a. Unlike the
doubl e- si d&d°-duA ‘ayer disk with synmetrical track paths RC3s descri bed

Thi's type of di sk | 2% NETafbr S hban 36 G195 4bbrang: A5G AN Hyer di ok
Wi th asym@bnpedkek’ aChulditedia i NOVEIDR o2082:6#82000, scenario
selector 2100, decoding system controller 2300, stream
buffer 2400, system degoder 2500, video buffer 2600,

15 sub-picture buffer 2700, audio buffer 2800, synchronizer
2900, video decoder 3800, sub-picture decoder 3100, audio
decoder 3200, synthesizer 3500, video data output terminal
3600, and audio data output terminal 3700.

The bitstream producer 2000 comprises a recording

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

read signal St57 to generate the reproduced bitstream Ste1;

25 and a reproduction controller 2002.



Thi s doubl e-si ded dual layer disk with asyZnnetrical track paths RC3a
rotates in direction RdA when reading/witing the first r i ace
RS1. As a result, the track path on the second recording'gfﬁﬁéééngggéén t he
opposite 5 side is opposite the direction DrA in which the track w nds,
i.e., direction DrB. This nmeans that _if a | aser beam LS is driven
continuously fromthe inside circumf® ence to the outside circunference on
the first recording surface RS1, and then 10 fromthe outside circunference
to the inside circunference on the second recording surface RS2, both sides
of the recording nmedium RC3a can be read/witten without turning the disk
over and wi thout providing different |aser beans for the two sides. . 15
The track paths for recording surfaces RS1L and RS2 are also the sanme with

t hi s doubl e-si ded dule |zgrroduskinnt koasyeider G102 rixkepatdst&E380 As a
result, it is also possible to read/wite both sides of the disk w thout
provi di ng Skpafarediagesystamn ¢ortrathesi d30pf from sbicdcdhdi ng nedi um
RC3a is turned over. between sides, and the read/wite apparatus can

t her ef or e BRLEITEEL Ge P SR kaPr9ductiensagntaobesisnad &3 tis s
recordi ng nedi i dentjcal even _if counterclockw se

: i ns .funct i onal | ,
14 hbvenbe?uaagggéig%b i&FﬁHﬁﬂhgﬂg%%gﬁ¢$??st%?oE?BEBdPﬁtﬁP&C§Q@¢IGﬂOCkmﬁse
di ng~ t.h di f RS .RS2. As d i bed
boe. 1he T aig1g a8 AR S A Y O AR e80T 488 £4Bact ty of the
" . D Sy . " |
recording FECLHIRgCARARR SRSNY UL ieg@agg%zbgpyﬁwg?ﬁa”y%gpe ayer

recording surface is realiz in m I cations eby plura

vi deo dat apretésSsopl sk .audio data units, and plural graphics data units
recorded to a single disk are reproduced through interactive operation by
the user. 10 It is Sbetdqs eaHwassdt-idpinedi evaeoneshpngisiand ngfesire
of software (programm ng) providers, specifically, to provide progranm ng
content suidhs porbimescbdl timey ime ldri reedsiandl jet Yeecad Dt e BRdEnE i n pl ural
versions for different |anguage and denographic groups 15 while retaining
t hE0 i mage ajporingfengederi §Cnare Pepawdalcashntrhe Gurt@ningr dwtdass of
novie and video tifles have conventionally had to produce, supply, and
nmanage t h@SG RAROIFLDf 2| RAPPRYER SElecEST 2 1A g &9 kerutnesand0

typically zterbercl‘?d‘]cgfr?getr?; ce:ggg'ecsib%%yi%%t Is%gnr;%r k(et':[i’tlaensd) - The

scenario selector 2100 then outputs the selected titles as
scenario data to the authoring decoder DC.

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

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

data St51.



multi-rated title packages conform ng to the parental control (censorship)
regul ations of individual countries in Europe and North Nica. Tg@ %ine
and resources required for this are significant. Wile hfﬁﬁ P¥ﬁﬁ§§r 3 ity
IS 14 Novenber 2002 -50 obviously inportant, the progranm ng content nust
al so be consistently reproduci bl e. T?S digital video disk recording nmedi um
is close to solving these problens. "5“Nulti Qe ancrles one interactive
operation wi dely sought in nultinedia applications today is for the user to
be able to change the position fromwhich a scene is viewed during
reproduction of that scene. This capability is achieved by 10 neans of the
mul tiple angle function. This nultiple angle function nakes possible
applications whereby, for exanple, a user can watch a baseball game from

di fferent angles (orBgppdugn g%ﬁtﬁQﬁﬂ@ﬂ#Pt$@l%@§§@0nﬁ§t3ndt6an fhtee| y
switch between the views 15 while viewng is in progress. In this exanple
of a baseb&§CPhrg ITHEtewarPABFeldfy @s”%r?afh%|wré@mitm@n behi nd t he

backst op centered on the catcher, batter, and pitcher: one from behind the
backst op c%ﬁﬁﬁ&ﬁf?ﬂlEF?F%ﬁﬁﬁ loppgo %FSHeF}g t%#?%mﬁ?ﬁﬁﬁ?lhhﬂgoﬁéefrom

center 20 fj elx?an%ﬁgaymé%a\%lpgi%gggla%gekgﬁrghh%g@ 2q)'%%tcatcher. To neet these

. ocpe .
reqU|renent§f v Stem-uses G the sanme basic

starglar d format usedyug 5y ¥hdgoxCB o JagPLd he 4 et 2Ugl e aph cs,

and ot her signal data. Because o i fferences 1 or age apacity,

transfer ra@sci Ao PEORSSSARY] PeEtorBRRER RIS 4 agd
within the reprcolgil}gti on apopar atlﬁs, DVD9uses MPEG2, z;[er% comregé}%%e%?ﬁod

and data f gusat iofputhimdolifierostighehy preauthe WG, fBimictisedeW th
Vi deo-CDs. It should be noted that the content of and 5 differences between

the MPEGL addireREGA reftcamcetrion havé hoitia2csynehabndreiiipr @dde sakent of
the present invention, and further description is therefore omtted bel ow
(for nore i(system idwcks qelmEnepbcf ot cagtbnstreaml 1 ana-getherd®«3818). 10
The .data structure of the DVD system according to the present invention is
de?@ri bed PATEIEEY™ FONGH N tdprtrarerehce TBeFFEeamgbuffer1840m i90, and
21. Multi-scene contral fully f nct%onal ang Eractical parental |ock 15
ol ayback | BAGE GPARRE AR (0 AR SSCRNE DI SYBRER FRRCEPORSRUSE hath® t he

or esent i no Bt A% BRI odhRlth S AR Balterl Bhr

functions aggsachi eved by preparing and recordi ng separate titles
sati sfying each of

The synchronizer 2900 is connected to the

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

20 Based on this system clock St79, the decoding
system controller 2300 also generates the stream read
signal St65 at a specific interval and outputs the read
signal Sté65 to the stream buffer 2400.

Based on the supplied read signal St65, the

25 stream buffer 2400 outputs the reproduced bitstream St61 at



20 the many possi ble parental |lock and nulti-angle scene playback requests,
titles that are substantially identical and differ in onl{ @1nor mg%é nmust
be recorded to the recording nedium This results in iden ﬁ 8N3Tﬁﬁr %ing
repeatedly recorded to the |arger part of the recording 25 nedium and
significantly reduces the utilizatiﬁg 14 Novenber 2002 - 52 efficiency
of the avail abl e storage capacity. }é particularly, it is virtually

i npossible to record discrete titles satisfying every possible request even
using the massive capacity of the digital video disk nmedium Wiile 5 it may
be concluded that this problemcan be easily solved by increasing the
capacity of the recording nedium this is an obviously undesirable solution
when the effective use, of avail abl e systemresources is considered. Using
mifti-scend SHATHILC tHREBYREpECOENRhFYRTED A CRaaN i DR | S ahbthtreanm
section be%%g in a DVD system it is possible to dynam cally construct
titles for Rérous vari ations of the sane basic content using the small est
possi bl e amount of a r f.ectivel y utilize the avail able

syst em r esour ces (rgg%g%?nggn%ggug % %%ﬁg féiﬁﬁ;ﬁ?qcéﬂ??,gF$£re Rehat can
be pl ayed ' %?ggg Laflon e t from basi c (common)
scene periggg%ggk%gi ingI@&%g%%%%%%%Pt%3ggcﬁgﬁ??%%%%a% %né%?q “&he peri ods
conpri si ngs@gaens sefs diddmrneniy Seadest 041 €8R8NELRI +he R)l%\evoaf I ous

requests. During 20 reproduction, the user is able to freely ‘and at any
time sel ecsupapticturar, strRheuidi®mitetredns-s6epespenaady @ dHwani cally
construct a title conformng to the desired content, e.g., atitle omtting
certai n sceasdectedngcemarbar,ertral dwiputonts othéusgsien decbéidovepwer 2002
-53 Note that nulti-scene control enabling a parental |ock playback control
function and nufti - &vfled el hydtekctsodesepnednied dmottrer secti on
below with reference to Fig. 21. 5 Data structure of the DVD system The
data struct@redyBedsiangde SH6thotihey sKaem dtcederg2BaP viedpectiivielyyst em

acgording to the present .invention.,is shown in Fig, 22, To record a
mu (?i medi a°‘bFP§1€Fe§ﬁF|v§$,d%i SuR-gichuns 'de?PjS%‘kgé‘E?sPéﬁFHF?ﬁ@és ippat10

recordi ng I LN hre jor Jr.ecordi ar.ea the_lLead-in area LI, the
vol une spaﬁg ggh%n%ef%8&|§§g%%ﬁi2§§®aﬁﬂ3 ey*ékﬁLPﬂfE?EaZEPOPS provi ded
at the insd ' e a of i i SK. t | sks 15
descri bed%w%ﬁ%%gg?én%gegng?gg.o'9%3% a%%flof%;él eéalg-%én&%rgg gbei S

posi ti onederéodde habEeserdapoisryd | ArtlidB ﬁbfﬁf&ﬁﬁﬁcgtrgg@?gé%f Arts

stabilizing the operation of the reproduci ng apparatus enr

is wittemnd é¢hecodeddandiar edrkhm 8@78he | ead-out area LOis
correspondingly | ocated at the outside circunference of the optical disk,

i ., at outside en@hpobysse®Adambdel @fSomaleteark thetpeedbskstdescri bed
with reference to Figs. 9 and 10. Data identifying the end of the volune
space VS isineckare PRS28ndhidscpdidgotiimer e4almP DTS of the smallest

control unit in each bitstream St67 to generate the time

information signal St77. This time information signal St77

is supplied to the synchronizer 2900 through the decoding
20 system controller 2300 as the synchronization control data

Stsl.

Based on this synchronization control data Stsi,
the synchronizer 2900 determines the decoding start timing
whereby each of the bitstreams will be arranged in the

25 correct sequence after decoding, and then generates and



14 Novenber 2002 -54 The vol une space VS is |ocated between the |ead-in
area LI and |l ead-aut area LO, and is recorded as a one-di I ay of
n+l (where n is an integer greater than or equal to zerofmggﬁgﬂg%r26§%glc
sectors LS. The 5 logic sectors LS are sequentially nunber #0, #1, #2,

#n. The vol une space VS is also divided into a volune and file structure
managenent area VFS and a file data structure area FDS. The volune and file
structure managenent area VFS 10 conprises mtl |logic sectors LS#0 to LS#m
(where mis an integer greater than or equal to zero and | ess than n. The
file data structure FDS conprises n-mlogic sectors LS #mtl to LS #n. Note
that this file data structure area FDS 15 corresponds to the multinedi a

bi t stream MBS shpwn S b T u e+
structure VFS“PBg?hehﬁlvé ste %ﬁaééﬁéé#%g'%ﬁgraagggxggrggsﬁot%%erv%lune
space VS as L1488 a8Rdakd @'s‘Hod%gaééH Qb Ok £ S8EL 88 Ink St dminb#mngaer e 20 m

is the nunbef™ orsre to store all data néeded t0 nmanage the

entire disk, 9139?4:5 3-8t %%'o RURETgdeSSatdanaRa s8hPIHBEI @Ref Or the files
stored to th aata structure area FDS is witten to the volune file

structure VF&BﬁﬁbEQhBE HecdYIVE tReci diged 1 0Bt sUCAnasaB ibSOt2eas or
| SO 13346. venmber 2002 - 55 The file data structure area FDS

conprisses n-getegifigseehets sighal 4t teacie conprpichygre diededemniager
VMG sized to an integer nultiple of the logic sector (2048
and audio decoder 3200, respectively.

The video decoder 3800 generates the video output
request signal St84 based on the video stream decoding
start signal St89, and outputs to the video buffer 2600.
10 In response to the video output request signal St84, the
video buffer 2600 outputs the video stream St83 to the
video decoder 3800. The video decoder 3800 thus detects
the presentation time information contained in the video
stream St83, and disables the video output request signal
15 st84 when the length ef the received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
is thus decoded by the video decoder 3800, which outputs
the reproduced video signal St104 to the synthesizer 3500.
20 The sub-picture decoder 3100 similarly generates
the sub-picture output request signal St86 based on the
sub-picture decoding start signal St9l, and outputs to the
sub-picture buffer 2700. In response to the sub-picture
output request signal St86, the sub-picture buffer 2700

25 outputs the sub-picture stream St85 to the sub~-picture



X 1, where | is a known integer), and k video title sets 5 VIS #1 - VTS#kK
(where k is a natural nunber |ess than 100). The video res
the title nmanagenent information for the entire disk, azgaﬁﬁ§%p¥gf?%%pfor
buil ding a volunme nenu used to set and change reproduction control of the
entire volunme. 10 Any video title set VIS #k is also called a "video file"
representing a title conprising vi deB - audi o, and/or still i mge data. The
internal structure of each video title set VIS shown in Fig. 22 is shown in
Fig. 16. Each video title 15 set VIS conprises VIS information VTSI

descri bing the nanagenent information for the entire disk, and the VTS
title video objects VOB (VISTT VOBS), i.e., the system stream of the

mul tinmedia bitstream The VIS information VTSI is described first bel ow,
fol | oned byethdevTS100.| e BXsedRS . tiThcpyaSenhatien tdmerimiorhation! udes
the VTSI managenent table VTSI MAT and VTSPGC information table VIS PGCIT.
The VTSI nepa§aiesd tabtde/sb-pictine eStE8eR S585nf dheatswir Ricttiee
internal structure of the video title 14 Novenber 2002 -56 set VTS, the

nunber of §@F€@?§bPéogh&%9%#¥%§m§%ﬁﬁﬁ%1%%dthﬁ EHE-PFHRS Stramn VTS,

th mb b- t t S| t st

adar ess) . THESVASPEESPHIGRAR 16 i T 1 EPRenr A AR S a
t I t S | - VIS_PGCl #i

For Scontr o PR BRE B ayb“?as’izé&%)ntg%a B0 61 TeRE 2580 B 11 es VTS pan

#i is a daé@bﬁﬁié¥u§épéﬁﬁﬁbﬂ9s%@% program chain, and conprises j (where ]

is a natural nunber) pllayback information 10 blocks C PBI #1 - C PB
# . Each cell pl aybq% |s‘]1frFﬁHE§1ﬁ}: b o6k £uF8Fifbosart aines ilde ! ayback

sequence of the cell and playback control information. The program chain
PCGC is a cohgeplustintrdgtius@b-picture signal St99 to generate and
output the multi-picture video signal St105 to the video
10 data output terminal 3600.

The audio decoder 3200 generates and supplies to
the audio buffer 2800 the audio output reguest signal Sts8s8
based on the audio stream decoding start signal st93. The
audio buffer 2800 thus outputs the audio stream St87 to the.

15 audio decoder 3200. The audio decoder 3200 decodes a
length of the audio stream St87 corresponding to the
specified presentation time based on the presentation time
information contained in the audio stream St87, and outputs
the decoded audio stream Stl0l1l to the audio data output

20 terminal 3700.

It is thus possible to reproduce a user-defined
multimedia bitstream MBS in real-time according to a
user-defined scenario. More specifically, each time the
user selects a different scenario, the authoring decoder DC

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



describing the story of the title content, and therefore 15 defines the

structure of each title by describing the cell playback %ﬁhe t hat
these cells are described in detail below If, for exanpﬁgﬁHﬁﬁgseﬁ eo title

set information relates to the nenus, the video title set information VTSI
20 is stored to a buffer in the playback device when playback starts. If
t.he user then presses a MENU button ¥ a renote control device, for

exanpl e, during playback, the playback device references the buffer to
fetch the nmenu information and display the top menu #1. If the nenus are 25
hi erarchical, the main nenu stored as program chain 14 Novenber 2002 -57
informati on VIS"PGCI #1 may be di splayed, for exanple, by pressing the MENU
button, VTS PGCl #2 - #9 may correspond to subnmenus accessed using the
nuneri c keypathendelsdredhsegusome By Eeprodecogl the) maild ineghia may
correspond to 5 additional subnenus, further down_the hierarchy.

Al t er nati VeLyStyesmpMBS £PIF@FRRNG Y tep HeAusalsplafesagnasiiessing t he
MENU button, while VIS PGCl. #2 and highe[ y. be voi ce qui dance reproduced
by pressing the corrdspShditRF $tMeti RBOREYPI20PYhBCRBFULT HeMbel ves are

db he. pl I hai defined in.thi bl e._ As It
Che monus RHGPBELRFoBR g E0neE diEod T VAT | DI UR)ET BROCERATATRE bo |
the menus #E5" B8 THeEty e TP e
oui Bance. HALTRiEREe; BsShr et BRGNS R TR Pl BERIRSSARA " 07 V' °°

i nformati : |} o] Q4 idh t ' yback
starts, tﬂﬂc%ggkﬁggkﬁgeéggé ?é?gfgﬁiggﬂﬁha%Eﬁf&gggsﬁgégggggﬁgﬁggﬂﬁgg%ribed

by the progses chak mBiherafd ekr@Ri0diee Sl rst £d 8t £8ANn2Q 1B "cel | s”
referenced here nmay be all or part of the systemstream and are used as

access poiedbtiitgi ugipkaybaekesfel kdiican darensf al evbde@seftof prugsanpl e, as

the "chapters” into which a title may be divided. Note that each of the PGC

i nf or mat | GPnlesitréams 25eEpPBEsANgc teabasict tideld ginlybatkapeoeesainggd

|n{8rnat|9£h a specific time-base relationship.

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

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

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

A detail of the authoring system is disclosed

25 Japanese Patent Application filed September 27, 1996, and



14 Novenber 2002 -58 5 10 and a cell information table. The cell playback
processing information conprises the processing infornatbgnﬂggﬁﬂ%9266é
er

reproduce the cell, such as the presentation time and nu
repetitions. More specifically, this information includes the cell block
node CBM cell block type CBT, seanl pl ayback flag SPF, interl eaved

allocation flag | AF, STC resetting fl-ag STCDF, cell presentation tine C
PBTM seanl ess angl e change flag SACF, first cell VOBU start address C
FVOBU SA, and the last cell VOBU start address C LVOBU SA. Note that

seanl ess pl ayback refers to the 15 reproduction in a digital video disk
system of nultimedia data including video, audio, and sub-picture data
without intermttent breaks jin the data or information. Seam ess pl ayback

i s descri be%F‘théléﬁlaPPdl RSFIGINRG ERCHRDSIRE 0ASFLOR L AS &hG REPSRRE 23
and Fig. 24. TT bl ock nbde CBM i ndi cates whet her plural 20 25 cells
constitute oMR++EH ?PBnaI bl ock. The cell playback information of each cel
in a functuﬁag bl ock is arranged consecutively in the PGC information. The
cell bl ock e CBM of the first cell playback information in this sequence

contai ns the val ue 05 g%ﬁgi §§Ié aﬂ%iéélbbgﬁﬁo andy hg {pck node

CBM of "t he | ast cell romat 10N 1N this sequence ¢ ntalns t he

val ug of ”‘@n%\%%né%écb?d&'ﬁ @xﬁ%ceTh@ @iﬁgpéoskdaadgv@ﬁ%gf R G |

arrayed venber 2002 -59 between these Tirst and last cells contains
a value indtqfing.that the cell is a cell between these first and |ast
cells in that block. The cell block type CBT identifies the type of 5 the
bl ock indicated by tmRec®VD Memdeddrde B ukoRCexdanplthe phrefexrvad tipl e
angle function is enabled, the cell information corresponding to each of

t he reprodmmmw@nmmgtegflthprogmmmﬁawnm;anrxﬁeﬁh@ fdahat Feaakdhngcks

menti oned above, and the type of these functional blocks is 10 defined by a
val ue i dentﬁ‘-f%ﬁ%fbe "Byl BO Fﬁdt ﬁé’o@el‘”’lhllﬂrb&{“t%/p@ Ceritbencan® EeprA PY t hat

bl Th | ayback fl SPF tes wheth th
co?fctspongl%gl %’?’?gs a? rggeﬁf“n%%d ¥ rrp i‘?%e ﬁ%gs?gg'v\FPﬁeFl’ré‘gcel I

or_cell Ol g8k renrodged-d ngmr%@f%tcee' zasaher%?egao‘g;angolgyw 888 s
also provided on the back of data recording surface RS1.
The side oé the disk on which protective layer PL1 is
provided is therefore referred to below as side SA
15 (commonly "side A"), and the opposite side (on which the
backing layer BL1l is provided) is referred to as side SB
("side B"). Note that digital video disk recording media
having a single data recording surface RS1 on only one side
such as this DVD recording medium RC1l is commonly called a
20 single-sided single layer disk.
A detailed illustration of area Cl1 in Fig. 4 is
shown in Fig. 5. Note that the data recording surface RS1
is formed by applying a metallic thin film or other

reflective coating as a data layer 4109 on a first

25 transparent layer 4108 having a particular thickness T1l.



cell with the preceding cell or cell block, the seanm ess playback flag SPF
is set to 1l in the cell playback information for that cell; g SPF
is set to 0. The interleaved allocation flag | AF stores ghggﬁ%@ﬁ%ﬁ?dﬁ?
identifying whether the cell exists in a contiguous or interleaved bl ock.
If the cell is part of an interleaved block, the flag AF is set to 1;
otherwise it is set to 0. The STC reéérting flag STCDF identifies whether
2~ the systemtine clock STC used for synchronization nust be 14 Novenber
2002 - 60 reset when the cell is played back; when resetting the system
time clock STCis necessary, the STC resetting flag STCDF is set to 1. The
seamnl ess angl e change flag SACF stores a 5 val ue indicating whether a cel
in a nulti-angle period should be connected seam essly at an angl e change.

| f the anglBhithafigesktstreasbpesent Heaysan 288 ahgbefvhatgdent ag SAEGF is set
to 1; otherwise it is set to 0. The cell presentation time C~PBTM expresses
the 10 cel Ippeeeehiyei dayernBLdi-t h &/ iSRIPIF dHE2pFReT shbnsSubsEraitesd 134 |

VOBU start address C FVOBU SA is the VOBU start address_of the first cel
in a bl ock,°hnd FRigkegsExPrefSOFAONT AR ARk iDH LA¥CFoFId s88F0r of

he {17st CellLu,Le, VT8 ! Phe VOZS (VISTT VRS Be FEgguredyta by the
st 2000 oBF, PnPEYACTRVRE, b, ISP ol ygeR (1S R 58 s
VIS title YOBS 20 (VESLITHEBRYy asy@asii £8 Pyr ! PeiALTRE" a0k i8RCHAbe1
may also be disposed on the second transparent substrate
4111 as necessary. The printing layer 4112 does not
usually cover the entire surface area of the second
10 transparent substrate 4111 (backing layer BL1l), but only
the area needed to print the text and graphics of the disk
label. The area of second transparent substrate 4111 to
which the printing layer 4112 is not formed may be left
exposed. Light reflected from the data layer 4109
15 (metallic thin film) forming the data recording surface RS1
can therefore be directly observed where the label is not
printed when the digital video disk is viewed from side SB.
As a result, the background looks like a silver-white over
which the printed text and graphics float when the metallic
20 thin film is an aluminum thin film, for exanple.
Note that it is only necessary to provide the
printing layer 4112 where needed for printing, and it is
not necessary to provide the printing layer 4112 over the

entire surface of the backing layer BL1.



The VIS title VOBS (VISTT~VOBS), i.e., the nultinedia systen1strean1data

i s described next. The system stream data VISTT VOBS conp %gﬁﬁé?* gépy

is a natural nunber) system streans SS, each of which is erred to as
a "video object"” (VOB). Each video object 14 Novenber 2002 -61 VOB #1 -
VOB #i conprises at |east one video data block interleaved with up to a
maxi mum ei ght audi o data bl ocks and 3{p to a maxi mum 32 sub-picture data

bl ocks. Each vi deo object VOB conprises q (where q is a 5 natural nunber)
cells C#l - CHq. Each cell C conprises r (where r is a natural nunber)

vi deo object units VOBU #1 VOBU #r. Each video object unit VOBU conpri ses
plural group of,pictures GOP, and the audio and sub-pictures 10
corresponding to the playback of said plural group _of, pictures GOP. Note
that the group_of piactdstesl XadP Thiustpanilent oft Arewi €20 iendidy.ngs reér esh
cycle. Each video object unit VOBU al so starts with an NV pack, i.e., the
control daskewnrinhiigvoBl. FitEhernsd riands exd noddadyitgathen guamienn NV i s
described with reference to Fig. 18. Before describing the navigation pack
NV, the i mentaftssraépagrebstwaan ihed e WARSRAreng. laypr 4108 the

system stream St 35 _encoded by the authorj 20_encoder, EC described with
ref erence 3R FFRe 982 dayeLc AlRSd QR E'eg%hr SN YN EF. 9282 MGt 93kt t he

ded vid St | Fig h
ﬁﬂéﬁ’d?m&ﬁ%{?“éfﬁﬁ% Dt aS8tr BARL MU0 ANy AT U7 GeRCBREBHCPY300, The

encoded aygli @%%%93%606 g;wp%.ecst %%&%@H&ésf}ﬁ gne- g, ;engiang)

audio data s
of the intervals between the pits). More specifically, the

pit and land configuration formed on the first transparent
layer 4108 is transferred to the data layer 410S8. The
10 lengths of the pits and lands are shorter, and the pitch of
the data tracks formed by the pit sequénces is narrower,
than with a cpnventional Compact Disc (CD). The surface
recording density is therefore greatly improved.
Side SA of the first transparent layer 4108 on
15 which data pits are not formed is a flat surface. The
second transparent substrate 4111 is for reinforcemént, and
is a transparent panel made from the same material as the
first transparent layer 4108 with both sides flat.
Thickness T1 and T2 are preferably equal and commonly
20 approximately 0.6 mm, but the invention shall not be so
limited.
As with a CD, information is read by irradiating
the surface with a laser beam LS and detecting the change
in the reflectivity of the light spot. Because the

25 objective lens aperture NA can be large and the wavelength



-62 nultiplexing the right and left stereo audio channels encoded by the
audi o encoder 700. Note that the audio signal shall not bﬁ Bi”ited:ﬂﬁ a
stereo signal, and may al so be a mnultichannel surround-so % °£?B%§|. % The
system stream (title editing unit VOB) St35 is a one dinensional array of
packs with a byte size corresponding to the logic sectors LS #n having a
2048-byte capacity as described usi-n¥f Fig. 21. A streamcontrol pack is

pl aced at the beginning of the title editing unit (VOB) 10 St35, i.e., at

t he beginning of the video object unit VOBU This streamcontrol pack is
called the "navigation pack NV', and records the data arrangenent in the
system stream and ot her control information. The encoded video stream St1S
and the encoded 15 audio stream Stl9 are packetized in byte units

corr espondl ngft theha ightt drazst reeanl patksa dhgdtapavides arieskshoytem, Fi g.
17 as packets V1, V2, V3, V4... and Al, A2, A3.... As shown in Fig. 17,

t hese packelbs diemeteer lodavdre ihighle sipptopsi asedseane bee rasiusyesl e st r eam
20 St35, thus formng a packet stream wth consideration given to the
decoder buiperoximatgdy {d 46 e ehifhedspytt Reededoder reade @B t he

vi deo and audi o data gackets. In the exanpl ¢ shown in Fig. 17, the packet
stream i s ¥ot@rFRatedbis Meerseddtheesalutpon gt the yasexpbeam LS 4in

Novegnb 2002 - Note that th ! h in_Fi 17 interle
\PugToer 2962 553, ML e S SR U, H ek P

recordi ng/ Igg};@éﬁr_%ggg%% ,__’Js;sqgf_peed recordi ng/ pl ayback, and performance

i nprovenents 1n nal processing LSI enable the DVD systemto record
plural audio data arggpl |l Suhs e ed i s 8@t 8o ( gE2RNEGES 2034 ne video
data unit in a single i r?t'ﬂer c:eave MPEG s?/stem stream ar?d t her T.e“g-ﬁ/é)enabl e

the user tpigetLLtvifeospgeki e d Griid e8d shibpdieishgrdatagt o be
reproduced 10 during playback. The structure of the systemstreamused in

this type smidMnhsystesm Lasshoemd rrfFicp]ed: sl Tessrwbed hebow. mAs in Fig.
17, the packetized encoded video . streamStlSis shown in Fig. 18 as Vi,
V210 v3, VAaperture NXE.thBy tkaspldschowdiuging here tsickbessasT offetaecoded
audio stream St19, but three encoded audio streans Stl9A, St19B, and Stl 9C
i nput as tiransparentapanelBete &6 AMso MAKe dHvvted GRIboHi dabrecenr bans

Stl 7A and Stl 7B_i nput as the source data su,baé%j cture streans, These siXx
conpr esse® YRS JBP sPreafisdespisa 320gAM Sagetedi |rticR] 7Aigke St17B, are

interleaved to a EL%gJe s¥%%§n1 treamSt:"i?5.]h The video data i s encoded
according to the $Be AL 6 RASTH 1R 7 Uh°5F PPELOPeRiEESTSei ng

th it of . i I i 25 t ai
15 1 anes WD cafeoty BRVRBECHE. mxEResl b e o ERe FRLR05 188,
spgrific Wrdf%\}ﬁ%ﬁn@§d€8ngﬁgﬁsg§stt%m0@ﬁs@%i‘tﬁmd@i'f@éfn?T{'ﬁa Lream

managenent pack, descri bes thé nanagenent data containtng, for

exanpl e, therehpthanshi® BrEWeeBragketheavadydaif.a isiMsa-dieq! eaved at
the GOP 5 unit interval. Because the group-of _pictures unit Is based on

t he vi deo sdaicAl e-chayg Nge ¢ bEd DHELREARhimv RER0 WitdmRS: ¢ &Ta EDOR- abF+da Cha@nges
the interval of the stream managenent packs. This interval is expressed in
terns of tshefrasashtasnthiuaedeactrhiibedi dist alearilged et dkimeg hilne a
storage capacity of a conventional CD. As a result, while
20 the video presentation time of a conventional CD system is
approximately 74 minutes if image quality is sacrificed,
high quality video images with a video presentation time
exceeding two hours can be recorded to a DVD.

The digital video disk is therefore well-suited

25 as a recording medium for video images.



10 range fromO0.4 sec. to 1.0 sec. referenced to the GOP unit. If the

presentation time of contiguous plural GOP units is |ess t he
managenent data packs for the video data of the plural Gﬂ%qﬁﬁPﬁgéfgoez

interleaved to a single stream 15 These managenent data packs are referred
to as navigation packs NV in the dlgé§ vi deo di sk system The data from
one navi gation pack NV to the packet”7medi ately precedi ng the next

navi gati on pack NV forns one video object unit VOBU. In general, one

conti guous playback unit 20 that can be defined as one scene is called a

vi deo obj ect VOB, and each vi deo 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. 14
November 2002 -65 WiendpgiFal Uﬂdﬁﬁbgéﬁﬁﬂ§£§9§4%ﬁﬁ %?%1PﬁtEiFBa9éHraﬂhe

navi gati on packs. NV defipning the rel gtions bet ween the interleaved packs
nust al so @qorﬁde‘r’?%ai)‘é‘ﬂp%ﬁg% %%f?ﬁe eﬁﬁf':'t1 AE the ‘1'(“ MRt 9%- unit .

h | .
sec. of Vi dedBai vRIoPYS SareRt a¥, Rl SR RMNY, SR Tequl rod
f 12 - | d
mf{h t he nu%ﬁ?ygﬁéda a pa&%ﬁgq g;ﬁ??ggéggﬂNgdiiﬂ. g%g%enéégégA ?xg The
Str%ﬁ”‘”an%%?ﬁﬁgé'ﬂgf”ﬂq?'éthEE%§£Q§QrthtQ%cbﬂﬁegé%EEaiﬁﬂ2?%? £audi 0,

and sub-picture data packets constituting the system stream- escri bed

bel ow wi t h pisef erNahd Garid s dfe Asi s8OWBilB Bhg. o¥dtnicheidat.a Haepris ned
in the systen1strean1|s recorded in a format packed or packetized according

to the MPEG2 stiamdaraheolsl pankedrdéd uct ureprsdeaseanitra tHewe ame for

vi deo, audi o, and sub-picture data. One pack in the digital video disk

syst em has raceodd gy tseirfagees thy ass tegcdl bédrabbvéasand b2@msodiSdi md pack
header PKH and one packet PES; each packet PES contains a packet header PTH
and data b§2k £oFh&hsadd ietaRkacudingcorasarReRBLNRNGt this Slecomst pack i s

to Be sent from_stream buffer_ 2400 to sgs f
recording surface RS2. so possible to read/write

both recording surfaces RS1 and RS2 using only one of the
laser beams LS1 or LS2. Note that recording media thus
comprised are called '"single-side, dual-layer disks."
It should also be noted that while two recording
15 surfaces RS1 and RS2 are provided in this example, it is
also possible to produce digital video disk recording media
having more than two recording surfaces RS. Disks thus
comprised are known as "single-sided, multi-layer disks."
Though comprising two recording surfaces
20 similarly to the recording media shown in Fig. 7, the DVD
recording medium RC3 shown in Fig. 8 has the recording
surfaces on opposite sides of the disk, i. e., has the
first data recording surface RS1 on side SA and the second
data recording surface RS2 on side SB. It will also be

25 obvious that while only two recording surfaces are shown on



decoder 2500 (see Fig. 26), i.e., the systemclock 25 reference SCR

defining the reference tinme for synchronized 14 Novenbe -
audi o-vi sual data pl ayback. The MPEG st andard assunes tha‘4@g@§@V§?Q§?clock

reference SCRis the reference clock for the entire decoder operation. Wth
such disk nedia as the digital video disk, however, tinme managenent
specific to individual disk players 4hn be used, and a reference clock for
t he decoder systemis therefore separately provided. The packet header PTH
simlarly contains a 10 15 presentation time stanp PTS and a decoding tine
stanp DTS, both of which are placed in the packet before the access unit
(the decoding unit). The presentation tine stanp PTS defines the tine at

whi ch the video data or audio data contained in the packet should be output
as the pl aphackiigitt@alt afder deskhginetbisdexanglehe mdewodiitan ttwe st anp DTS
defines the time at which the, video stream shoul d be decoded. Note that

t he presenreterdingmsufanePTeefdbedibel jountinen wrhelcdiksls-oyidedrt
timng of the access unit, and the decoding time stanp DIS effectively
defines théigétsdi vddamrdishm s ofithethecEssorAing medivm FrWNALIDTS
are the sane tine, the DISis omtted. 20 The packet header PTH al so
contains afiig:bi’r fitel’F EGAIXPIFARIF 5P PEPY 48RL FI'Qi REPAFE tRadiasten ype,

2 o7 vat o PRERBL LB S o Bt GRIAE SCIRRBTONBYr 20037 BB 1Y
I R Rt S L el

used to P%ixgﬁedEas@% pednller Ndah dhe: MIEG apgh @ thgi Egt%ﬁdﬁﬁ}&é’om cture

data; private packet 2 carries the PCl packet and DSI pa rivate
packets 1 apgk2igaeh1q@@ id SRicuackaiadieadaial PLayateadakanar ¢d and data

area. The private data area contains an 8-bit sub-stream|D indicating
whet her th&lso be obvious that a double-sided digital video disk can
10 be comprised with two or more recording surfaces per side.
This type of disk is called a "double-sided, multi-layer
disk."
A plan view from the laser beam LS irradiation
side of the recording surface RS of the DVD recording
15 medium RC is shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording track TR is provided from
the inside circumference to the outside circumference of
the DVD. The data recording track TR is divided into
plural sectors each having the same known storage capacity.
20 Note that for simplicity only the data recording track TR
is shown in Fig. 9 with more than three sectors per
revolution.
As shown in Fig. 9, the data recording track TR
is normally formed clockwise inside to outside (see arrow

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



10 recorded data is audio data or sub-picture data. The audi o data defi ned

by private packet 2 may be defined as any of eight types o J near
PCM or AC-3 encoded data. Sub-picture data may be defineaﬁggwgﬁéeg%mtp to

32 types #0 - #31. 15 The data area is the field to which data conpressed
according to the MPE&Q specification is witten if the stored data is video
data; |inear PCM AC 3, or MPEG encofiéd data is witten if audio data is
stored; or graphics data conpressed by runlength coding is witten if 20
sub-picture data is stored. MPE&-conpressed vi deo data nay be conpressed
by constant bit rate (CBR) or variable bit rate (VBR) coding. Wth constant
bit rate coding, the video streamis input continuously to the video buffer
at a constant rate. This 25 contrasts with variable bit rate coding in

whi ch t he iidemumfdrenpeenbedig2BORCAGE ostthemamuts idpuendnpeintt Oéntaty to
the video buffer, thereby making it possible to suppress the generation of
unnecessar \thodrit Bede edvrsuafersncer gfe iRl 234 apteh biher diekc&&tng can

be used in the djgital video_disk,system 5 Because MPEG video_data is
conpr essed HRRAEAAF | GHPRELERYPAXWIFPN A he TS HRMt Py 1 RReBER dSoup

f_pict | t . _Jhe_vid d audio decodi ti I

G Tler,  andATiPd Ak bASEVE B ot Bhen P oo o B T 1IcEE &7 SBBF6Sat o
f ' di 0 AT ti hi p bet th

i deb ond AMARGECe CtEbted R oA PRRPAEETREAG A OIT e et hod of

ti me- base synchroni z?ggeﬁggnPLQEQna%ea%ﬂf_@g@igﬁ’ _t@ﬁée}g&gfgg_ﬁgéi bed in

detail belowwth re ence ig. 26, but is described brierly | ow

based on canstANtiTRE tnahp Bat LosRdanglothe iBaYirgaind Yutaitke Vo SipychEre is
shown in Fig. 20. Each 'navigation pack NV starts with a pack header PKH,

and cont ai relrefepacket (sod ASopaDkBt inAFidesan)beitabosies dBespaek
header PKH records 20 the tine at which that pack is to be sent from stream
buf fer 240@nd wisteRleacbdene 2600s fdeechrgunZgrende @f diwk sgeBetrocl ock
reference SCR defining the reference tine for synchronized audio-visual
dat¥ pl ayb4dile insigleN®rehireinrpoPB-a8Y thehipelidpaSiacunfmrzanee PFCE thRer al

Information (PCIl G) and Angle Information for Non-seanl ess pl ayback gNI\/BL
AGLI) . Theisd vaddetde |4ﬁ%f MRER oFCERELNE FlRckMASEs KR dikgfayse the

recording track appears to wind counterclockwise when
viewed from the inside circumference to the outside
circumference on disks with the recording track formed in
15 the direction of arrow DrB, these disks are referred to as
counterclockwise disk RCB with counterclockwise track TRB
to distinguish them from disk RCA in Fig. 9. Note that
track directions DrA and DrB are the track paths along
which the laser beam travels when scanning the tracks for
20 recording and playback. Direction of disk rotation RAA in
which disk RCA turns is thus opposite the direction of
track path DrA, and direction of disk rotation RdB in which
disk RCB turns is thus opposite the direction of track path

DrB.



5 tinme of the first video frane (the Start PTM of VOBU (VOBU S PTM ), and
the display tine of the last video frane (End PTM of VCBq4ﬁgQPUtFr§§32)’ in
t he correspondi ng video object unit VOBU with system cl ock PELTE 9
KHz). The Angle Information for Non-seam ess playback 10 (NMSL AG.I) states
the read start address of the correspondi ng video object unit VOBU when the
angl e i s changed expressed as the no#Ber of sectors fromthe begi nni ng of

t he video object VOB. Because there are nine or fewer angles in this
exanple, there are nine angle 15 address declaration cells: Destination
Address of Angle Cell #1 for Non-seam ess playback (NVMSL AG._C1-DSTA) to
Destination Address of Angle Cell #9 for Non-seanl ess playback (NMSL AG C9
DSTA). Each DSI packet contains DSI CGeneral Information 20 (DSI GQG),

Seam ess Pl ayback | nhor exiplenieSMidBl9f tine funghdetsidedyt idua f-arayeenn ess
pl ayback (SM. AGLI). The DSI Ceneral Information (DSI G) declares the
address of diwk|RE2 phewni ant Fédvi ded solfghan s tAVEBURCRo én, Filge Hrid
Address for VOB (VOBU-EA), expressed as_the 14 Novenber 2002 -70 nunber
of sectors N?%?n'@lh%tb'ébﬁnﬁﬁﬁ@réﬁ-nﬂhér\ﬂ% Smad i theoBve wecPgdiden ess

pl ayback is described in,detail 5. 10 ter, it s be_noted that the
cont i nuous|S* éhﬁﬁﬁaf%nuﬁptgpﬁﬂ?ﬂtﬁedﬂﬁﬁﬁ'%ﬁﬂﬁﬂj(?Rﬁ?% fE3LLY s af the
syst n1stre l.evel as_an_Lnter d I U in order to_seamnl _essly.
o Sihee CIRALe FefReathe! FERLRITMA el hedd B e Do PER e G R R ¢ 1

the int erI &V S I t t e

interl eave cﬁékéﬁu S%%%?%{éggﬁ g? agé s or(nlgc{“feo% %ﬁ%é?él s decl ared
to sean es%lé’céﬁi Us@r £ i8e SRE AN AL g E%%\ﬁ%‘ér‘@ltctbﬁvhfsé r%@ééf-&iﬁg uni t
ILVU as the smallest data unit, and contains an Interleaved Unif ag (ILVU

flag) identidadinarametbened hen CophaspeBdbetwisee @ HiEston s VEBUShs AN
interleaved bl ock. The ILVU flag indicates whether the video object unit

VOBU i s in ian Big erlealedbboidedand thesdéuppber) wetorid dsta Goesmiisagt he
ILVU flag is set to O.

10 surface RS2. As a result, the outside end points 0A and OB
of the first and second (top and bottom) tracks are at the
same radial position relative to the center axis of the
disk RC20. Note that track paths DrA and DrB of tracks TR
are also the data read/write directions to disk RC. The

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

Opposite track path type, single-sided,

20 dual-layer disks RC20 rotate in direction RdA corresponding
to the first recording surface RS1 with the laser beam LS
traveling along track path DrA to trace the recording track
on the first recording surface RS1l. When the laser beam LS

reaches the outside end point OA, the laser beam LS can be

25 refocused to end point OB on the second recording surface



When a video object unit VOBUis in an 20 interl eaved block a Unit END
flag is declared to indicate whether the video object un| *{ | ast
VOBU in the interleaved unit |ILVU Because the interleave un|t % Is the
data unit for continuous reading, the Unit END flag is set to 1 if the VOBU
currently being read is the | ast 14 Novenber 2002 -71 VOBU in the
interleaved unit ILVU. Oherwi se thd3Unit END flag is set to 0. An

Interl eaved Unit End Address (ILVU EA) identifying the address of the | ast
pack in the ILVU to 5 which the VOBU bel ongs, and the starting address of
the next interleaved unit ILVU Next Interleaved Unit Start Address
(NT_I'LVU SA), are al so declared when a video object unit VOBUis in an

i nterl eaved bl ock. Both the Interleaved Unit End Address (ILVU EA) and Next
I nterl eaverRsntd Sbatink8 Addedss HME IMaddSMInarerexRr €ssed the tfiestinber
of sectors fromthe navigation pack NV of that VOBU. Wen two system
streans areosthel sesbydcoapertddgbsurtiacauth ntenpeptatls offhiehe two system
streanms are not contiguous, particularly inmrediately before and after the
15 seam |mhysm@be@sa‘c9nce batveerh&naudiartd by tvackscARdnand TR audi o
and vi deo conponents of the systemstreamfollow ng the seam_ Note that

non- contlgﬂ%u%h%uﬁ%ﬁﬁﬁaﬁn@e§ﬁFPnﬁrSmHQHQ%ﬂﬁﬂﬁu%ﬁﬁﬁﬁﬁsgéﬁaﬁ§dbgﬁﬁgcan

el 6 e AR oL R T S ey EPHoTy IS AIARRDIY S maLY \RSuaHInG Ehe AC 3
audio fra C cIe c.,. To_enable this resynchroni zation, audio

rgp:oductgﬁﬁ ?op%'ﬁg +%%§r bgﬁﬁ ;@ i e.,IAudioyStop P%Q 1Iin VCE EVCB A
STP PTML), and Audlg S&9ptg£¥%$°%a%g%§§igf@x&fiéﬁ P%§8551EQdEEQE ng the

time at which the au iois 2002 paused; an audi o

repr oductllpm; Q%péngsﬂ?éle§léeéndd3a1'—l% erldisk Gadpdepgdtadiip VOB (VOB
A GAP LENI) dio Gap Length 2 in VOB (VOH A GAP LEN2), indicating for

how | ong thwocerh ocnés *éched paysedachie ddlsposier tay gshy#iSatipe DS packet .
Note that these tinmes are specified at the systemclock precision (90 kHz).
ThH)Anm<3diﬁmremaitnpfamdSbantemsrpbayﬁa@b EEMfaked )aslex| ateglehe read
start address when the angle is changed. Note that this field is valid when
seanl ess, dantinuduangeording okrackenablteds thierefiresslss poseikkeressed

as the nunber of sectors fromthe navigation pack
in an authoring system as deScribed above with reference to

Fig. 1 to continuously record the multimedia bitstream MBS
that is the largest multimedia data management unit to two

15 discrete recording surfaces RS1 and RS2 on a single
recording medium RC2o0.

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

20 track TRB may be provided on the first recording surface
RS1 and the clockwise track TRA on the second recording
surface RS2. In this case the direction of disk rotation
is also changed to a clockwise rotation RdB, thereby
enabling the two recording surfaces to be used as

25 comprising a single continuous recording track as described



NV of that VOBU. Because there are nine or fewer angles, there are nine

angl e address declaration cells: Destination Address of for.
Seam ess pl ayback 15 (SM. AG. Cl DSTA) to Destination Adgf‘gggveﬁ%&r%ﬁ% Cel |

#9 for Seam ess playback (SM. AGL C9 DSTA). Note also that each title is
edited in video object (VOB) units. Interleaved video objects (interleaved
title editing units) are referenced4ds "VOBS'; and the 20 encoded range of
the source data is the encoding unit. DVD encoder A preferred enbodi nent of
a digital video disk system authoring encoder ECD in which the nultinmedi a
bit stream aut hori ng system according to the present 25 invention is applied
to a digital video disk systemis 14 Novenber 2002 -73 descri bed bel ow
and shown in Fig. 25. It will be obvious that the authoring encoder ECD

appli ed toapgdee di grbal sYingeqa rdicsle inrst emsunefesr edkanpbel ew agsia BYBe
encoder, is substantially identical to the authoring encoder EC shown 5 in
Fig. 2. Thsr hassk ilsftreeacterkeneddmaheaedmwencosierdessribedr ppliagenent in

t he DVD encoder ECD of the video zone formatter 1300 of the authoring
encoder EC above wi Th dsVEBensfoare 1099s Hplle f oy nbhter céh8brukctiwid Ithed so be
obvi ous that the bitstream encoded by this DVD encoder ECD is 10 recorded
to a di gi tGigitakoviider #ddakulPMrerexr vt gtedp seDvEEEaaBdNBSECD i s
t herefore described below in conparison with the authorjng encoder EC

destri bed &0V, featrRerhengbly & i&denda fy SRR ORRES1HR BRREHi R§tHystem
056, °at S ISP, Chatidafleh R head! cardi Songt b S
controls % tbo ik BaLy VB8 iR e e SRR o Ehe ¢ oder
hotruct | i A SE b i G BppBB e s | The odi t1 g
instructions of theaagtheti egapRedeyr Ehdlasicidhed ahaye. aSpecibed |y, the

user-defined editing

10 DVD recording medium RC2 shown in Fig. 7 is shown as disk
RC2p in Fig. 12. The recording tracks formed on both first
and second recording surfaces RS1 and RS2 are clockwise
tracks TRA as shown in Fig. 9. In this case, the
single-sided, dual-layer disk RC2p rotates counterclockwise

15 in the direction of arrow RdA, and the direction of laser
beam LS travel is the same as the direction of the track
spiral, i.e., the track paths of the top and bottom
recording surfaces are mutually parallel (parallel track
paths). The outside end points OA of both top and bottom

20 tracks are again preferably positioned at the same radial
position relative to the center axis of the disk RC2p as
described above. As also described above with disk RC2o0
shown in Fig. 11, the access point can be instantaneously

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

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



instructions (scenario data St7) in the DVD encoder ECD 25 simlarly
descri be what source data is selected fromall or 14 hbMFNgﬁén&Qg% 274 a
subset of the source data containing plural titles within a define PIWE
period, and how the sel ected source data is reassenbled to reproduce the
scenari o (sequence) intended by the user. The scenario data St7 of the DvVD
encoder ECD, 5 however, further contagps such information as: the nunber of
streans contained in the editing units, which are obtained by splitting a
multi-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 10 sub-picture display tine and period; whether the title is a
multi-rated title enabling parental |ock control; whether the user content

i's sel ectedd OrBI'Pli'TL]ig%'%?ééﬁé‘”fei:_e?liliﬁjmig“%uzfﬂcéxl@@?|By ggb&baﬁa\@eﬁlgang

angl es; and the net connecting scenes when the ang ISTSWtc

among the 134¥ddtiRe tHeM BSudngketheThe SGensdd® 0at at Sbit 8k akhendvD
encoder ECD al’'so contains control information on a video object VOB unit
basis. Thispogify ma.ion is required to encode the nedia source stream and
specifically includes such informati on 20 as whether there are nmultiple
angl es or parental cditwevetgeaforeshe\iexrsamllegheLangbecentinngusiy

enabl ed, the scenario data St7 al so contains the encoding bit rate of each
st r edm consg@eissy tdet £lonkvizavr agoadd noh&rdicdk TRipawn tyhetdecondrt and
end tinmes of each control, and 14 Novenber 2002 - 75 whether a seani ess
connect i on SRGOFGING FFL a8 RSN t BRepFECOFHEDMEG BIT FF Y BEFEakE. The
encodi ng sy his information fromthe scenario

data St7, aﬁtﬁelg]&%’glgg{ %?[éggﬁé%&&%gf; SF‘rTe(ﬁl(?r?qiTi’%?b?e_e' dTRPRFLBABI ng
parareters BSAlAed! Mreodasbrentiobn Th SR ERLIT et e,
29 bel ow. Theg -3ty gam-EREOdig, A2, SE835c0RhAIFRS LG SHY GHange the
10 rotational direction of the recording medium. As shown by
the diagonal arrow in Fig. 12, the laser beam LS is
therefore moved from the outside end point OA of the track
on the first recording surface RS1 to the inside end point
IA of the track on the second recording surface RS2 to use
15 these physically discrete recording tracks as one logically
continuous recording track.

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

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

Note that if the direction of the tracks formed

25 on the recording surfaces RS1 and RS2 is opposite that



10 stream encodi ng paraneters and system encoding start and end tim ng

val ues required by the DVD systemto generate the VOBs. Tﬂpﬁgve%%tr%ﬁbgtream
encodi ng paraneters include the conditions for connecting oné Video 0O

VOB with those before and after, the nunmber of audio streams, the 15 audio
encodi ng information and audi o Ids, the nunmber of sub-pictures and the
sub-picture Ids, the video playback ggarting tinme information VPTS, and the
audi o pl ayback starting time information APTS. The title sequence control
signal St39 supplies 20 the multinedia bitstream MBS formatting start and
end timng information and formatti ng paranmeters declaring the reproduction
control information and interleave information. Based on the video encoding
parameter and 25 encoding start/end timng signal St9, the video encoder

300 14 Negggggpeao%o-v;eﬁ engodesy ﬁ@&f&ib&k&éﬁ% %é%%g&%&sam St

to generate an ement ary ‘stt'eam conform ng to t standard

defined i nph§0:138%3rmBd S £l SORIPAF ¥t Sbh CABMAInQUER athd ' stream
buf f er 400T§§ encodegnbideo stream St1S. 5 hbtenthat whi | e Fﬁ%wegﬁgo

encoder 30Qegepebaliesbavee|BRptrfostitieand Lo8E0LBhNe ft @ ildxe PRI M deo
standard defined in | SO 13818, specific encoding paraneters are input via

t he vi deo whtoHi g paveisticre Fsgyrstiowst By | actrowi RGBL he encodi ng start and
end timng, bit rate, the 10 encodi ng conditions for the encoding start and
endy the material tWhethierlusling ehetheisehernspanitardlociwigsC or PAL
video signal.or telecine converted material, and whether the encodi ng node
is set forreferdingpsrachs othd ¢ lErs Hrddi Agaliiayry NRER2 Rt ng

nmet hod is basjically_an_interframe coding nethod, using the _correlatjon

bet ween fr%heR PB¥2haRintraskgRRthoiitR Go7eTiPed, iehwetdastifadhdoded

(the target,_frane) is_coded.by r.eferenci fr@nes bgfoue.ﬁgd/or after the
target franeor tHBfefBrd 54791 SASKEPFhueedtd and SEPIAAL that are coded

based I ] t qat : L ' t id
crror proptuhtBeEa BTk R the e s AP B e R R cove).

Thep codi NG LBhe LM 2 ANNGaRac@dS b e ddd F a- coded frame 25
("intra-frame™) i1s talled a group-of pictures GOP.
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
15 recording track TRA is provided on the one recording
surface RS1, and a counterclockwise recording track TRB is
provided on the other recording surface RS2. As in the
preceding recording media, the outside end points OA and OB
of the recording tracks on each recording surface are
20 preferably positioned at the same radial position relative
to the center axis of the DVD recording medium RC3s.
Note that while the recording tracks on these
recording surfaces RS1 and RS2 rotate in opposite
directions, the track paths are symmetrical. This type of

25 recording medium is therefore known as a double-sided dual



14 Novenber 2002 _77_ A group_of pictures GOP in which coding is closed
conpletely within that GOP is known as a "closed GOP. " 8ﬂmﬂﬁﬁﬁabftures
GOP containing a frane coded with reference to a frame in a preceding or
following (1SO 13818 S DOES NOT LIMT P- and B-picture CODI NG to
referencing PAST franes) group of pictures GOP is an "open GOP." It is
therefore possible to playback a cloged GOP using only that GOP.

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

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

d [ des. .Hi d A ' j d.i h.
by T opr ocUGPHG O HE Fht FE PP RRECEGaSd AR5 o CF 7oRy Fep BBt ng
T eproducts | . .
par ot or - Sa 8 S5 TEH, SEPnPE-anaan R 40 BRI e ot

of the SUb'igii gtiwe%ﬁ{]dﬁ%ﬁtéhéﬂ geneL Ay v A Allite | SNA Y codsdabhyst ream

of bitmapped data. This variable |Iength ™Ccoded bitstreamdata i s outplt as

the encodedy$#aci ®gire <& eamSehitt othle tHalekigdiH ersttieans @dokaf f er
600. 14 Novenber 2002 78 _ Based on the audi o encodi ng paraneter signal

St13, the gediorddmneodarnr ffe cREPden adhepeppbisd trpardidd isheoppmel Dtsttleam St 5
to generate the encoded audi o data. This encoded audi o data may be data
based on t HdérEREGbraldiB #n swahdar thdetracy WANdsQ 1l.Er2, ahid¢d¢teiMPER
audi o standard defined in |1SO 13818, AC-3 audio data, or PCM (LPCM data.
Not e that PHA.neRE6ES STy el BECeREdAPnFUrddeIRT ArbRAHhFPI T ese
standards are known and _commonly, avajl able. 10 The vi.deo stream buffer 400
i s connect 8dNga et R@SErRE M IeRiet S 3BPCRRICES NRE &/ddiSTdSyst em control | er

200. The vi,deo strea 0 stores the encoded video stream Stl5 input

buf 4
fromthe viGEGSERE dg% 3 %hgﬁ %ﬁt%ﬁ??sfhéssE%P A EYESdEF vi deo stream
Sthg as thgoELQEEQQBﬁW%§. In addition, a multimedia bitstream MBS is

separately recorded to the recording surfaces on the first
~and second sides of the disk.
A different example of the double-sided single

layer disk RC3 shown in Fig. 8 is shown in Fig. 14 as disk

15 RC3a. Note that this disk comprises clockwise recording
tracks TRA as shown in Fig. 9 on both recording surfaces
RS1 and RS2. As with the preceding recording media, the
outside end points OA and CA of the recording tracks on
each recording surface are preferably positioned at the

20 same radial position relative to the center axis of the DVD
recording medium RC3a. Unlike the double-sided dual layer
disk with symmetrical track paths RC3s described above, the
tracks on these recording surfaces RS1 and RS2 are
asymmetrical. This type of disk is therefore known as a

25 double-sided dual layer disk with asymmetrical track paths.



15 encoded video stream St27 based on the timng signal St21 supplied from
the encoding systemcontroller 200. The sub-picture stre f IS
simlarly connected to the sub-picture encoder 500 and tg{%'ﬁéqeenc%glﬂﬁzg
system control |l er 200. The sub-picture stream 20 buffer 600 stores the
encoded sub-picture stream Stl7 input fromthe sub-picture encoder 500, and
then outputs the stored encoded sub-48 cture stream Stl7 as tine-del ayed
encoded sub-picture stream St29 based on the timng signal St23 supplied
fromthe encoding systemcontroller 200. 14 Novenber 2002 _7g_ The audio
stream buffer 800 is simlarly connected to the audi o encoder 700 and to
the encoding systemcontroller 200. The audi o stream buffer 800 stores the
encoded audio stream Stl19 input fromthe audi o encoder 5 700, and then

out puts thenercedrsh it e StdPeASatibr iiwh- dehawrat ncodad: akdi o
stream St 31 based on the timng signal St25 supplied fromthe encoding

syst em conprehlkeRGAR0 .r ot &y sitre M Breetton 9901 shednirecidthd ardtitei ng deo 10
stream buffer 400, sub-picture stream buffer 600, audio stream buffer 800,
and t he enendi fid rets revaraning|derf 209, Rend | Asr aspesuilys| ytheuptasd
thereby with the tine-del ayed encoded vi deo stream St 27, tine-del ayed
encoded supaphcbnr ¢hst semor® 2@ candingledayfdcenBsdednatidieo opposdhest 31,
and 15 the system stream encodi ng paraneter data St33, Note that the system
encéder 908ifle asnoPpofidecshehallnaftipn eRE8 LReVhipd- §8EafE@ck r eans
St27, St29, .and St31 based on the streamencoding data St33 (timng signal)
to gener at ¥1pAgle le@i-vi fFTEGHIEOY V) St35. 20 The VOB buffer 1000

tenmporarily stores the video ohj.ects,VOBs,produced by _the system encoder
900. The formatter T MRS 4 et y%dlglsﬁléoggﬁf‘eéss J\?O?ﬁﬁvcﬁﬂthe VOB

buf f 100 ( j | St tQ.. t

Vi deo zone P ENT aAde SRS Ve 1 ENCRLeT: 3008 CHpoif PASEARST Do
VFS t ] It |t i ' t [ '

b1 Lt ream TBe GAa o Ced achr g & & 1he et aui Tac RE, s BRO,,

semp to therdmr eaer datsidel cithammeeerias d20thyrosessescibeundetafice
multimedia streamdata St43 to the data stream St45 format of the recording

medi um M andthBusecendr gecoldiher mairtfatalRSe sthetin S1dest 6t Brer ecor di ng
medi um M DVD decoder 10 A preferred enbodi ment of a digital video disk
syst em authecongidgcuediubCBCi3a wairclpet Izeady vy iftem bitkowbatuantihgri ng
system of the present invention is applied to a digital video disk system
i s descri bbdeb@islw aNETsBHEN WilFhPrME. pzevrﬁi@%uﬁ%gﬁmn‘eeé@aer pepmappl i ed
to 15 the digital video,disk system referred to below as a DVD decoder
DCD, decod&STt kBeniFPi F2HFSE bitstream MBS edited using the DVD encoder ECD

Lol ne bser - det i ned ‘BeoRzAcl BEA g e et bE e Rae PR 350 o
e user. i | o
i gi tal vi Beb BFEKCTER SReVE-Tho"at i AP roet Thef b 8ECoder oop

b shown i S ErgY 5 RREMEFF AP AR, S5 2SR BaRh e, S SN ES SCoder
3801 (showpsag1380BokBibhE. to read/write both sides of the disk
without providing separate laser beams for each side if the
20 recording medium RC3a is turned over between sides, and the
read/write apparatus can therefore be constructed
economically.

It should be noted that this recording medium

remains functionally identical even if counterclockwise



14 Novenber 2002 -81 26) is used in place of the video decoder 3800, and a

reordering buffer 3300 and sel ector 3400 are di sposed bet hdeo
decoder 3801 and synt hesizer 3500. Note that the selectoﬂwgﬁgﬁhﬂgrgggﬁected

to the 5 synchronizer 2900, and is controlled by a swi tching signal St103.
The operation of this DVD decoder DCD is therefore described below in
conparison with the authoring decode DC descri bed above. 10 As shown in
Fig. 26, the DVD decoder DCD conprises a multinedia bitstream producer
2000, scenario selector 2100, decoding systemcontroller 2300, stream

buf fer 2400, system decoder 2500, video buffer 2600, sub-picture buffer
2700, audi o buffer 2800, synchronizer 15 29p0, video decoder 3801,
reordering buffer 3300, sub-picture decoder 3100, audi o decoder 3200,

sel ector 34 hesLzer PR VAR T-Yor asQu t efem ; and audi o
dat a out pﬁ%&?%]f-ényﬂ I'E%!?aég T%%gqbsi ;ﬁstreaéjné%rjc‘) uéggEgogg gg%%%gea

recordi ng 20-5Bgi Agde¥exUfida P Letytainghauteaeed iEIMdamds, a
readi ng head 2006 for reading the information recorded to the recording

medi um M and pr oduciagg didaehivl yaiead, stgaakrfeSvalassignal mrmwcessor 2008
for variously processing the read signal St57 to generate the reproduced

bi t st r eamsStHtem 26handby ther etuetzigen capacty eof 2008. recbsdiione mosd i 2002
-82 The reproduction controller 2002 is connected to the decodi hg system
control | erca2800ef easi i dhcrieased by using a multiple layer recording

surface is realized in multimedia applications whereby
plural video data units, plural audio data units, and
plural graphics data units recorded to a single disk are
reproduced through interactive operation by the user.

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

15 while retaining the image quality of the original.
Parental control

Content providers of movie and video titles have
conventionally had to produce, supply, and manage the
inventory of individual titles in multiple languages,

20 typically the language of each distribution market, and
multi-rated title packages conforming to the parental
control (censorship) regulations of individual countries in
Europe and North America. The time and resources required

for this are significant. While high image quality is



mul timedia bitstreamreproduction control signal St53 is supplied, and in
turn generates the reproduction control 5 signals St55 awi&%&%%b 02
respectively controlling the recording nmedia drive unit (notor f&&ﬁ and
signal processor 2008. So that the user-defined video, sub-picture, and
audi o portions of the multinedia title edited by the 10 authoring encoder
EC are reproduced, the authoring decéder DC conprises a scenario sel ector
2100 for selecting and reproducing the correspondi ng scenes (titles). The
scenari o selector 2100 then outputs the selected titles as scenario data to
t he DVD decoder DCD. 15 The scenario selector 2100 preferably conprises a
keyboard, CPU, and nonitor. Using the keyboard, the user then inputs the
desired scenario based on the content of the scenario input by the DVD
encoder ECRbwHasesllyninperkepbeatte ppograrrd QPdgernentatessthaelsoebari o
sel ection 20 data St51 specifying the sel ected scenario. The scenario

sel ect or 2X0Msistamplcteeprodufebdecodi ng system control l er 2300 by an
infrared communi cations device, faor exanple, and ipputs the generated
scenari o sel ection d&he Gigited MHEePeFhFaSRREME opeddineis2gdose 14
Novenber 2002 -S33 The stream buffer 2400 has a specific buffer capacity
used to tehfo 'Y%P%u?ﬂ%??h%r?BéFHEUCed bitstream St61 i nput fromthe

bit st ream qducer %90 . extract the volunme file structure VFS, the initial
synchroni z (systemclock reference) in each pack, and the
VoBU control) infor o) Lot g4t i 0; generate the
bit stream control dg?rrlaé S%g%%ﬁgagﬁ gg%g'%\ffl'%zlr @W?éﬁ%%é c%)ﬂnect ed to

t he decodi SieRm 3 Ja) EChRoht ' t IO
DI 5t 1 eam B e e Hored oY neoatctar e e (b e &
suppl i ed bynkheresetnaidds Select Pror19Richhe deeadi g MM R | er 2300
then generates the bitstreamreproduction control signal St53 controlling
t he oper at repredudtd dnS dff tttfateasceneducEhi2008pakblid idtgcddi rEgISstain by
controller 2300 al so extracts the user--defined playback instruction data
frdf t he bmeenseaf rtdyer oduidtimie comglel fuschhah. St 53, and generates the
decoding information table required for decoding control.. This decoding
information tabl e isTigs deatkibie fDFLRefuUPErd@NWIEkeseassidsle o Figs. 52

and 63. The decgoding systemcontroller 2300 also extracts the title
applications whereby, for example, a user can watch a

baseball game from different angles (or virtual positions
in the stadium), and can freely switch between the views
15 while viewing is in progress. 1In 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, and the catcher; and one from center
20 field showing the view to the pitcher and catcher.
To meet these requirements, the digital video disk system
uses MPEG, the same basic standard format used with
Video-CDs to record the video, audio, graphics, and other
signal data. Because of the differences in storage

25 capacity, transfer rates, and signal processing performance



information recorded to the optical disk Mfromthe file data structure
area FDS of the bitstreamcontrol data St63 to generate tﬂFNt'tle
information signal St200. Note that 25 the extracted title |ﬂ*%m%§398%

i ncludes the video manager 14 Novenber 2002 -84 VM5 VIS information
VTSI, the PCC infornmation entries C PH #j, and the cell presentation time
C PBTNI Note that the bitstream cont¥lot data St63 is generated in pack
units as shown in Fig. 19, and is 5 supplied fromthe stream buffer 2400 to
t he decodi ng systemcontroller 2300, to which the stream buffer 2400 is
connected. The synchronizer 2900 is connected to the decoding system
controller 2300 fromwhich it receives the ZO system cl ock reference SCR
contained in the synchronization control data St81 to set the interna
system cl ogktBIf€ &he sepmopudtd aresgtpaystes, cDVDk uSkedd MPEGE2he tircodi ng
system control |l er 2300. Based on this systemclock St79, the decoding 15
syst em contcomptess2800meltthodyamst atat:n thersateam wbadhsidgifdlerSisas gitt lay
specific interval and outputs the read signal St65 to the stream buffer
2400. Not efxemt thReMPEEA Gormatn uSe% Wwhis? YideasCPgek. The method of
generating the streamread Si aI 20 t 65 i s, described next. The decodi ng

system control | er 2360 Sttt stRAFcFBek cratendnaE &R cont ai ned i n
et s o e gty lactes e stesmonton zigo il fhe
read req“%§1réé9”§L1§£§§n£ﬂ§B E%et§¥§qfﬁgent of the present invention,

and further description is therefore omitted below (for

more information, see MPEG specifications IS0-11172 -and

IsS0-13818).

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, 1%, 20, and 21.

Multi-scene control
A fully functional and practical parental lock

15 playback 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

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

25 medium, and significantly reduces the utilization



14 Novenber 2002 -85 clock St79 is greater than the system cl ock reference
SCR of the bitstreamcontrol data St63. Pack transfers ar ontrolgﬁﬁ%by
executing this control process on a pack unit. 5 Hased o V%ﬂ%%
selection data St5l, the decoding systemcontroller 2300 generates the
decodi ng signal St69 defining the streamlds for the video, sub-picture,
and audi o bitstreans correspondi ng t-0°4 he sel ected scenario, and outputs to
t he system decoder 2500. 10 Wen a title contains plural audio tracks, e.g.
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 IDis assigned to each of
the language 15 tracks. As described above with reference to Fig. 19, a
stream | D i efdisiigmey taf ttee vddeblable shdrRPEGCapdicd tdat a Marel a
substream I D is assigned to the sub-picture data, AC-3 audio data, |inear
PCM data, apersigudailon pdeld NwWirker kY| sRPORRLPAS: Ao Faaonk il sEvetehe
aware of 20 these ID nunbers, the user can_sel ect the | anguage of the audio
and/ or subt FiltdesuSitd S NE SVATYH RRFSLPOR 5egBeSE eﬁzﬁ@ S N%AifRge

E‘FSLE < iiﬁ%%ﬁ%h%%%@%é&@’go%y%{‘% ’c%h\E')T P E1C5500ske n et Gl gy 2
25 St5
Novefoer 2005 28 PB £ édé%%?ﬁ%%’?%%ﬁ%%ﬁgg iy %%t%e'éys%f"

decoder 250
ecoaer 8¥t Bag @aggebhecg%)o A 1QnSo £0a1 & P@Qofaﬂ'x mgﬁg%jd NG Il

St69, the s eco ectively 5 outputs the vi

sub- pi ctur eanaeévauq'sq YOS I A E 1 iE £ Do iRt ERAMeBYELRN AL Qo f he
vi deo buffer 2600, sub- plcture buffer 2700, and audi o buffer 2800 as the

encoded vi dgoagtiapa@ Siyétentneadant -8 cioxeidéream St 73, and encoded
audi o stream St75. Thus, when the stream I D 10 input fromthe scenario

sel ector 2100 and t h&sgdask Miltipstene oophheodt r then bohtept2400 whatath, t he
syst em decoder 2500 outputs the corresponding packs to the respective

buf i€rs (i.&s, degeribedo ibufinathEgDGeatirpikelew, binfar DYROSys&em audt o
buffer 2800). 15 The _ system decader. 2500 detects the presentation tine
stanp PTS ah8 BEEGAPRE ErnEYIRAMFABRY SfonHe \ial eSS oRPFoPUBRECYs. each

bi t st St 67, t te the t f or mat 77 T
'nf or mat T onVaFSABLO8R 792 EReLEATLPAT 1 IR RAEh 6T 3%r CHBOBPRLBEE ¢ he

decodi ng 20,3431 BFLCRRELAL! ol 4100 asdeualy o 20LL eDesonhE gh (dat 2

st8l. Based®oR i'S sync ronlzatlod ync ronizer

Wil bo arronges Qglgﬁéggéﬁé%ﬁ%idﬁu%c&‘%%dﬁ%2*&‘?%?“&3' PREse

gengsates aggdecifically, titles that can be played back with numerous
variations are constructed from basic (common) scene
periods containing data common to each title, and
multi-scene periods comprising groups of different scenes
corresponding to the various requests. During

20 reproduction, the user is able to freely and at any time

select particular scenes from the multi-scene periods to
dynamically construct a title conforming to the desired

content, e.g., a title omitting certain scenes using the

parental lock control function.



14 Novenber 2002 _87_ inputs the video stream decoding start signal St89 to
the video decoder 3801 based on this decoding timng. Thelfﬁggﬂﬂﬁggégg 2900
al so generates and supplies the sub-picture decoding starl I { and
audi o stream 5 decoding start signal St93 to the sub-picture decoder 3100
and audi o decoder 3200, respectiveL%%_Ihe vi deo decoder 3801 generates the
vi deo out put request signal St84 bas€éd on the video stream decodi ng start
signal St89, and outputs to the video buffer 2600. 10 In response to the

vi deo out put 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 tinme information contained in the video stream St83, and

di sabl es. th~ vid tput i gnal 15 St 84 when the length of th
ecei ved vi deo 5t 1 eNHR TS UL VFERTSL GONT Spdthe DI, SOBRE ST

ecei ved | 15 A t Spe AESEIS
thus decodsttByPtALEY e s CRESior Uhot: ohnt R S e BHE rif tiuced vi deo
si gnal St 9o 1ppLbe §EORARING I PTa0: 33005208 130 geher, 3400, Because the

encoded vi'deo streamis co using the interfrane correlations between

pictures, tde-£oded epderangidi splay order do not necessarily match on a
frame unit basis. The vidéo cannot, therefore, be displayed in 25 the

decpded orpigfta dbeudecpded i kare DV &ydiesrf ore 14 Novenber 2002 _ 88
tenporarily stored to the reordering buffer 3300. The synchroni zer 2900

therefore controls fThe sattalEtnucsiwrnal used03nsthehatthe irgproesiced vi deo
signal St95 output fromthe video decoder 3800 and the reordering buffer
out put 5 D72 ad &g &ppl opidevelly ske syt Acceudpay tr the grsslemt order to
the synthesi zer 3500, The sub-picture decoder 3100 simlarly generates the
sub- pi ct urie Rt pien r FUEBEWE gRalF 1Gt-8@ dras kP ofeEpEdsabmpiléimedidecodi ng

start signal St9l, and outpuyts to . .the 10 sub-pjcture buffer 2700. In
response tO-THeF 3B- Pt uFBlﬁufiﬁﬁtlttaquYéﬁSe%i‘g’rﬁF Y 8BeM Hévddespithaur e
buf{er 27Q0 outputs the.sub- 'ct%ﬁe stream St85 to.the sub- ic% re decoder
21, BasES T M PESERPairbR LPRES Arorat SroLoHhe) REGSPn LAE

Sub- pi f U, 541 821,385, 1 Ny SRRV dRsodara 3300 Jegadesea lenoth

of the sub-pictur r eant St correspo ng to the speci prese%ﬁh ion
tinme to rgpyoduce and supply to the synthesizer 3500 the sub-picture signal
St 99. The synt hesi zer 3500 superinposes the selector 20 34D0 output with

the sub-picture sigpak $£98-ig @eRer al® is provided at the inside
circumference area of the optical disk. In the disks

15 described with reference to Figs. 9 and 10, the lead-in
area LI is positioned at the inside end points IA and IB of
each track. Data for stabilizing the operation of the
reproducing apparatus when reading starts is written to the
lead-in area LI.

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

25 this lead-out area LO.



and output the video signal St105 to the video data output term nal 3600.

The audi o decoder 320D generates and supplies to the audi t he
audi o out put request signal St88 25 based on the audio sﬂ%@gﬁkﬁg%égﬁ@g

start signal St93. The 14 Novenber 2002 89 audio buffer 2800 thus
outputs the audio stream St87 to thecaudi o decoder 3200. The audi o decoder
3200 decodes a length of the audio é??éan18t87 corresponding to the
specified presentation tine based on the presentation tine 5 information
contained in the audio stream St87, and outputs the decoded audi o stream

St 101 to the audio data output termnal 3700. It is thus possible to
reproduce a user-defined multinedia bitstream MBS in real-tine according to
a 10 user-defined scenario. Mire specifically, each tine the user selects a

different scenario, TRE BOBUIEcSRECEDMS iLS abPeatedr BEFHEERethi%e titl e

content desjred py the user i he .desi red sequence , reproduci ng the
’é 85% ng é?d1@5| £

mul ti medi a HB3ETH A MBI LoRPEsPBABT RS 6585 1K &7 &%c RAPF
houl d b ted,that th di ||l er_ 2300, | h

Sl ele i f or AT bt S00eF oo EhE Todiies’ ab i 7 1ot Phekas sy

the inf I i i } d )

| nteract e NEE R TLER 005, SEX0F0, DRBLERRES RN (U ARl IS ToBBB: rade

poss§ bl e bylcsc%?c SEEIEEE S BE| 866 0k e@hBALERNNIC UMb d | tEL, | p5Or mation
recorded to the optical disk Mfromthe file data structure area FDS of the

bi t stream gant r athal kSl G s sk aveedsi alshe diiilaed nifrtored i b1 Sh@nahd

St 200, and displaying this title 25 information on a display for user

sel ection. filld sdowenthere 2002ag@feibt erehuVFiSeand faatf il &ttaeam buf fer
2400, video buffer 2600, sub-picture buffer 2700, audio buffer 2800, and
reor deri ng shrfdaiur33rea eF@Xpressed above and in the figures as separate

entities because thqg are functionaIL{
he volume and file structure management area VFS

10 comprises m+1l 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+1
to LS #n. -

Note that this file data structure area FDS

15 corresponds to the multimedia bitstream MBS shown in Fig. 1
and described above.

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

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

25 IS0-9660 or ISO-13346.



5 different. It will be obvious, however, that a single buffer nenory can
be controlled to provide the sane discrete funct!onalityf@@%déﬁaﬁaaﬁf
controlled use of a buffer nmenory with an operating speed plural tines
faster than the read and wite rates of these separate buffers. 10

Mul ti-scene control The concept of tiple angle scene control according
to the present invention is described below with reference to Fig. 21. As
descri bed above, titles that can be played back with numerous variations
are constructed 15 from basi c scene periods containing data common to each
title, and nulti-scene periods conprising groups of different scenes
corresponding to the various scenario requests. In Fig. 21, scenes 1, 5,
and 8 are the common scenes of the basic scene periods. The nulti-angle
scenes 20 (angles 1,Tre fhde3fapar eencioeifestneantPs, canBrifesparant al

| ocked scenes (scenes 6 and 7) between scenes 5 and 8, are,the nulti-scene

peri ods. SEHES SHEHPHT oWFHRT T eLEAD/ aRGFEs COMRF 1s1ngh|2svVideo mapgyasr|
this exanple, can be dynam¢ally sel ected.25 repr oduced durin | ayback
e o PuiE aare SR SRt rdeRpertenas” o8 b idE e reskbr ara s

| ocked scene_period wever,. only on f _the i | C es 6
and 7, havfn&edyhféF% %%n?éﬁ % nlBge§8Féét§g¥ﬁ§%3g%§% '€£€§%|%% %d

S oLy e plang ey B8 ghedalestend opiteg

mul Ti - scene™pefiods I's t0 be selected and reproduc

operating the scenarfs S¢l §eb0haRA8arantict Ricds ganerei £ 18 hBRa§6RBALI O
selection data St5l. In scenario 17in Fig. 21 the user can freely sel ect

any of thejA@ommhitiicH e SEeaesnt bpd ateke GnHadnifesmayiesel fst ed for
output in the parental |ocked scene period. Simlarly in scenario 2, the
user can fpatigisg ectvalynefméeime neédi tangkt stdnehargal sEmmmivcthiasn been
preselected for output in the parental | ocked scene period. 15 Wth

ref erence tonErrgd. o0 thel Sitifervhkimére, the contents of the program
chain information VIS PGCl is described. In Fig. the case_that a

, 30,
scéBari o request ed HNY heidgertitlensfl With Aedfedlsd 2IA=t Rata

construction, _-The scenario 1 and scenarj o shown i,n ,Fig. 20 21 are,
Gocori bod TUIAPBof IR HePToR GRS o A ELBCEPIBEE HPPE Wdss: AHaPocs

describing_t scenar.i.o .1 consists of cell playback information C PBI#1
correspond?ﬂg?f’B St f‘ma@EPB#?ifza C PBI#3, and C PBI#4 within a

uiti-angle cell blogle fhEBHAR) CotEGSRARE B¢ LACK VA tidfe Nayerber

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

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

The VTSI management table VISI_MAT stores such

25 information as the internal structure of the video title



C PBI #& corresponding to scene 6, and C PBI#7 corresponding to scene 8. VIS
PGCI #2 descri bing the scenario 2 consists of cell playba | i C
PBI #1 corresponding to scene 1, 5 C PBI#2, C PBI#3, and E#Hggk%“&??Rﬁg a
mul ti-angle cell block corresponding to a nulti-angle scene, C PBI#5
corresponding to scene 5, C PBI#6 cogg esponding to scene 7, and C PBI#7
corresponding to scene 8. According to the digital video systemdata
structure, a scene which is a 10 control unit of a scenario is described as
a cell which is a unit thereunder, thus a scenario requested by a user can
be obtained. In Fig. 31, the case that a scenario requested by . the user
shown in Fig. 21 is shown with respect to a VOB . 15 data construction
VTSTT VOBS.. As cificall o) ' j : t cenarios, l.and 2 use
t he sane Vé@td ta’i rtl:héao Lor#e%;v% %%%g!éng% guéﬁr?g}%e%ésecag%se cc%’?ﬁ%?ﬂ"? owned
by each scqpathg NEHE! SUTSNUTG, | enaChlfpbr UBEREUIANR00L] Ndnke
scene 5, an corresponding to scene 20 8 are arrang d’ln
non-inter| ggeed ileRrk WL LS Ve LOGhLIHAUS sRIRGye Wddtdhappect to the
mul ti-angl e data conmonly owned by scenarios 1 and 2, one angle scene data
is constructed by a miaolesM®B. iSpeehbtiahl tasneakiTe), et er @8otdksS i
constructed by VOB#2, and angle 2 is constructed by 14 Novenber 2002 -93
VOB#3, angl(eharies icdsstar matten-dly niGB#er) Thnsgrans chadned Pad)t idsiyyl e dat a
is formed as the interleaved block for the sake of sw tching between each
angl e and béarkes¥TSePeCdudtli on WIS_REPI affl Eodarant8edddangs thed 7 pecul i ar
5 to scenarios 1 and 2, respectively, are forned as the interl eaved bl ock
for the sakéagpaskaseayencepr odfah Rf betdekabésnrpirieendT spFicsile #&hd

behi nd thereof as well as seani ess, reproduction bet n each scene., As

€

descri bed if Bh8a&BofRtI¥hEXRI&SENB GRS (PRGILAMs EBAAP 0 28R0RPTRF F595 21
can be realized by utilizing,.the videq title ayback _contraql information
shown in F?g?wgﬁréna ﬁﬁeatP%ﬁ?ﬁﬂ%nﬂﬁﬁh?ﬁkff%g#agg?ygéfgrén§ﬁ5ﬂ?q%9¢ﬁg.
31l.inSean e ypagk,The seanigss ay C i L jef; o~ | oned
abade wit hgriggiérgdet-ggghgidi gtal S ﬁ%s@‘g?g#ggﬁgﬁ‘r ik otnd
descri bed . a gygggga f he er 0 ty on in
a digital e?ggglgggﬁgsggtggﬁgﬁqkﬁf?¥ﬁ% i a dat%giﬁgﬁﬁgﬁﬁg édeQF gﬁpf%, and
sub- pi ct ur gndapaapbhbBRUtohREFOLMiHRI¥ndEsks in 20 the data or information
bet ween basi c scene periods, between basic scene periods and multi-scene
peri ods, and betweeThellprogxeenecipein ARIGC Har dwapackathalls staudaturgi ng to

intermttent playback of this data and title content include decoder 14
Novenber 28€gcribing the story of the title content, and therefore

15 defines the structure of eaéh title by describing the cell
playback sequence. Note that these cells are described in
detail below.

If, for example, the video title set information
relates to the menus, the video title set information VTSI

20 is stored to a buffer in the playback device when playback
starts. If the user then presses a MENU button on a remote
control device, for example, during playback, the playback
device references the buffer to fetch the menu information
and display the top menu #1. If the menus are

25 hierarchical, the main menu stored as program chain



-94 underflow, i.e., an inbalance between the source data input speed and

t he decodi ng speed of the input source data. O her factor he
properties of the playback data. Wen the playback data ﬂ?rgg%gkﬁhgﬁb%nun
be 5 continuously reproduced for a constant time unit in order for the user
to understand the content or informatigpn, e.g., audio data, data continuity
is lost when the required continuous'§£g§entation ti me cannot be assured.
Reproduction of such information whereby the required 10 continuity is
assured is referred to as "contiguous information reproduction,” or

"seam ess information reproduction.” Reproduction of this information when
the required continuity cannot be assured is referred to as "non-continuous
information reproduction," or "non-seanl ess 15 informati on reproduction.”
It is obvioutnfhamagden MRAPGGHE of heray¥nbeegisgderiesh dirk rrenmhei nbvus
information reproduction are, respectively, seanl ess and non-seanl ess
reproducﬂ(NPrﬁﬁﬁénEhﬁpes@ﬁNQKﬁyﬁﬁﬁﬂodﬂ%gLBﬁcEaﬁzbé'ﬁﬂwmﬁﬁ CarxesRepdi zed

as seanl ess dat a regroduction and seanl ess i nfornmati on reproduct.i on.

Sear ess dat®CrEPPBRNLEI TSRS (YR AsDE VBREFAG RHEI1°h Uik T YRote
interruptions_ip the data i nt er m t _reproduction) as a result
of a buffer %ﬂﬁgF?FOMFEFa@Sa—MéMI%?ységﬁﬁggsmfg S Sr cl’rbcﬁ to

repr oglucti on, &; §ebh0ed RS HING APRILER! tnolf Mouethey, 2002 - 95
interruptions in e information en percelved by the user (intermttent
presentatio | Zi [ {i fremfBe+BlhaykRagk %VEH
there are nggﬁﬁgﬁg?fgﬁgg?%aP&%ﬁggg?}%?téé?data reprggﬁctionég%&%btaiIgb%f
Seam ess pl gybagkidgetspesEhiC Hiidier anablé NYrserotes #2r @0 G Han

t hus described is described |later below with reference to Figs. 23 and 24.
I nterl eavi nwe IdoTbe f¥Dddare seprediaddrny pesssibgdthkoveraesporrimted
usi ng an appropriate authoring encoder EC as a novie or other nultinedia
title on a DubDneetorkeyg nedium Note that the follow ng description refers
to a novie as the nmultinmedia title being processed, but it will be 15

obvi Hls that the inveRheomeswa [theme RS RFEnPERESSSEShIBY dea Bliunp ke
novie in a format enabl ing the novie to_be us in plural different
cultural redTEYP ToRNLFi 68L1BEH rEs HHE g't‘{}? -t P Beldr EESHdEd TR he

vari ous | anguages used, i n tho;e r eqi ountrijes.

necessitate T f°Y heechhteny £8 E%%iﬁﬁ%{i%?r%?%%?%§t¥%§¥n§¥ﬁﬁ_%%all
--expect ati ong, Of 5gf%§£§g%90 EtHES?ﬁr@H?Eéﬁﬂ%EIﬁ%ﬁih§e£§£§ﬁ}8§ﬂa§bkﬁs or

storage system as t system owever , I'S necessar 0 reduce the

bit rate, angileredQegihhfgl ¥B9edddkidahed f plural full-length titles
edited froma 25 single commn sourCe title are recorded to a single disk

14 Ngvenber 2002 -96 FRi gher ealsemozan fowie yetobyerefpldi, Nghhe iGgE™ON
parts of plural titles only once, and recording the segnents different in

each title frtleacheti {fieoenatiohl ¥Tedl Ys Bicrakttmda nekesert iposhebl e to

record plural titles for 5 different countries or cultures to a single

optical disklayback device when playback starts, the playback device
references the cell playback sequence described by the
program chain PGC, and reproduces the system stream.

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

Note that each of the PGC information entries

25 C_PBI #j contain both cell playback processing information



wi thout reducing the bit rate, and, therefore, retaining high inmage
quality. As shown in Fig. 21, the titles recorded to a SiﬂﬂhgvﬁﬂﬂéﬁﬁﬁzdiSk
contain basic scene periods of scenes 10 conmon to all sceharios, an

mul ti-scene periods containing scenes specific to certain scenarios, to
provi de parental lock control and mygti-angle scene control functions. In
the case of the parental |ock control function, titles containing sex
scenes, Vviolent scenes, or 15 other scenes deened unsuitable for children,
i.e., so-called "adult scenes,"” are recorded with a conbination of common
scenes, adult scenes, and children's scenes. These title streans are

achi eved by arraying the adult and children's scenes to nulti-scene periods

achi cved 1778 BoROLH FBAEEIETITL A © 1 THE B fobdrurRT BR-HEES thg
mul ti medi &, seenes  9REALRGA Y JeG I Ade: Sl SEER LLOTLLNG desid od,

plural canera angles to e milti-sc perio arraye

conmon bas}&%][sggﬁ ePEREOHS) 1NOLRch &@/%@@éeﬁ‘e%m%kiﬁ%‘ﬂ%ﬁ’ ' ot hat

mhile t hese ural scenes are Qescrlbed here as scenes recorde m
different GanBea 8P0LESetRRIbhisANS Mord ddiPEcODY{ QUEHE Bat nirhe-raesRes may

be recorded fromthe sane canera angle but at different tines, 5 data
gengr at ed hycToapst Ehegeaphi ®3och meideercBM dere TRt Blo¥ketygat gpirs shar ed
between different scenarios of a single title, it is obviously necessary to
move t he |ssznléssnpléyback fhegecSPfn isuenel elmved t @llbeabhdoncalagn scene
data during reproduction, i.e., to nove the optical 10 pickup to a

di fferent I7o8i t$DR vesehtingDIAagoSFICRT nel imIRGksemhat poobtémehere i s
that the tine required_to nove_the_ optical pickup makes it difficult to
conti nue refBtiictFermheERoanderegRRAG S TR Elﬁffglfhefhﬁﬁ?océilvf]@@@, i.e.,

to sustain seanle reproduction.. This problem can 15 be theoretically
sol ved byﬁﬁ?ﬁ%cﬁ&ﬁ%%§$r99§vghpL§ﬁ'(§PF% %ﬁ%ﬁiﬁ 2215h) VRBY g&FaFtdat a
ouiput an nt_ equi nt,to the worst access tinme. In general, data
reggrded1%?%#?%ﬁnlééyg%ﬁséAfs read by the optical pickup, appropriately

processed, and tempgeac ka3t guatytad i dyiache bltsts Thecpl stored data

i s subsequent|y decoded and reproducedas “video or audio data. Specific
Probl em i R-dgtd@@vdncin Theqopetati oideb WigstdyaaBmusf g:ﬁufé%?ea% a

track buffer, in this DVD systémis described bricefly 25 bel ow.
data including video, audio, and sub-picture data without
intermittent breaks in the data or information. Seamless
15 playback is described in detail in another section below
with reference to Fig. 23 and Fig. 24.

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

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

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

25 block. The cell block mode CBM of each cell arrayed



14 Novenber 2002 _ 98 Because rotational speed control of the optical disk
drive cannot instantaneously adjust the disk speed, the i tream
buffer 2400, i.e., the transfer rate \r fromthe optical ﬁf@EYéﬁﬁgi?%Oﬁ
basically constant 5 rate. Qutput fromthe track buffer, i.e., the transfer
rate Vo to the decoder, however, varies according to the imge quality,

user intent, and even the variable bf?-rate of the conpressed video data in
the DVD system The fromdisk transfer rate Wr is therefore constant at 10
approximately 11 Mops in the DVD system while the transfer rate Vo from
the buffer is variable to a maxi num 10 Mops. Because of this gap between
the input and output transfer rates Vr and Vo, the stream buffer 2400 w ||
overflow if data is transferred continuously fromdisk. 15 Therefore, to
prevent thbetwesamtihegsferf 21od andt hastegeddiscdantaipparatslwyer f | owi ng,
data is transferred intermttently fromthe disk. The streambuffer is
controlIediadﬂpﬁ§Hﬂ§wﬁha%d%$¢nﬁ%ﬁé LEpRrofgdti betveen esadirsty and
near-overflow state. 20 It is therefore possible by using a stream buffer
2400 to sustnCEdS Adbd@tnPheekr upt ed data output (reproduction) even

if th [ |'i ght.break,l t di Jt of th d_.head
(opti cal pi ckup) 3008 (RPHhgot BoRo VS BelRion ToAH oL L (NS TS T ho i sk.
I 5 t ' ti 14
Novanber 20B8 P38 g b A ed VBT, Bf et T BYREK HBRe ST WRF upon the

di stance aggaﬂgiﬁgi9&éﬂ1§rﬁhfﬂﬁﬁléﬂaN&iéefﬁBcE§oR0§§iQh%bﬁ%dgsﬁﬁE:Stream

buf fer 2400 wth capacity sufficient to absorb this junmp tine,

conpr essi 0OBedilt ih&bemiatidh Tcowwed ding Stdbescand ra theX rapPdad d¥ie when
using a large-capacity optical disk Mstoring high quality inages. Assuring
seanl ess r&pgbdectisoprohermnediay dnemaAnghd sknpbibhadnbllecasy other with
this systeminposes significant nenory requirenents, resulting in an
expensi ve mestienefCabd¥eBecabeclihetyypunt bthesenbupcthahatablbekisuiils in
to the decoder DC is therefore |limted if a cost-effective product is to be
matRet ed, @efitned| byt at veds earislentpoieing 'anglel| int thg cheélj bAdpckine to a
ti me whereby data _can be continuously regroduced. 15 The rel ationship

bet ween t heYBRcGRY APEdS@&th CRitenti FHFE tAEOSK r eam buffer 2400 and the
operating node of t r eadi head, 2006 i s_sho Lh_Fi 32. l.n Fig. 32,
period Tr is the pe 'Ea%ﬁﬁﬁ$ﬁfﬁmﬁ%%y Ae oB?FgggphiE%Hglyeéﬂgaﬁiﬁé%ron1the
optical i gkoBrer aplePELLOL cHorddy 1G240 | HR-PO0L O LA NG bl bhe
optical pickup noves befween~l ogi'c sectors. Line L1 expresses e“change in

o3, vo VB BAghSHeby’ 0 UMY e 001 i {Uprdsigented pori o
bufjer 2400mAcdiagelPethemeredrd] TiTo sdfmMNvErPerepPduce 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
20 value identifying whether the cell exists in a contiguous
or interleaved block. If the cell is part of an
interleaved block, the flag IAF is set to 1; otherwise it
is set to 0.

The STC resetting flag STCDF identifies whether

25 the system time clock STC used for synchronization must be



- 100 During the data read period Tr, the reading head 2006 reads data
fromthe optical disk Mat the transfer rate Vr, and st quagvehter 2002 dat a
directly to the stream buffer 2400. The stream buffer 2400 supplies the
data to 5 the decoders 3801, 3100, and 3200 at the transfer rate Vo. As a
result, data accunulates in the stream buffer 2400 during the data read
period Tr at the rate Vr-Vo, i.e., the difference between these two
transfer rates. Because the reading head 2006 is noving to access 10 a
different disk position during the junp period Tj, data read fromthe
optical disk Mcannot be stored to the stream buffer 2400. Data continues
to be output fromthe stream buffer 2400 to the decoders 3801, 3100, and

3200 during this period, however, d the Y e vd 15
remai ni ng reselie wiene dhe F5 ey %ﬁd%fﬁ%ﬁ eggég’gpbgkéqﬁg%gagf wﬁ?ﬁ data is

transferred to the decoder =T i t 0. teddiat syl Feaghe
transfer r&syetesd ttd'n‘t%é:]d@é)d%exi 1‘% 2%‘%\%2%%&; g.h\%zﬂgdg lge consltﬁt rg?e,

data 20 transfers to thq%dgfoders actually occur intermttently because the
decodi ng t PRV ariSe$Sct ding to the data type. These differences are

onmitted to sinply this_d i pLEORAnBh ot RO AN eFlamdercr ositenasept. This is
equi valent to the rggﬁ?ngéﬁé%d 2006%reading data 25 intermttently during

the 4 unp peri ] %ﬁ rovEfhéRea céd1Ndvemben1200angl®perxadi ng head
200 conti%&&%% }hVEh S #%n1the optical disk Mat a constant |inear
vel ocity (Gh¥u1d e Yomesctdd addahPestlli ngs apl anwl e Thange- cahf bEhe

expressed by the followi ng equations.
angle change is seamless, the seamless angle change flag
SACF is set to 1; otherwise it is set to 0.
The cell presentation time C_PBTM expresses the
10 cell presentation time with video frame precision.

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

15 by the number of sectors.

The last cell VOBU start address C_LVOBU 5A is
the VOBU start address of the last cell in the block. The
value of this address is expressed as the distance from the
logic sector of the first cell in the VTS title VOBS

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

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

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



5L1 =WVr - Vo[1l] L2 =Vo [ 2] Underflow occurs, and decodi ng stops, when

the junp period T} is |Iong enough for stream buffer 2400 enpty. Jf . the
junp period Tj is held to less than the tine 10 required §§N°gﬁBM§P#@§m

buffer 2400 to enpty, however, decoding can continue wthout data
interruptions. This tinme at which thg reading head 2006 can junp to anot her
di sk position without a data underflow state occurring in the stream buffer
2400 is referred to as the junp-enabled 15 tinme . Note that while physical
novenent of the readi ng head 2006 has been described as a factor causing a
data underflow state in the stream buffer 2400, the follow ng factors al so
contribute. Note, further, that this data 20 underflow state can be sinply

h i dif.i i n_ which ' .th k . huf f
(sir oam buf 88r 300f BRoA R et G ok WFERCORTS GArRR 4TI T ack
buffer. . T [ I ' di 2 d of th
decoder.  ATHEREVENER, “Five WE0P 1y B & ah T ARSRR A H AR Ui 1 <
Che ot antar FBr 2480 Fram The biT et Aea by Sduer 2086 5re | nappr opri at ¢

for the buffer sizegazif)yilieo SeEieeeeved EBRpiridied dalyHdyuilq Ui ts of the
plural VOB types carried in the reproduced bitstreamSt61 is inappropriate

for5the desgehpglspaaBeriedd1inEAn 4 heFdext Edehacunilt ¢t echprdeeadad not
being received in sufficient time while decoding a particular data unit. 10
When t he r epiiedectngsappariaturs lomuntten) griddéo voldgecti shisgsvemu #1 -
configured with a disk read rate of 11 Mops, a maxi num AV data conpression
rate of 1O0V@BPsfrand a track buffer (stream buffer 2400) capacity of 4
Moits, for exanple, a data underflow state will occur. To prevent 15 this

data underfl ow st at EacfoMisieurebirFinily YRBY) GRPPEdsesd prjuriad a

mal nt i ne b AGE ABE R BN oo B Ei LS R RuRPARBUERD ed (i me
VG0t oLt PegondTat] Eh, BAED sy Ral e S0EE STERRLYD ST - enal
time of 4 Cofs?fcﬁﬁﬂk%shio‘?.vah‘é%et @fa&%@%%éﬁggigﬁggégaboge

reproducti®on aratuses. I'n such an apparatus t can
junped durddy&sgO0a85€6 PRk Qdded %@%Wri@&ﬂ!ﬁé:e@@ @pcisackgacht follows
e

that the junp-enabled tine can al so

video object unit VOBU also starts with an NV pack, i.e.,
the control data for that VOBU.

15 The structure of the navigation packs NV is
described with reference to Fig. 18.

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

20 encoder EC described with reference to Fig. 25, is
described with reference to Fig. 17. Note that the
encoded video stream St15 éhown in Fig. 17 is the
compressed one-dimensional video data stream encoded by the

video encoder 300. The encoded audio stream Stl19 is

25 likewise the compressed one-dimensional audio data stream



14 Novenber 2002 -103 defined in data quantity terms, specifically the
vol unme of the sequential data streamthat the readi ng he ve
through within the junp-enabled tinme. The data vol une eqﬁﬁbﬁggﬁw%ﬁgogy4oo
nmsec junp-enabled tine is approximately 5 250 Miits. It will also be

obvi ous that the actual distance in igctor and track units on the recording
medi um can al so be easily obtained from the data vol une defined as the

j unpabl e di stance based on the recordi ng nmet hod~and density of the
recording medium 10 A 250-Miit junpable distance is equivalent to a 50
sec. presentation time assum ng AV data reproduced at an average 5
Moits/sec. Wth even higher quality AV data, the presentation tinme is |ess
than 50 sec. In novies and other data streans edited to renove particular
scenes due W8ltépdaringatheeduicht aind ,1Ft oFRRFePeAYBAS, ChRENGILEI sed

scenes are typically long, usuyally ranging from?2 to 5 mnutes, and even as
|l ong as 10 %ﬁﬁ%@@g.ngtPﬁeaé%EF%éﬂ“§E¥%% ?%%ts BohentRat, ther 28ddfpl e, with

t he above reproductjon.a ratus,. it. is not_possible to 20 uninterruptedly
connect t he® %%ﬁgssbéiérgggn eaﬁﬁ@P' e i%éﬁt%i%ﬂeéF?n?ge Bﬁaopéyspene,

exci sed scepp, oand af §8i, 36808, Ane JBGANARL 40, ki bhag singl e conti guous
series. Mre specifrcally, e data corresponding to”°a continuous 5 mnute

sceng cannot be junp i j j t il Y% r 2 - 104
Therg are al so cases%ﬂﬁ %ﬁ%gﬁh?%gﬁﬁﬁﬂgg{g?%%%pégggﬁgﬁ ?2?3,9932.5%?%e
consunptioni & ad €08 @{meAakachaaMabhawt IACkAuid aFitRpPRrvpehesi 1@ Mps and
non-occurrence of a buffer underflow state cannot be 5 assured, even when

t he exci sedc@Eesepdnd fnyStpuped 168iirg sediuns (3 iH6 Hivixgesdr 0gs4pftesec.
Whi |l e such a data underflow state can concei vably be avoi ded by recording
two AV dat capEnbty oss describrdi sedngedlitsd)2 land Ainstexeas ecoxtneli padk
scenarios, to disk, this nmethod does not make 10 effective use of the

avai |l abl e diskotapediay. the begisningo ofeddssdritke edibing duplt cEV@Blat a
for &uch presentation tinme, the AY data will be low qualjty and it will be
di f¥cult t3F3% i35 noaE HBEr PEIPEBLAG Gifs ERPIIGRR PRI VT St ¥ nEPRY: a

bet lural titl 15 is_d i bed bel i t.h fo Fig., 33
wher o n TLEMHY S35 FnrernErSTnats: s GRIaR 0 M S AP (i tl e

respectivel Specificall LLest _titl c i,St at a DbB
and DbD re&%’ga’uc% con ?E}%%uépg 8%%?n8%%§§#%%§n§%h%e:esgjosntger?i?’%}%z
simlarly i a; vonand DbD reproduced contiguously
during HI%?EE %%gt gﬁtgg%alggﬁfmggg?nDbC, and DbD are video objects VOB

with display tinmes TipeT@ncbdeddRddEd dtasaridtmd Yandheme taecbaddes TL1
and TL2 thus conprised are recorded to disk, the data streamis structured

wi tlp 25 datzadiA steeddBaso shaeegdadreaiakdbdhnh byittd emilflsl and TL2, 14
Novermber 2002 - 105 and data DbB and DbC as the discrete data of titles
TLI and TLZormesymmidired ytosthecsystey stpeatupedkdur i Mhess gdkmtperi od
T2 as shown by title TL1 2. Note that while there appears to be a tinme gap
bet ween t h@xfatshdwrocks FigFi §7 &s3Backrits Vd,sVapl W30 aci« iarng ek he use
of arrows in the figure for easier descrigtion of the _data reproduction
paths. TheP@:i fdo -act fF SheENghp BLFFnd’pl PBEEKPEFfESS0RAF& wher eby

t hese data bl ocks DbA, DbB, DbC, and DbQ are recorded to disk in title
TL1 2 to eﬁﬁﬂg;leaved in the appropriate sequence as system stream

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

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



10 conti guous reproduction of the data is shown in Fig. 34. In principle,
data bl ocks DbA, DbB, DbC, and DbD conposing a single contjguous ti are
recorded to contiguous segnents of the data recording traﬁiﬁwnzsqﬂr&bbg).
Thus, data DbA, DbB, and DbD of first. title TL1 are first 15 recorded
contiguously, and are followed by data DbC unique to the second title TL2.
Wth this data format, the first titgie TL1 can be contiguously reproduced
Wi t hout breaks in the title content, i.e., seanlessly, by neans of
controlling the reading head 2006 to access data DbA, DbB, 20 and DbD
synchroni zed to playback periods T1, T2, and T3, respectively. To reproduce
the second title TL2, however, the reading head 2006 nust junp past data
DbB and DbD after reproducing data DbA in period T1l, and nust reach data

DbC 25 before the stile dhferdild L @SnSHOXRRY 3T @g_gs_q%_? in 14
Novenber 2002 - 106 5 10 Fig. 34. Then after reproduci'ng data DbC, the

readi ng hegge2PPBaPHSt ohBMR iBideK dad airsi #ink16h Dbfe a8daPBDaas as ewk by
arrow Sg2b, and reach data DbD before the start of period T3. Because of
the tine redyhiedcantlpventheaseddiregdrehich®/(dbayiesvketagatatl, onigh it is
not possible to assure seanl ess reproduction between data DbA and DbC, and
bet ween Dipaed DbEprdnhggplibadikst amck derfiairmanbet wepnovhrentdatia bl ocks
requires less tine than the time required for a data underflow state to
occdr in theessionalbpFperszing. LSIf iematlen Wie IDRrsvavengtForerasdenabl e
the user to_selectively excise 15 20 scenes and choose from anpng pl ural
scenes, a RIA¥2aluRediPndaba- 8BPePLyFade SYEPRAGTYLS rA2bR déBr2RREFEd
bet ween co n, scene data_.and._s IectLﬁg.scene.dayﬁ necessarily_occurs

4RE % &

because t PR aFAnPRE %iSGEi 4RER WREH AR iHIE L e’ Braved P Ebous! y

recorded to the recording_tra th cording medium _|f data is then
read in tHe ?%%%r%%ﬁe%%qu%ﬁge?§%5§£¥e g@%@ 5%5%3“5a éE%u%?I%%QaEQ%ssed

before ac LNhgs: an o4l ected, sce t %59?3

connecti oﬁ"?%m ﬁl?hgelugg(?e‘g%gg éggngﬁksg&%ﬂ cult .&‘?ht:o e@%g’f en L‘r?g%%om
acpess chafaci Ry isidpsask. t hendi gitabturdeo rdithe Sadaan dOVEMRIusdake
seanl ess connections with the sel ected scenes possible. In other words, by
splitting igcetieispepid i 6f dove 2bstahnoipl ghawnudin Fief. aispasd fi ed data

si ze, and 14 Novenber 2002 - 107 interleaving plural split data units
for differdeacsideedsbelow. predefi ned sequence that is recorded to disk
within the junping range whereby an data underflow state does not occur, it
is possible to reprbdguse Fhe-sélectde pecke:izeq tenrpderhtwide®erruptions
by intermttently accessing and, decoding the data specific to the sel ected
scenes usiSHFeHesTELDI1S AU uknt E19Sedf 88s Vdat ¥ d-epfodidé o 4 LR her eby
assured. tailed finition of Ipterleavind, 1Q The seanl ess, connegtion
mebhod and TR SRS | RPSRYSE: r BYERE LonBeh JUGE (HE RHEGBRY HHHHR | on

are descrifed, hel QW gising. Ue, LLack BULECL BRI LIags! Pgﬁlggii,gzstvgat%g;d dat 2

consunptionra desTT T bé ove. errrng again ! dat a

consunpt! el SYAIE MbUS JeSend NaButbe Baeds! CrnEdle a¥le (s o). ST N

this differen ata volune Is read at the transfer rate Vr,

buf fered tehddid rasic Prid eFe abehr-sins edt128daha Bhen pCaARPEERG s QPUt tO
t he decoder) while the optical pickup noves to the position of the next
read dat aso}ckd quiy eiib-ap Dot ar einsler éamw. st Zhesev el xaidompriadsiddpldata
20 streams, St15, St19A, St19B, Stl1l9C, Stl7A and Stl17B, are
interleaved to a single system stream St35.
The video data is encoded according to the MPEG
specification with the group of pictures GOP being the unit

of compression. In general, each group_of pictures GOP

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



repetitions of this operation, split data units for a defined vol unme of
data for each scene are distributed at an appropriate intgr } t hod
of arraying data to assure seam ess data reproduction ingarﬁngbzpbéOim
"interleaving,"” 25 the split data units of a size sufficient for buffering
to 14 Novenber 2002 - 108 the track buffer are called "interl eave
units," and the interleave units af®®r interleaving are called "interl eaved
units."” When one scene is selected fromplural scenes, S interleave units
are required for the plural video objects VOBs conposing those plural
scenes. Two interleaved units |ILWcontiguous on the tinme-base and bel ongi ng
to the selected scene are separated by one or nore interleaved units |LVU
bel ongi ng to anot her scene inserted 10 therebetween. The di stance between
two tine- bpeeiddnd irgumhesr | of eftaagsdcanptresisied) el iGRPt Dst he sane scene
is defined as the interleave distance. For exanple, 260 nsec is required to
nove 10, 09@riadde.or Thasi sigraam obehagaemgnsk peskor dhiFEheteseribést hhe 15
10, 000-sector novenent of the optical pickup is _the interleave unit

di st ance, mehagsmantofdate ¢oReRIRINEd GAFt §XPMALE cdh DA RIANABYPT r om
the difference between the track buffer EnBuL and output transfer rates Wr
and Vo, aR@tMeersitndenleaeed rdekdbutfef1SPedNFerdSaYRE F0rtR&afBPe, 20

t hat conpressed data is belng . output at_a constant .rate ' ap_i pnput
Lransor PREG I VEL b pRoGHEE S bt BEC PraRsPar FhE o8t kobS, and a
track buf{er Ci . i I (LS c [ eaved units
ILVU i s 1&?88?%2‘cttt§%’es§’ti%érga%r€ast ‘E%é’gﬁéﬂghrt?‘%t g’?‘%&%&ﬁ?ﬁnﬁ% LVU 25 to

i nput to ERgrlladerPyderud & atenbhenekrval o4ty enhess 2002 - 109

260- nsec equi val ént of playback data before the reading head noves. In
general , RARAKRIdNT ipacel vatield imtabPalste ekpplaykackadamdacstore

this much data to the track 5 buffer before noving between interl eaved
units | LVthespuee&@ntation time on the digital video disk within a

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

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

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

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

in the digital video disk.



data nmust be input to the track buffer for 0.7 sec. at the difference
between transfer rates Vr and Vo (= 2080 Kbit/(11-8) Mit ~ i me
needed to read enough source data fromthe recording nediﬁ‘{mﬁﬁ){%r%be ?@Pﬁe
sufficient 10 data to the track buffer to provide for data consunption by

t he decoder while the optical pickup is noving to the target interleaved
unit |1 LVU and can resume data readingSi-s defined as the m ni num

accunul ation read tine. The mninmuminterleaved unit size, i.e., the 15
amount of data that nust be read, is therefore 7.7 Mits. Converted to
presentation time, this makes it possible to interleave units with a
presentation tinme of 0. 96 sec. or greater with presentation tinme intervals
| ess than 20 sec. between interleaved units. By reducing the system stream
20 consunption bit rwhen phleralnicfurmrecoinddtd i streend tirege can be reduced,
and the size of the interleaved units can be reduced. Tt is al so possible

t 0 i ncr easerterjaayabl echenpawightionc paukisn'V e fimengetled unit size
One nmet hod of connecting scenes is shown in Fig. 25 35 where the foll ow ng
scenari os aedayfdssitiic betveen thesindearisaverb@rcks mustoaheoctbd to
scene D; scene A connected to scene B, which is substituted for a.certain
time segmeAntErledeifd BT MIARELRRAAVREINENMD BF dEhePISK viRRBRET s

simJarly suhstituted for a certain, tine segment of scene D bui for a S
di ffger ent P -se Q%Ws%énglgturﬁssgﬁ &ésé"ﬁr’%ac]ejn% D YRIEyr t her

bl ocked i D | , 3. Th
cor T sepondFRgtEs R SPHY S REERET ) ot 15, 8ok R Wished Matdo iR,
. = PR buf
o0 P anat eisr SRyttt R Iind POStneRRIB Tinbbkedirdqlf 2dRCIG DLTAEL &

data size @fagRGEh ERN@HS ﬁ@f&@ﬁiéﬁa?akhewb(i}éeg\é@JéiE‘al(ﬁz G 16 SELayegand
can be arrayed within the distance that can be junped between connected .
scenes as ¢e%er ithed nitder: db dovevpickehenrsgaieednifidy thgsanme starting
points but different end points, e.g., scenes B, C, and D in this exanple,
ar i nt er | paesentlrien diifrfer ent system streans becone interleaved during
the period corresponding to scene D-1, two system streans becone

interl eaved during Zhe etpeanovagageaspindnd@rmeicenecantained pnocessing
tends to becone complex. It is therefore nore conmpn when interleaving

plural vi dEBSoBPEErdeEEd ¥ 19R%r | BIEO obfBE t SURAPRAG UEIfe e PRGNSRy and
Th E g | 36CanShy LR Gt RIh R SR enE BEACEOBede e tevor Ty a5
14 Novenb -111 ¢t b ifvi . DOLE whi.ch .pl |

diver;g aﬁ%egggﬁggF,%F.E&%Qtﬁéygkg¥;%%%&gﬁﬁgg%gggo?%fsFH% Q%t%{ﬁrafcenes

i nyer | eave i bikec \Y I | eavy chin nectin
soafes tn PREAE KA khe e kLR £8LLO0oPRERCINT] BB TGS ! N0

interl eavedawkkh bbepﬁbﬁgﬂi%@%@dmm% nt§ thergegcal te4asdariNe The
interl eaving concept is described in further detail bel ow The audi o-video

(AV) syst eprskeeastgasenireed sl@ e AFl1pnehexeapkerot vatieol eavwdied Wi th
time information.
and sub-picture data. One pack in the digital video disk
system has a 2048 byte capacity as described above, and
20 contains a pack header PKH and one packet PES; each packet
PES contains a packet header PTH and data block.
The pack header PKH records the time at which
that pack is to be sent from stream buffer 2400 to system

decoder 2500 (see Fig. 26), i.e., the system clock

25 reference SCR defining the reference time for synchronized



This interl eaving nmethod arrays audi o and video information having the sane
ti me-base so that data input to the buffer at approxinatqu%$&gﬁﬁégggbiine
is in physical proximty, and data units having approxi mately € Sane
presentation 15 tine are arrayed in alternating sequence. \Wen one scene
can be replaced with another scene in titles such as novies, however, the
ti me between these plural scenes oft&h-differs. Wen the AV system stream

i nterl eaving nmethod descri bed above is applied in such cases, the

bet ween-scene 20 time difference can be absorbed by the buffer if it is
within the junpable time. If the between-scene tine difference is greater
than the junpable tine, however) the buffer cannot absorb the difference
and seanl ess playback is not possible. 14 Novenber 2002 -112 If the track
buf f er sizeud d-ncissedisvai praghaekt he Thieo MREGfsthatdat dasssamedHethat
accunmul ated at one tine, a longer junpable tine is obtained, and the

i nterl eave thei tsyetters exleck eraference §6Fi [y ddteenmsfackndenlock ef@cti ve 5
operation enabling the user to select fromanong plural scenes (e. g.,

mul ti - angl &hec @mdshran déecedeni eperptagback Witthe sy ehi st imed 2 nes othehe
previous angle streamis increased after the angle (stream is changed if

t he inter| 8d@ddadnitidgq \Adsky é‘%ﬂ‘éeFonﬁéF“eaﬁﬂg‘P%%rﬁpﬁﬁlfﬂp de? a

stored at qne tine is ihcreased. This aJso results jn nore tine bejn
o rod f aPdiv A A TR YerT | SERRRROE St BN af TR TRk

f 8P ie _ KAl
5 or event REGAPE (IRRATTo,F LT EED. 1F oRBEEGOr Eng CRRHARS 1 AP BIAILT of the

aut horing decoder ded 8342 ssyppld faomd hes siream source
is consuned for QeE§H¥%SS%§E§E§HggCOger. A najorzggﬁséQQ% {ﬁﬁs%data

under f | ow 'F:E:@%%n't%tti% 20; e chiadths abT SOYRAEAT dekokieiORindls tingk Wps | hough
there are lesser factors such as the decodi ng speed of the communi cations

(decodi ng) poyst @R wWEERN Xl p TOYeient thet PacRpti ®alf ofiec e iatdegy obl em
when the optical pickup scans the data recording track TR of the optical
didk Mto dhitegdthdntdecddirer lwaving iBhal poeseetiad ivinert imec @atdimpy A& 14
Novenber 2002 - 113 data to the data recording track TR of the optical

di sk M Thdeddved ridnespdane cft tWiel dorthai eadeondaspsoamasaliicaldedabecone a
probl em when the source stream.is supplied directl¥ as occurs with live

br oadcast s copiBiaedeligyitdierParkald Petd deli EHERUTI Afe theaRdmydsicHns,

broadcast satellites and ot her_ rad] o, wave._transni ssi.oqns, .and ot her S
wher eby t i BEEPEGNEEHET LI 14GHIARReFIRoRnE PEEORATHy SHit ShegR tHe

user' s si de [hn such cases Lhe JrAnsmL o0 SONr g8 SLCAMIIS! 1o

i nterl eavel® ving can thus~be nore specifically 5bfined as the

Prggess whaLaBute SRl GAfdd Gthd bSO 4EiSh' ERHLCAMREpSRAG source data

groups of plural contiguously input” source data blocks i1s arranged in a

particul ar e§?a!é%a%1wareeﬂ}hé§1ecﬁi@sai§§h&yaéegked);iﬁ%rgcefd%h@ GRizelaes 15

intermttently and séquentially accessed to contiguously reproduce the

i nformatiognig,t hed aneelRERDIHE & iifd astdhp DTS effectively defines
the decoding start timing of the access unit. If the PTS
and DTS are the same time, the DTS is omitted.

20 The packet header PTH also contains an 8-bit

field called the stream ID identifying the packet type,
i.e., whether the packet is a video packet containing a

video data stream, a private packet, or an MPEG audio

packet.



duration of these intermttent breaks in the input of the target source
data that is to be reproduced is therefore defined as the“!ngrﬁ 085 t he
interleave control. 20 It should be noted, however, that an er €aving
met hod for arraying on a random access di sk novi es and ot her commn t|tles
cont ai ni ng scene sel ections that may branch and reconbi ne according to
various scenarios in a manner whereby ®/ideo obj ects VOB contai ni ng vi deo
data 25 conpressed with variable | ength coding has not been 14 Novenber
2002 - 114 described. Wien arraying this type of data to disk, a certain
anount of trial and error is required using the conpressed data. This

obvi ously nmakes it necessary to define an interleaving nmethod for arranging
plural video 5 objects in a sequence enabling seanl ess pl ayback. Wen
applied to a DVD syst emiaatoe grdiostts abnder thesHPEGAestalndentds are data
distributed to positions (navigation packs Nv) within a specific tine-base
range boundeR®feBOPofinkhecht Kaeusiontentyickdd kit Breehprdefiord.10 The GOP
data | ength, however, may vary as_a result_ of user-defined inmage

mani pul at i or?%*‘é%‘é%slééciﬁﬁtl At A&- fthdfe e@‘tﬁﬂqid"qrﬁ'seﬁ’@ e’élhqio%nﬁﬁgﬁépnl dgge

quality. Thi s ans that the | ocation t he managenent packs,(navi gation
packs Nv), %?ecﬁﬁ’f)linaléﬁtm A2t I‘Pg'hﬁrre%’rﬁrht I hﬁ?'ﬁ’g a\&gﬁgvgf“ 115

Thi h which_th h th i cal
oi ckib | mpeith THERESE SHat 2B acR N e B Bnck SBOLRECEhe ?ﬁ%ﬁ?!ﬁi”‘te.

Furt her nor e, n es are |nt erI eaved together, the |length of
cont i guousl )Paréea(:‘l(:j}é ;gr?(g ;ﬁéfl ﬁa fg’lﬁl te even if the next junp 20 point is

known. Thus, the dat anE@aIE‘é'% dﬂ:%ﬁ‘tlé 10 P %%%‘Jzﬁ{pﬂéér tBScQ@E‘ angl e
data is read and switching the playback data is thus del ayea The present

i nvention thﬁa&féﬁe B Dvd€esdataetiped , anddappaatasseLnabin s eoat 8sgatat a
reproduction using an 25 optical disk having a data structure whereby data

is shared akkd\oventein2082 8-hib sheteteeam IDalirndidatsineg wétiéenthy
utilize the avail abl e optical disk space, and a new function called

"mul i - angl Fesaded aptalutsi andipsdathi evegubTipd ot dlatel. apfee atudiof

the present invention are described below with reference to 5 the

acconpanyi ndatiggdakingditey | Baleate| barkesd2| Aedr beadefimed B any of

i nterl eaving ,methaod enabling seam ess data_reproduction accor ding to the

present i nvEHIVn HPRest? i bell’ bt obt RFER FEMePEndEo elfi‘i? oh G Fig. 37.
10 Shown in _Fi IS acase fro tQr ee scena he derive
i.e., brancﬁluﬁg'%érﬂ S4B Y)b%;n%c?efltﬁ #8 8R& & %ﬂ JE‘%P%%] get s
VOB- B, VOB-C, @ nd VOB- D,, and then mergi ng back agai n to a si ngl e video
object VOB-E. "The actual arrangement of these blocks recorded to a data 15

recqsdi ng track TR onplh Skata shewniknthedridda RS QidY dL£19. 37, VOB-A
and VOB-E are video objects with independent playback start and end tines,

and are in ponpfiedseardayei gy Cont tigs OMBEDL Osketegiioatiohs ihamitteli 0
24, the pl ayback start and end tinmes of
if the stored data is video data; linear PCM, AC-3, or MPEG
encoded data is written if audio data is stored; or
graphics data compressed by runlength coding is written if
20 sub-picture data is stored.
MPEG2-compressed video data may be compressed by
constant bit rate (CBR) or variable bit rate (VBR) coding.
With constant bit rate coding, the video stream is input

continuously to the video buffer at a constant rate. This

25 contrasts with variable bit rate coding in which the video



20 VOB-B, VOB-C, and VOB-D are aligned during interleaving. The interl eaved
data bl ocks are then recorded to disk to a contiguous int J$ea¥@%aghﬁgk
regi on. The contiguous bl ock regions and interl eaved bl oc %%ﬁ g t hen
witten to disk in the track path Dr direction in the playback 25 sequence.
Plural video objects VOB, i.e., interleaved 14 Novenber 2002 - 11b video
obj ects VOBS, arrayed to the data ré8ording track TR are shown in Fig. 37.
Referring to Fig. 37, data regions to which data is continuously arrayed
are called "blocks,” of which there 5 are two types: "contiguous bl ock
regions” in which VOB with discrete starting and end points are
contiguously arrayed, and "interl eaved bl ock regions” in which plural VOB
with aligned starting and end points are interleaved. The respective bl ocks
are arrayectwsamshosninputi gntadmirt tielme 140 b aybackidequputeeri,. €heddiwek 1,
bl ock 2, block 3, . block 7. As shown in Fig. 38, the VIS title VOBS (VISTT
VOBS) congiaiting it opkssible7toi seppsiess BiookerdexaniannefVOB~1 al one.
Blocks 2, 3, 5, and 7 simlarly 15 discretely contain VOBS 2, 3, 6, and 10.
Bl ocks 2, Whnexesgrry @P@et huBogbncrgsdad ik Take onkd BRBERDPAe Huitever
contains VOB 4 and, VOB 5 interl eaved together, while_ block 6 contains VOB
7, VOB 8, T&t® R ng (t2R| BavBdetoddt hE° WL &R 6dbFk EXES e

LPtCLlfgved bl ock rg igggé &E%Gi3E%%Eﬁdﬁ§§?&%FrUCtufeSOf thg cont i guous
k regions is sh Frg-=3 VO i - AnT R REE T §Ar ¥y Lh as the
PRI Tt b R A A e SRR
logi cal I'y fioyifletk idd&ures GoP is not constant. The video and audio
decoding times also differ, and the time-base relationship
between the video and audio data read from an optical disk,
10 and the time-base relationship between the video and audio
data output from the decoder, do not match. The method of
time-base synchronizing the video and audio data is
therefore described in detail below with reference to Fig.
26, but is described briefly below based on constant bit
15 rate coding.
The navigation pack NV structure is shown in Fig.
20. Each navigation pack NV starts with a pack header PKH,
and contains a PCI packet and DSI packet.
As described above, the pack header PKH records
20 the time at which that pack is to be sent from stream
buffer 2400 to system decoder 2500 (see Fig. 26 ), i.e.,
the system clock reference SCR defining the reference time

for synchronized audio-visual data playback.



14 Novenber 2Q0 - 117 cells as the playback unit. Both vOB-i and VOB-j in

this figure are shown conprising three cells CELL #~., LL
#3. Each cell conprises one or nore video object unit 5C5%Eﬂ§%PPﬁE? ggvideo

abj ect unit VOBU defining the boundaries of the cell. Each cell also
contains information identifying thefﬁgsition of the cell in the program
chain PGC (the playback control i nf-of%at i on' of the digital video disk

systen). More specifically, this 1Q position information is the address of
the first and Zast vaHU in the cell. As also shown in Fig. 39, these VOB
and the cells defined therein are also recorded tc a contiguous bl ock
region so that contiguous bl acks are contiguously reproduced. Reproducing
t hese~conti guous blocks is IS therefore no problem The internal data
structure of the intRadledR@d bhokktr egindas nss Rhbvener&l gIndormnahiche

i nterl eaved bl ock regi ons each video object VOB is divided into interleaved
units | LVU(PGRAGEhe ant &Nk ENERTRILTRIULLT NS SeRAEELSE t BRIFW/OH are

alternately arrayed. Cell boundaries are defined independently of the
i nter| eavetMAFLESFEVY. For exanple, VO--k is divided into four interleaved

CHLLok. vabe FEY KRnskal i St e fraofrl L AeS i ﬁfﬁa%%;ebce' |
| LVin?, , ; j i

Si ngl e céW%LEgm%ﬁﬁoN?\éﬁ%:[vﬁ@%%e%ﬁg éeglgné%ygﬁﬁpcgﬁi"ﬁf I(:Ir;EL;btmy i
each of Vogvdss_@ng y@ﬁbm%@xdoecw& Vdﬂ@%%%%teiﬂ@réft RaR hWRCqliso Mame

interl eaved units—I LVU t hus cont ai ns audio and 5 video data. In the

exanpl e shppwai prii 65 $8sUt N&oBY & [epvey, upht 8hblL¥bkkesihoYldizg Midde3, and
| LVUK4, and |LVUmM, |LVUM2, |1LVU,~and |LVUm, fromtwo different video

obj ect s V@»keatbduNDB- woaUe wdltieranaitedy aloayedracibibna (90 sHzgl.e
interleaved block. By interleaving the interleaved units ILVU of two video
obj ects VOB in thisTheqrergless Infoxmpbisnbfert Yoaclkieewd esendlegPpack
reproduction branching fromone scene to one of plural scenes, and from one
of 1Bl ural EBEFRSAEBIdnetatese thmireachishachvaddrpsscessthert her 1~ enabl es
seanl ess reproduction of scenes fromvarjous scenario threads in nost

cases. An SREERPRPNIENEOVIZEH QRIFGT IHIEr I 'ERBY ngheRakl@s8neéfr dduction is
even possiQ{e when there are th% e possi bl e ﬁcenaéio t?readghas shown in
Fig. 20 3503nged e¥RReEFgde 2R eséﬁﬂ%’eﬁf AN THeR"Po  E@BnE™B- 3 starting
at some m .0t e D, :fyr.am sc t Lanj f e » and
from scenebdﬁ%?0 rgﬁlé% ngfc?ﬁgnglidﬁg’n ot% eers?%eﬁled% 2h§?gr %%gtggrg ran]?gpgffﬂg in

scene D dictr{)e,;&mérfaﬁmQQBinA%ha@o\@kéﬂblFég-tﬁémiarjésnﬁhéoaneﬁi bl e by 25
connecting before and after scenes (scene D-2) to align the 14 Novenber
200 address declaration cells: Destination Address of Angle
Cell #1 for Non-seamless playback (NMSL _AGL_Cl_DSTA) to
Destination Address of Angle Cell #9 for Non-seamless
playback (NMSL _AGL_CS_DSTA).
Each DSI packet contains DSI General Information
20 (DSI_GI), Seamless Playback Information (SML_PBI), and
Angle Information for Seamless playback (SML_AGLI).
The DSI General Information (DSI_GI) declares the
address of the last pack in the video object unit VOBU, i.

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



- 119 starting and end points according to the data structure of the

present invention. Note that this process of copying scen to ali he
starting and end points nmakes it possible to seam essly rﬁﬁwSHﬂ@%”%©8%

conplicated threading 5 of dif f erent scenes . An interleavincL algorithm
conpatible with variable | ength coded data An exanple of an interleaving

al gorithmconpatible wth variable 1@Qgth coded data, i.e., video 10 data,
i s described next. When plural VOB are interleaved, each VOB is basically
divided into the sanme particul ar nunber of interleave units. It is also
possible to obtain the data volune (size) of each of this particular nunber
of 15 interleave units based on the bit rate of the VOB to be interl eaved,
the junp tinme and distance that can be junped within this junp tine, the
track buffaumsmmct seadotrsef roputheabeginntiog et thtee kvidéd eobjant t he
position of the video object unit VOBU. Each interleaved unit consists of
20 vi deo obinddt M@RUY.s VOBU, each of which conprises one or nore MPEG GOP

with a data quantity equivalent to a 0.4 1.0 second presentation tinme.
Wien data is inter| d8vble ERABMLRESr PéAVER il d9SAF 107%i #Q Sepaiate video

nl £5. i nt oAPEATed Lt BhOBHANDEr 2boS thabothRs CBRs SRS THAD SFEF v
units inte ed r - 0 o] I VOB
is ghorter than the m.ni ' Lt : i.f_the total length
of Bllaral PRAGH SXFE O erbe LesvER: CrHEtipaBRa oY s VR s
greater {NaR Lhg QI LSls |4 erheavpedlshanfite FhviNde dii,d gfate w |
occur when tfll:l s shortest 1nterleave ?/ 'S reproauced, an non-seam ess

reproducti @B awilds 185 Wdpi St eads9of i eeal eonphaBROGYGNIAN. Befigr# encodi ng
occurs in the present enbodinent it is therefore determ ned whet her

i nterl eavi agsit@ml%u@@%iﬂéolmtmmdimenl €REI Natiey 1RRSAD hm BaN ey
determ ned Tromthe |l engths of the pre-encoded streans. Because the effect
of interl eagi npecammalilestbeirntet exre ndelf ineddeaner, infteriead ddnbldatla
reprocessing, i.e., the need to adjust the interleaving conditions and
redBrd after 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 contains an Interleaved Unit Flag (ILVU flag)
identifying whether the corresponding video object unit
15 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.
When a video object unit VOBU is in an
20 interleaved block, a Unit END flag is declared to indicate
whether the video object unit VOBU is the last VOBU in the
interleaved unit ILVU. Because the interleaved unit ILVU

is the data unit for continuous reading, the Unit END flag

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



15 interl eaving and encoding are once conpl eted, can be prevented. The
interleaving nethod for recording to an optical disk accoydi,ng to

present invention is described specifically bel ow, startiﬁﬁ“ﬂﬁ?ﬁp¥h@8%it
rate of 20 the recorded VOB and the perfornmance and ot her conditions of the
reproduced di sk. When interleaving is applied, the relationship between the
track buffer input transfer rate Vr- dahd output transfer rate Vo is defined
as Vr > Vo as previously 25 described. The maxinumbit rate of each VOB to
be 14 Novenber 2002 - 121 interleaved is therefore set to | ess than the
track buffer input transfer rate Vr. The maXimumbit rate B of each VOB is
therefore set to a value less than Vr. If in the evaluation determ ning
whet her interl eaving enabling 5 seanl ess reproduction is possible it is
assuned t hAOBL Lipl thal iMOBrieatsedi nhétl GAVED arcthenuodesl thé hUnbhsENDt bi t
rate (CBR) coding at the maxinumbit rate, the interleave unit data vol une
is maxi m z&d2a Hes t$efe tha®. can be reproduced fromthe data volune that can

be placed at the 10 junpabl e distance is shortened, and the interleave
conditions are stri n%’én ntepieavea: Undlh £nsk Adap el OW-YWaEAkach VOB i s
encoded wi th constant bit rate (CBR codingﬁat the maximumbit rate. 15 It

i s assunediffYHERGY cﬁlﬁ%ga%%??p%’foﬁhﬁf F& PESFoddctih HoParE®us t hat

t he i st L h ti ' ' ithin, disk j ti JT d
as 4 ot o QO (974 SR & a o 2REoCIRY SHRBCLRE FHARE TR YRS T At 1o
the t k : t4 t [ lqTpr Jal t f

act ual 1 opf Bt TR A A (B LORUERBLE EheeR1ctvEld it i fidPe pe

junpabl e dhglaRee JMT j I dPetiiSo) EB15FBR dhen!RE vIRIHIMEBPiLLrat e
B of the VOH in thgwaéggfgéﬁéznis %efingd as 8%8 Nb§§n§%'00n5|derlﬂ%é¥hat

an averageufiMowDBEs L4 rad 1ncobldivied BhobRVENBBEN2@P2 Tnkdd-14408E
quality superior to that of a conventional VCR recording. Based on the

j unpabl e duatian@ad) Mddreys t {IEVU TEA prahdaNaxt eadteriea vedonmdits st e
target values for the 5 smallest interleaved unit size |ILVUM and the

small est | Addrlessy o NThITL VR e3fontait ¢ oexpreesed VasTtheenvaber aifededdtats The
smal l est interleave unit presentation time |LVUMI can be obtained from
equat i on 3frand thise nayydigadsiion magh 88 @ ubrat sVY@BUL LVUM can be obt ai ned

fromequation 4 10 bhel ow.
When two system streams are seamlessly connected

but the audio components of the two system streams are not
contiguous, particularly immediately before and after the
15 seam, 1t is necessary to pause the audio output to
synchronize the audio and video components of the systém
stream following the seam. Note that non-contiguous audio
may result from different audio signals being recording
with the corresponding video blocks. With an NTSC signal,
20 for example, the video frame cycle is approximately 33. 33
msec while the AC-3 audio frame cycle is 32 msec.
To enable this resynchronization, audio
reproduction stopping times 1 and 2, i.e., Audio Stop PTM 1
in VOB (VOB_A_STP_PTM1), and Audio Stop PTM2 in VOB

25 (VOB_A_STP_PTM2), indicating the time at which the audio is



ILVUMI > JT + ILVUMBIT [3] ,. ILVUMI x B = ILVUM[4] Fromequation 3 the

small est interleave unit presentation time |LVUM is deteyn 2
sec., and 15 the smallest GOP block data GMis 17.6 Nbit.{‘{lﬁhé\ge%éeﬁzpﬁ%

smal l est interleave unit, which is the smallest unit of the data | ayout, is
a 2-sec. equivalent data quantity and each GOP conprises 15 franmes (NTSC
format), then the smallest interleave #nit is equivalent to the data stored
in four 20 GOP . As also stated above, one interleaving condition is that
the interl eave distance be |l ess than or equal to the junpabl e distance.
This nmeans that except for the VOB wth the shortest presentation tine, the
total presentation 25 tinme of plural VOB to which interleaving is applied
nmust be 14 Novenber 2002 - 123 shorter than the time that can be
reproduced wtbhive taasied erdrehveadistzepeodbétasni stiope inl e reedp| £ ahea

j unpabl e di stance JMis 250 Miit and the maxi mum VOB bit rate is 8.8 Mps,
the time JMI2t hat ecan Avdire fag destivi th Hnt VeBd4VaBgRa AR \LENIDd awmd hi n
the junpable distance JMis 28.4 sec. It is then possible to calculate an

i nt er | eavabl duddadiGaroderafiatd om Mhg( YPRsd_GAPLEEN2)f, dadiocztBna for
interl eaved block region is divided into the sanme nunber of_ interleayved

bl ock and t hPS¥ndRRgr the ARdif & &R R RIVEROnsAFe ¢#150q38GIaFss ¢ be

obt ai ped fromth ondi tiqgns the smal l.est interleave unit .| engfh.
(presgntatioﬁhﬁiﬁé&opa§ -es&%&ﬁﬁﬁh4gajﬁe%§_ 1pef Eﬁﬁa??&ﬁ*§%é£1§Wmﬁpe

al so be obt aj r the | le p tion time conditions. 15 v <_
(presgntatio%gggﬁé §EB§R|Fb%gH%§é§bté§ﬁ§§% st_VCB)/JNW (6] Plural VOB can
|n principle be interhgayathdle Lt A0Ne; SANGLET SBandkEd hidad | N
practical terns, VOBU conpensation to the value calculated according to the
above 20 equaéugnﬁsm)rna@eq%%reg heGaueRd o d it e d@ANEsURhES 8he Lidgited to

t he VOBU boundaries. To conpensate equations 2, 3, and 4, it is nece€ssary
to add the nbxi snahYeBU t Nake( that this field is valid when seamless,
10 multi-angle control is enabled. This address is also
expressed as the number of sectors from the navigation pack
NV of that VOBU. Because there are nine or fewer angles,
there are nine angle address declaration cells: Destination
Address of Angle Cell #1 for Seamless playback
15 (SML_AGL_C1_DSTA) to Destination Address of Angle Cell #9
for Seamless playback (SML_AGL_C9_DSTA).

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

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

A preferred embodiment of a digital video disk

system authoring encoder ECD in which the multimedia

bitstream authoring system according to the present

25 invention is applied to a digital video disk system is



O sec.) to the smallest interleave unit presentation tinme |ILVUMI, and
reduce the presentation tinme in the interleave 25 distancg ﬁrﬂ bg hg@z

mexi mum VOBU time. 14 November 2002 - 124 If it is det & hoNdBP P 2an
interl eaved sequence 5 10 15 enabling seam ess playback is not possible as
a result of calculating the conditions for interleaving the VOB scenes
before encoding, it is necessary to-i7dcrease the nunber of interleave unit
di visions. This nmeans increasing the length of the scene formng the
shortest VOB by noving the scene therebefore or after. It is also necessary
to add the sane scene added to the shortest “scene to the other scenes. In
general, the interleave distance is significantly greater than the shortest
interleave unit, and the rate of increase in the value on the left side of

equation 4 4&8s@FreBEAr bkhaw M igdwensa iFidhe2sal ugtonibhe vl PYvigule of
equation 6. As a result, increasing the size of the shifted (noved) scene
can result tWasathaf yuthotriecalEnmdeondad cnsplTbé toatkebdibdrainpiiideo
transfer rate V\r and 20 25 output transfer rate Vo nmust be in the

rel ati onshigisk sy¥oemns teserirized tabded dwixas he O¥D aenaotlke,i dker | eaved

bl ocks. The optical pickup may also junp immediately after entering an

i nterl eaveds\wpatantEdgldy fAemtd cadnttiogidi®s I RRr +gi encofarwBCcishoage |t
is giso necessary to store the datg fron1innediatel% before the _interl eaved
bl ock regi of? Fh¥s fakedhPt PARSASs Sy ererGhreisiethethpeer gPECGPTade of
the data in_the VOB i mediatel y before the jnt aved_bl ock .region. 14
Novenber 209% -r9Bkacepeq éf’s%‘hﬁob ' bleé‘ctc’r#a rﬁé‘?o fi@&? BreRAp2RES j unp

i mredi at el y, tering angint I L guo bl , in
wnion case T TEERER 00T o0 e SHERRH RS eI BE SEPLLTYOHR 2 968

ggt”;i ]9‘;8‘;15 Wl PE&r | {5F81 2h8! ¥ormBehare 149 . ntar Leaved plock. apgighare the
that the bitstream encoded by this DVD encoder ECD is
10 recorded to a digital video disk medium M. The operation
of this DVD encoder ECD is therefore described below in
comparison with the authoring encoder EC described above.
As in the above authoring encoder EC, the
encoding system controller 200 generates control signals
15 st9, Sti11, St13, Stz21, St23, St25, St33, and St39 based on
the scenario data St7 describing the user-defined editing
instructions input from the scenario editor 100, and
controls the video encoder 300, sub-picture encoder 500,
and audio encoder 700 in the DVD encoder ECD. Note that
20 the user-defined editing instructions in the DVD encoder
ECD are a superset of the editing instructions of the
authoring encoder EC described above.
Specifically, the user-defined editing
instructions (scenario data St7) in the DVD encoder ECD

25 similarly describe what source data is selected from all or



i medi ately before the interleaved block to the track buffer. The target

for suppressing the maximumbit rate, i.e., the anount tq% hﬁ%ﬂb@bi rate
is suppressed; is the presentation tinme of the shortest interleave unit,

whi ch 10 can be calculated fromthe maxinumbit rate of the interleaved

bl ock reproduced after the contiguous bl ock. Note that while the above
operation has assunmed that all VOB aff¢ -di vided into the sane nunber of
interleave units, it is also possible to group the VOB into a group of 15
VOB containing a divisions (interleave units) and a group of VOB contai ning
a+l divisions when there is a significant difference in VOB length. This
can be acconplished by defining the m ni mum nunber of divisions in each VOB
obtained fromequation 5 as 20 a and using this value a for all VOB from
whi ch a gr eatRipdulbef Bhei Bbarkbeawa tdniddhaiiiig e obi ai pedi eangdivsiing

t he nunber of interleave units obtained fromequation 4 up to (u + 1) for

| arger VOBa Hifdred itimetpateddi nahidghodl thEhesaddeted racitce ahthhes
interleaved unit 1LVU 25 in another enbodi nent of the invention is shown in
Fig. 42. rkadymmnbai 200Pepradtcel nhiehissestamict ufsequenar)yi atendegack NV
described with reference to Fig. 20 is placed at the begi nning of each

vi deo obj edty e By, dhdet Aeedariof AgheofE Tl gdie AV aekcdder oECD,

i medi ately before the next navigation pack NV 5 is defined as one video
obj €ct uni howepler THONARRD B ERLNENFRCPOBDIFHAFEae & Sret idr e RankaE

boundaries of .the interleaved unit VU, each of which is | onger than the
length of Cfe SHFGFARHICIMERTEAVED gﬁ?tedﬁﬁﬂ@ﬁ PO 18i5a WhEF R 1B t he decoder

f bt rat .ot her 10_copsi ti i t] 5 and 6.
P of 1t nEEERARSEAY O 4 pR - e, SR kT RS 0 pack N
. . S VU | g U
tha pack DA By D n: Capfe 1aKEa2aaD BRGNS Uil Slahd
the | LVU t g phiGh-tifie WaBl bebPDgscorndihBe BaxkabhVdistaald, adfd asse NT_I LVU

SA. The position to which the start address NT_ILVU SA points 1s the
address of supediictairepatiksd ¥ timé henaepkriibter WhateddruniHe 1Hiid oidea
reproduced, while the ILVU end pack address |ILVU EA points to the end 20
posi ti on ohuflitd -ratterd eaivtele uema bl vy paneatrailndothe cend rpack widkttess | LVU
EA. Note that as previously described these addresses are expressed as the
nunber of tbet wsexf cemtent nkwi gt ¢obePatkomVPévnadi strgamse iaddneting,

i nformati on. ] L
for example, multiple viewlng angles; and the method of

connecting scenes when the angle is switched among the
15 multiple viewing angles.

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

20 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 interleaving and the disk

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



When a video object unit VOBU is in an 25 interl eaved block region, the
next-1LVU start address 14 Novenber 2002 -127 NT_I LVU ' he
start address of the next ILVU, simlarly expressed as tﬁgrﬁﬁﬁﬁg%r2?0£
sectors fromthe navigation pack NV containing the address information. It
Is therefore possible after reading the first 5 navigation pack NV data in
the interleaved unit ILVU to obtain 4sne |ocation of the next interleaved
unit ILVU to be reproduced, and to what disk position the current
interleaved unit ILVUis witten. This nmakes it possible to only read the
interleaved units ILVU, and to snoothly 10 junp to the next interleaved
unit LW Milti-scene control The nulti-scene period is described together
with the concept of nulti-scene control according to the present invention

uSINg by gk eh XA A AL | EofifBLL ShErseiRe el hd i BAeGo L Ohe

di fferent angles. scene in nu -scene co I'S Tecor fromthe

sane anglegrgg%#?gﬁl% d o iRy difbgpent tines or may even be conputer

graphics data. The "nufti-angle scene periods nmay therefore also be called

nufti-scene 20 periofife &E6atal §98tERl cORErEINEEPt2OF &LEPLEE80tAKYS al
titles conprising alternative scenes for such functions as parental |ock

control andnfeematiing dreactithe sscatisris dasar shed keldowaHersiarw thg. 43.
14 Novenber 2002 -128
5 encoding information table and encoding parameters required
for encoding control. The encoding information table and
encoding parameters are described with reference to Figs.
27, 28, and 29 below.
The stream encoding data St33 contains the system
10 stream encoding parameters and system encoding start and
end timing values required by the DVD system to generate
the VOBs. These system stream encoding parameters include
the conditions for connecting one video object VOB with
those before and after, the number of audio streams, the
15 audio encoding 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
20 the multimedia bitstream MBS formatting start and end
timing information and formatting parameters declaring the
reproduction control information and interleave
information.
Based on the video encoding parameter and

25 encoding start/end timing signal St9, the video encoder 300



An exanple of a multi-rated title stream providing for parental |ock
control is shown in Fig. 43. Wen so-called "adult scenes;, (oM 'épj@g sex,
viol ence, or other scenes deened unsuitable for children are contained 5 in
atitle inplenenting parental |ock control, the title streamis recorded

w th a conbination of common system streans SSa, Ssb, and Sse, an

adul t-oriented system stream 5Sc cortéai ni ng the adult scenes, and a
child-oriented system stream SSd contai ning only the scenes suitable for 10
children. Title streans such as this are recorded as a ' mnulti-scene system
stream contai ning the adult-oriented systemstream Ssc and the
child-oriented system stream Ssd arrayed to the nufti-scene period between
comon system streans Ssb and Sse. 15 The rel ationship between each of the
conponent &hnébassandspleeifiisi et reanthecoided seridwn BHPren goaepateC of
atitle streamthus conprised is described below The adult-oriented title
progr am cham ne P&Séntanyr isseeam curfimnming htocbheoNPEE dndis estmandsadand
20 Ssb, the adult-oriented system stream Ssc, and the common system stream
Sse. The chefiinedi ént 8§0r438 &r oiTuks chbeMePEERY cS¥peagesis mukpukente t he
common system streans Ssa and Ssb) the child-oriented system stream Ssd,

and the cdem®nvigspeftsepsahvdder 400 agpenpefedoyrdec) sfragm t$iuks.

arraying the adult-ogriented system stream S$sc and chil d-oriented system
strgam Ssd to a nuf for& E)é’?l'i’oﬂ% the Hégﬁﬂi RGCREEToP P pRrEres

descri bed can_reproduce the title containi | t-Qrien content . by.5
reproduciﬁU’tﬁéeﬁs ﬁys§§F§ﬁF§fF>éﬁﬁ%éggggﬁ%aggﬁ,Mﬁhgg gﬁ#%ﬁﬁi%ﬁf%ﬁﬁgh
repr oduci dult L Sy LM Sid &% Lepr cing the
[ oPr oduct et i dduh! 18ELANNAY YU S AR St B LR RPN Lhe
chai n PGClin Ryt ali 8" 8k veked @i ingy tﬁ&é&ﬁéié’r%i?ﬁhﬁd sliot | @ program 10
chain PGCZ and selecting the child-oriented systemsfream Ssd in the
muf ti - scenm@rad 8y Bhehiehdodrinentsatrit tdred fermdn ¥ £hgt he iadwaiceor g ed
scenes have been expurgated can be reproduced. This nethod of providing in
thitdtitl e eviced@ing &SnauttionscEoe e echaxhirar starpl andl ealdt,erciat | ve
scenes, selecting which of the scenes in the nufti-scene period are to be
r epr oducedndieénizl ptppbacincdygding ahetderertdie mapénial tst kes NOSQ ami ng
essentially the sane title content but different_ scenes in part, is called
parental IRk vidednsienalNere tefecipsr sarertdk vakerdplisasd naned
because of the perceived nggd to Erotect hi | dren, from undesi_rabl e content.
From t he pEISREE | FRe oPNEQEEBM TPPEahSp S hELHRSEVEPENpGPENCA | ock
control is tech o] 25.for statically generating different title
streans bﬁz %é 88%4g§59§%8gf 2002 - 130" of the user pre-selecting
spegcific scenes fro It d d , sthat this

& Fha gr%édz %%%fl%ggﬁ Oﬁf’od Nog %aéi‘&éﬁgh ah

contrasts with multi-angle scene c which 1s a technol ogy for

dynani cal | ) «hapging £881iAgNhERhoA! Uit ¥R tddr e PY: PBANSeBwRENt he user
selecting scenes fromthe fulti-scene périod freely and in real-tinme during

title pl ayiackes Thos Rakenhal sigeak1cedpelessd&H)0l DY, cathal geahe used to
enable title streamediting such as when making the director's cut. The

director’' oeainigred@esd {theheapyetessahe)ofisedidded) Inertafarsnenryg from a
novie to, for exanple, shorten the total presentation tine. This may be
necessary frfameexbepbee apdé¢drt afterathee thaggth inane. f cioveéeakng on an
ai rpl ane where the presentation tine is too long for viewing within the
f1304ht ti e te?ied nfEa8neeEnt 1- . , frames that are coded based

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

25 ("intra-frame") is called a group_ of pictures GOP.



15 may not be acceptable. The novie director thus determ nes which scenes
may be cut to shorten the novie. The title can then be re ] oth a
full-length, unedited system stream and an edited systen1§€$§§%¥%%2@8?ch
the edited scenes are recorded to nulti-scene periods. At the 20 transition
fromone system streamto another system streamin such applications,
parental |ock control nust be able t-o7fmintain snooth playback inmage
output. Mre specifically, seam ess data reproduction whereby a data
underfl ow state does not occur in the audio, video, or other buffers, and
25 seamnl ess information reproduction whereby no unnatural 14 Novenber
2002 - 131 interruptions are audibly or visibly perceived in the audi o and
vi deo pl ayback, are necessary. Milti-anctle control The concept of

nul ti-angle scene COrX rgtow dhepScpugeenGomentith scolebed | Dedcnexkaw t h
reference to Fig. 44. In general, nultinedia titles are obtained by
recordi ng bobthplktedydivd tanich Viilde ¢OF of saknown( esl kedttleaded "aasor dif ngh

bel ow) of the subject over tine T. The angl ed scene bl ocks #SCl, #SM,

#SWR, #SMB, gmAdplofyfdRtremedR cortainingedi 4remencodsist aiitdd at
recording unit tinmes T1, T2, and T3 by recording the subject at respective
canera angl¥8ferepres tASHL TuaNp 1Rl BARBeAiBIr eEofQdd oxtingut(FHq-213818
diffgrent (first, second, and EE%rd) caner a anales durin% recondin%)unit )
timedT2, andCEFeNPE LatdTedtedBbIBWLEtEFe FPPING Eocorderansing fASThgl ed

. No h h ltis [ f d_h [ basi cal
Aecumed 10 EENBRPLeSEeRRoe s SO0 HAF T (0 1 6P onORRGERE: Thd Csclnes. may,

however , %%Qrgggggdﬁggfsggfé %%%@% €a bHioEEdd.bBI'-’eﬁggkgt I8 t%rattthgey

may be co er graphrc ngl e scene periods-are thus

mul ti-sceneggp! | Ofaptb@NCHNL RIPIdES EFENESokaPel s §Q§SCE@gufj.9Es the
presentation in the sane tire period, whether or not the scénes are

actual |y regeéegeficat o25ttiel reifite e 'CORN W &terally thuegber p2@82ainks2
Scenes #SCl and #SC3 are scenes recorded at the sanme common canera angle
durildg recotlte ngpeni GoPi.nes T1 and T3, i.e., before and after the

mul ti-angl e scenes. These scenes are therefore called "conmmopn angl e
scenes." Note 5 that Thee GOP tise gfifen pised aper bhangteesasadiitn t Ror

mul ti-angle scenes is usually the same as the conmon canera angle. To
under st and @FR"PLEat FBASAPE Pétwden usfskas the playback start point

for reproducing a title from the middle, as a transition
point in a movie, or for fast-forward play and other

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

Based on the sub-picture stream encoding

20 parameter signal Stl1l, the sub-picture encoder 500 encodes
a specific part of the sub-picture stream St3 to generate a
variable length coded bitstream of bitmapped data. This
variable length coded bitstream data is output as the
encoded sub-picture stream St17 to the sub-picture stream

25 buffer 600.



various angl ed scenes, nulti-angle scene control is 10 described bel ow
using a live broadcast of a baseball game for exanple only, ndisns P68
angl e scenes #SCl and #SC3 are recorded at the conmon caneragangﬁg, mgich
is here defined as the view fromcenter field on the axis through the 15
pitcher, batter, and catcher. The first angled scene #SML is recorded at

the first nmulti-canmera angle, i.e.578he canera angle fromthe backstop on
the axis through the catcher, pitcher, and batter. The second angl ed scene
#SM2 is recorded at the 20 second nulti-canera angle, i.e., the view from

center field on the axis through the pitcher, batter, and catcher. Note
that the second angl ed scene #SM2 is thus the sane .as the comon canera
angle in this exanple. It therefore follows that the second angl ed scene

#SM2 i s the same aspideqCefmeRe?avdiid eeﬁ@@@fmgsgraga_ewe@i%railng
recording unit time T2. 14 Novenber 2002 -13 he third angl ed scene #SM3

is recordediat, the tdidib nethébdeamzoa amgwies .2 .spddipf Lanpaptasgl ehkrom

t he backstop focusing on the infield. The presentation tines of the

mul tiple angie Stxeenest#SMoe ¢&hMeraserd the\Rroveiddpmudio edatai ngThast tine
T2; this period is called the "nmulti-angle scene period." By freely

sel ecti ngenpeded tehalimildapr enayighe datmedasOMl o INe MREGHSMBALA this
mufti-angle scene period, the viewer is able to change~his or her virtual

vi 8wi ng pesrndard slefiinedni vyl 8Ol tLéreandyithp MPﬁﬁ?e ML aStAPRER t he
actual canera angle is changed. Note that, ile there(ﬁgpears to_be a tine

gap bet we€RIdHHATMAFE Lt8H8s #Std FHFIPSERTR1d Ihd Tl (558 LRF2- scenes

) i i.0. , i i i | facili he' f
ﬁﬁ”ﬁm#%pﬁ%“ %%“&sielz fefheddi apd eabrp it e ddd Bthuct: on |
pat hs repéeg%‘aqa s ¢ (ﬁ{éﬁg?gmg%&gt aéagmmcg@@-co}ﬂgg@ s no actua

time gap ddrrng -‘angl e scene control of stem stream
based on ﬁbﬁiﬁ%ﬁﬁiﬂt invention is described next with 20 reference to Fig.
23 fromthe perspective of connecting data bl ocks. The nmultinedia data

cqorespondi ng to COfR®Ny B@besSeehR BOEfier naferitncasthsc€admes angl e data
BA, and the common angle data BA in recording unit tinmes T1 and T3 are

r ef erencetidecBAhcaidBA0 rasdecsd i vietyenthdidy mylstieredicntdatld er
corresponding to the nultiple angl e scenes 14 Novenber 2002 - 134
200. The video stream buffer 400 stores the encoded video
stream St15 input from the video encoder 300, and outputs
the stored encoded video stream Stl1l5 as the time-delayed
15 encoded video stream St27 based on the timing signal St21
supplied from the encoding system controller 200.

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

20 buffer 600 stores the encoded sub-picture stream Stl7 input
from the sub-picture encoder 500, and then outputs the
stored encoded sub-picture stream Stl7 as time-delayed

encoded sub-picture stream St29 based on the timing signal

St23 supplied from the encoding system controller 200.



#SML, #SM2, and #SMB are referenced as first, second, and third angle scene
data MAL, MA2, and MA3. As previously described wth refeqﬁﬂce tg Eg%
scenes fromthe desired angled can be viewed by sel ecting avyr©Le 8
multiple angle data units MAl, MA2, and MA3. There is also no time gap
bet ween the common angle data BA1 and BA3 and the multiple angle data units
MAL, MA2, and MA3. In the case of an7/9¥EG system stream however,
intermttent breaks in the playback information can result 10 between the
reproduced common and nultiple angle data units dependi ng upon the content
of the data at the connection between the selected nultiple angle data unit
MAL, MA2, and MA3 and the common angle data BA (either the first common
angl e data BAl before the angle selected in the nmulti-angle 15 scene period
or the common angl e i aaBABo f otewnngukkerande iseleot ethi Dyt he
mul ti-angle scene period). The result in this case is that the title stream
IS not natgeahkytieepradtted A8l fo semchdderondogaads th tthe, dndbdirsgan ess
data reproduction is achi eved but non-seam ess 20 information reproduction
results. Thesteit icomtglod 1set 1@ on Procasdiohstebamobe fdferplswalstsmenes i s
sel ectively reproduced fromthe nulti-angle scene period with seanl ess
| nf or mat i obh@r eserdaed endie iHeeaentsl deitpt afigonf tbe eanddes@ridmier 14
nmber 2002 - 135 below with appllcatlon in a.digital video disk system
u5| g Fig. 79%1 BRAnGPRY ONERMShe Qﬁmﬁ¥90¢e% au@éPeEFFﬁémoﬁékﬁ ashehe

mul tiple an |ts , e 5 _conpl eted before
reproduct|5 g?héyﬁ eEEG QNﬁHﬂﬂP %F%agg%gAgaﬁgdcBHngﬁeGlW%nqs
extrenely dlffl u far_exa han a different an data unit
VRS dur| nt TEPR BB SPPoR UBE Lo g it Bide P EeR s epBilda e
nultlnedlgFQ?ta has a vari abl e Iength coded 10 MPEG data structure, which
makes it fcult to find the data break points (boundaries) in the

sel ected data bl ockenellagy stiddeeimyaat 9o peidi seHALedewhen tthe YL i s
changed because inter-frane correlations are used in the coding process.
ThE) gr oup-sir@att bu€ge SOROPr, OGadSpig tutid stfrdde Bor MEGsbandagdocont ai ns
at |l east one refresh franme, and cl osed processing not referencing franes
bel ongi ng streamt hef£&OPSDY9 , passl &mg\dﬂﬁddiﬂQﬂsyQXEmanmésenmgrunbn, In
other words, if the desired angle data, e. g., MA3, is selected before
reproduct|&ﬂﬂre%che§P€he1291NuEvppéﬁgﬁethﬁﬁﬁbﬂxﬂithit@mdtametﬂelhaEést by

the tinme reproduction of the precedln%é ommpn angl e data BAl is conpl et ed,
the angl e RRFCLR| Betea FEBRAW S «t FdMamdalaypfl enceded perboBickRrBe

e S r°d§%§§t HE IS %n%é%%%%eéﬂ%&{ﬁ%% I LERREH i
GiFr i oul t‘“‘cv%e“e“né?%’c‘a%n%rfé R Seb R RR R st LeFactRet
di fferent «ﬁ{w %yér‘ﬂ%ﬁ ng{uﬁégay B8o. fiar acxanRly &:ge@:e‘ft‘ %J{ P;\B}éﬁé&”t

canera angle of swi tching between scene a n a

nul ti - anglighescengePeE1 AFelSseesamsbed 2N E%@@he%dkﬂSHjll%%é@&“bﬁhthe
reference to Fig. 76, Fig. 77, and Fig. 45 based on t he digital video disk

dat a struq;w&mieémb@ﬂdgab@ve stf3Fi(gimibgskaynadlne 4y epdrdtontitres of
the smal |l est angle switching units in each of the nultiple angle data units
MAL, MA2, ealid B whibm (ViOBs)y. SRB35.Wthin the context of the digital video
di sk system the multiple angle data units MAL, MA2, and MA3 are the title
20 The VOB buffer 1000 temporarlly stores the video

objects VOBs produced by the system encoder S00. The

formatter 1100 reads the delayed video objects VOB from the

VOB buffer 1000 based on the title sequence contreol signal

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



15 editing units, i.e., the video objects VOB. Each nmultiple angle data
unit (VOB) conprises plural (three in this exanple) inter | LVU
as the small est possible angle switching unit. Note that tﬁ@%ﬁ?ﬁ&gkﬁggved
unit ILVU thus contains a particular nunber of GOP. The first angle 20 data
MAL thus contains angle switching units A51, A52, and A53. The angle
switching units A51, A52, and A53 of-8Ge first angle data MAL have
presentation times of 1, 2, and 3 seconds, respectively, resulting in the
first angle 25 data MA1 having a total presentation tinme of 6 sec. The 14
Novenber 2002 - 137 second angle data MA2 similarly conprises angle
swtching units B51, B52, and B53 with presentation tinmes of 2, ~3, and 1
second, respectively, and the third angle data MA3 conprises angl e

swi tchi ng ugile Sxrudihtre aVHS Cb3 gehhrater adentaiitsy thubsinédda dtraach 2
seconds, respectively. It should be noted that while the angle data MA1,
MA2, and MAQaeaclstiss. a 6 sec. presentation tine, the presentation tinme can
obvi ously be set to various other particular values. 10 The foll ow ng
exanpl e descri bes swiThéimngltdmaddabdditstinepn RBpresehtedibadof anot her
(next) angle view while reproducing any particular interleave unit. For
exanpl e, if2eRETrAigI® § %n‘@%ﬂrﬁgﬁﬁifl?fjs?c&ﬁ@lrécddtsaw teRechadtBfgl e

i o7l oave TRFPERBE SRR artl's cHrGREREFon2bD FRECERART SR A EER unit
8o In Uhe sRheshedseoand andle date, YA sLar! sl clignas | 0t oL

both the a8 resen ion, " resultingin no

i nformation_pr n j ; ' LS, LEgat Sek ohees ' o the
scene corre%goﬁéi%nté%?g%ler@m&d an;li@'e %g?ag%ﬁé S-Srci%ng rgcglr%gucgﬁ%ﬁ@% t he
second int egheavetiianm Bd ned h&é%@@éréﬂﬁ%em@atiﬁmwﬁz., reproduction of
interleave unit B52 stops and reproduction of interleave unit C53 starts.
This 25 opepabi gBcagan internmts both the audio and video 14 Novenber
2002 - 138 presentation, resulting in non-seanm ess information

pred@ntati on. Note tlmatprefétredbenbodanesntswift @hidigyiltetlwesddo ndd sk pl e
angl e data during data reproduction stops reproduction of the angle being
present ed, sydtemamusborinfmrdradder PE3ehknavhdah the mugtdgedia i on
without intermtting the audi o and video, does not occur. The nethod of

swi t chi ng tmétﬁﬁﬁpémappgpqg}qqsggptem qf the present invention is

applied to a digital video disk system is described below
and shown in Fig. 26. The authoring decoder DCD applied to
15 the digital video disk system, referred to below as a DVD
decoder DCD, decodes the multimedia bitstream MBS edited
using the DVD encoder ECD of the present invention, and
recreates the content of each title according to the
user-defined scenario. It will also be cbvious that the
20 multimedia bitstream St45 encoded by this DVD encoder ECD
is recorded to a digital video disk medium M.
The basic configuration of the DVD decoder DCD
according to this embodiment is the same as that of the
authoring decoder DC shown in Fig. 3. The differences are

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



conpleting interleave unit presentation is described below If the user

sel ects second angl e data MA2 during reproduction of integl i 51 in
first angle data MAL, for exanple, the second interleavegéﬁﬁﬁ%ﬁg%P?go he
second angle data MA2 is selected fromthe point reproduction of interleave
unit AS1 with a presentation tinme of 1 sec. is conpleted. interleave unit
B52 is 2 sec. Because the start of f8#bmthe beginning of the nulti-angle
scene period, there is a gap between the end of interleave unit A51
reproduction at 1 sec. into the nulti-angle scene period and the begi nning
of interleave unit B52 at 2 sec. into the nmulti-angle scene period, and
there is therefore no tine-base contiguity in reproduction. Mre
specifically, because there is no continuity in the audio, the audi o cannot
be seanl esgley rHepnmhdeih Placeai bfir theenddieo desddexr iF¥8adhe arsera t hen 25
switches to the angle scene corresponding to the third 14 Novenber 2002 -
139 angler@@mdamiﬁqnhuﬁﬁpreb?@@uénﬂoﬁegﬁcﬁwg S ddentdsidpazaesl unit B52
in the selected second angle data_ MA2, i.e., interleave unit C53 is

swi t ched t beiMeen tdw ow%escv HeepPdert éBPéaradusyntBeslizercdBfi%t ed. In this
case the 5 conpletion of inter|leave unit B52 reproduction is_at 5 sec. from
the beginning of the"ftFrahgFResEEAECHER 3404 N IRRINMRRERA Jfo ither| eave
unite C53 is_at.4 sec. fr he. begi nning. of ;th | ti-angle.scene perjod,
andtst here FYNSRACRYET i%@as@%oﬁi%ﬂﬁﬂj?l#ﬁg gg’nﬁefﬂl%ﬁ%ﬁgﬁmééﬁprﬁ?e 10
audi o and gkggg conponents of the interleave units B52 and C53 is al so not
good. It iS thérefore necessary for the interleave units of each angle to

have the same reproducd | Ghetd fEoRNGE COAL 81 BVDN QSR NYHL!; Of video frames
in order to achieve 15 seam ess information switching between nultiple

angl es. ThenkRegbhal delsciGide vi1dweih Né@RbeaYSoHN/EEhi €hehawRhbR it t her
detail in Fig. 77. As shown in Fig. 77, each of the interleave units

| LVUbl , | L¥bb3dell Wdcldesard HddVldkbweont ai ns i nterl eaved audi o and vi deo
packets, 20 indicated as A and V, respectively. In general, the data size
andOpresent ation ti s cheathimudi®. paékethA DYDt Hecedee. DD this exanpl e
interleave units ILVUbl, |ILVUb2, ILVUcl, and ILVUc2 respectively contain 3,
2, 2, and SCRBYHI&eFadk &Mt ixEdrife Rt eamgpeodarar MABOAndsmraasaeh
contain 5 augio 14 Novenber 2002 - 140 packets. and_ 13 video packets in
Tl ti - angl 88LeERETpER08d FECoIN% SHA LRI CRIECRLIET 97 DAt nSEZRARL | - angl o

Scone, PO BRI LET0 DU LAl HRIOT FLASBLERL Sl (1S
sub-picture buffer 2700, audio buffer 2800, synchronizer
15 2900, video decoder 3801, reordering buffer 3300,
sub-picture decoder 3100, audio decoder 3200, selector
3400, synthesizer 3500, video data output terminal 3600,
and audio data output terminal 3700.
The bitstream producer 2000 comprises a recording
20 media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to
the recording medium M and producing the binary read signal
St57; a signal processor 2008 for variously processing the

read signal St57 to generate the reproduced bitstream St61;

25 and a reproduction controller 2002.



If the angle is switched frominterleaved unit ILVUbl to interleaved unit

I LVUc2, for exanple, the total nunber of audi o packets in e

interleave units ILVUbl and ILVUc2 is 6, which is one rror"eiltqﬁ\z%n@%%()%
specified total nunmber of 5 audio packets in this multi-angle scene period
T2. This would therefore result in an overlap of one audi o packet in the
reproduced audio if these two | LVU wé2e- connected and reproduced. Likew se,
if the angle is changed between the two interleaved units 15 |ILVUcl and

| LVUb2 containing only two audi o packets each, the total of 4 audi o packets
is one less than the specified total nunber of 5 audio packets in this

mul ti-angl e scene period T2. Connecting and reproducing these two
interleaved units would therefore result in an audi o packet 20 shortage,
and a break in the autieo wprddiotide cdonarbodeaf 2002 dudicorpreitedd tb is
therefore clear that when the nunber of audio packets in the connected

i nterl eavecthwi dscbdingt sgeian taorttm peci 23ed finobhewhdEhattdieo packets in

that multi-angle scene period, the audio will not be 25 satisfactorily
connect ed, mnttinmaedieabiitstriesmmenrasinction Neorhbel 200Rali18t53 is
presentation containing noise and/or intermttent audio will result. Fig.

45 shows msupPPhhgfe 3BEndncémEmrvlgsnfsiRiise i treRRgrecEaPr FRBEERI MAC
showg in Fig, 77 contain 5 different au ipd%ﬁ%a. Cbnngf,angLe data BAl and
BA3 Yont ai r°1FRAEBmbASaddto SFa%a TSRS LMD e R ERRS HRFoFB®and after the
mul ti-angl e _scene.period._The.fir .angl e a C rises_first angle
interleaveﬁﬁﬁ?rgﬁggomagfg pf@ﬁﬁlﬁé% iﬂﬁﬁjgg)t e %naﬁ?e% g%ﬁgle swi tching
unit withi hwangl e scene period. The second angl e data MAC

i kew se cgﬁpr?éggogg%%ha'angle interleave unit audio data ILVUcl and

ILVUc2. Fig. 14 showgql he Rudif: WS- dOSihdd Ngideem gﬁs-§§9LQr@6}t &nd
recorded to the nmulti-angle data MAB and MAC 15 W thin m ti-angle scene

period T2. i1ei&0pboUeHS 8¥ditdeOmuptl meid iand et vty MR i sy ferged fromthe
two interleaved unit audio data |ILVUbl and |ILVUb2. The conti guous audi o
outjut of angileoxihha &€oler| Ekewnrse reproebhdadomtie dwithomniey | @avedenni t
audi o data | LVUcl and ILVUc2. 20 What happens when reproduction of angle
data MAC i PG wenpreises duscrpardpr sedecitor Flathefdy rsglectngeand unit
audio data ILVUbl in angle data MAB i s described below In this case

repr oduct i G?PR‘ﬁoqi‘h‘t:éF‘FegbédceﬁFﬁSPEV%Q‘go@&ﬁ“sesaf tert ¥eprodiBr® on of

interleaved unit |LVUb] 25 is_caonpleted. As result, the audi o wave
resul ting fIFRAria feYember 2685 ;ngZOWﬁﬂﬁi?t iTRIGFTER ST HhPEs2Ps a

i xed h i - C in _Fi 12. No h h I ti
AU 0 out pECTRRALD STNER. EBnEFBUBUS P CPRE™LARY owi tohing poi nt. and the
augis0 connection is &Q%{)g%@‘h%gl%t s g!ék‘:'teére'zyl& g:g:fé-fézaé:ﬁgﬁycoxjnﬁriggsa'édi 0

y AC-3 ¢ ens ar

datd i s encoded using odi ng, the pr even greater

because chgee;%@h_‘@, usgut i BRabASA1EBE! €l BkiigRs thapedided v riecayss the
audi o is coded using tine-base signal correlations, I0 reproduction becones

i npossi bl e terd hEnpiigs eruvi Bebipgapetahawien daliediser tiid eygttser® stop the
audi o data fromone angle and switch to the audi o data of another angle
during reprathicdcemar o ainpliti bgnghe B¥Bnengpederd.ECThus Badweh ecracthangl e in
a multi-angle scene
keyboard input, the CPU generates the scenario selection
20 data St51 specifying the selected scenario. The scenario
selector 2100 is connected to the decoding system
controller 2300 by an infrared communications device, for
example, and inputs the generated scenario selection data

St51 to the decoding system controller 2300.



15 period contains discrete audio data, the audio output nay be intermtted
bet ween the connected data units when the angle is changed. Dependi ng on
the content of the data in such cases, noise and/or audio interrW? j ons nmay
occur during reproduction, resulting even inirritation or 20 discC Hf’%bertz@oz
t he user. Such disconfort is a product of _tfae non-contiguity in the
reproduced information content, and can therefore be avoi ded by assuring
information contiguity or preventing information intermttence. Seanl ess

i nformation presentation can thus be achi eved. 14 Novenber 2002 -143
Muf ti-angl e scene control according to the present invention is described
next with reference to Figy46. Three angle data MAL, MA2, and MA3 are
witten to rruftic-angl_e scene ﬁérﬁe@dn Bas ethi s exanple. 5 The first angle
data MAL thus cOMPAGHS:yangle ﬁ:lvm t chi ng “Untt §4/‘Z101,ha%1%5 and Al13 as the

smal | est possi bkg angl e switc ihg-ampdys, .. These angl e sWiRsshimg. upits A51,
A52, and A53 have iré&leutaﬂ.gﬁ H_jmes of & Y, st 3. gconds, respect¥vel y.
10 The second |l e data MA2"Si h'Rabliyse ri ses angle ’é"?/@lr@cﬂnb@g upi,.ts B11,
B12, ang B13, and ¥ filie %%e dat a I\/gggﬂ’oﬁp'pidsegraggl e swit chi ngtaticeany
Cl1, C12, and €g. ,Each of thes %I\Q@’V\jé}ghi ng unit's %% weapecti vely
have presentation {fﬁﬁgemfczocg{, and 3 15 s %o#féi'stiachg}yse t he sync e zed
i nterl eave unidcsjttlla.is have t he sﬁﬁﬁ'epee&g?t gti on tines, ’E%lhk'dngw@&lgi udi o

0

and vi deo reproductionf@arme i eved wi t hotht eiaﬁheplagﬂti ons or ove ‘Paﬁétat
the angl e sw $ehengs Oihti on even the #sgr_ 20 swi t €hE8Yf 1t QR ANGl €
to another angle, an

8nbésgri-nfor mati on pres’?—ﬁf{égd@jb an therefore be
achi eved as ﬁ?‘{ﬁﬁeo;usé,ly %e_scri bedggﬁ’ocachk—e\ledgtge dat a stfuﬁ:‘?%’ﬁelmhoygg in
Fig. 46, i.e., to set 9 eSctled presentation tEneE 6af, thg STl | est 25
angl e sw tchFﬂ@tnungr053t he audi o HIRFtediens ngierial in 18 tN@aenber 2002
1o 0, to Which i decoding Syst
, em
SUpplies the gener
ateg

’

bltstream control

15

20



-144 the multi-angle scene period to the sanme tines, the nunber of
reproduction frames in each interleave unit nust be the sg&g. NPE%;&g&a
conpression normally operates on the GOP unit |evel, and Oﬁﬂp S
defining the GOP structure 5 are the Mand N values. Mis the |- or
P-picture cycle, and Nis the nunber of frames contained in that GOP.
Furthernore, changing the Mor N par@gdreter setting frequently during the
encodi ng process sinply conplicates MPEG vi deo encodi ng control, and is
not, therefore, 10 normally done. A nmethod of achieving the data structure
shown in Fig. 46, i.e., a nethod of setting the actual presentation tines
of the smallest angle switching units of the audio and video material in
the nulti-angle scene period to the 15 sane tinmes, is described below with
reference tmdi Grrg &inASrhdei&xavple, shaen gt Hirkrorkth M esntMpeangl e data
units MAB and MAC to the nulti-angle scene period, and each angle data unit
conpri ses owpgmtey, eawedendi ¢611 Lybbseand thilbyiadmeare paMucl and | LVUc2,
respectively. This is 20 for sinplicity of discussiononly. Each
interleaved unit is ¥of#Ptkatuther bitsitee@OP csintuodliréstanstée fwl ti - angl e
scene period set the Mand N paraneters of the synchronized interl eaved

uni ts | LVUgensmktad/Usl pack henthereagasbewn and Fdigy 118, yargbtishe M and N
paraneters of the synchronized 25 interl eaved units |LVUb2 and ILVUc2 to

t he lsane verepediegy from tw ciberam P2 Tex43400h%e Fhiehgadrd ngesgren
structure paraneters in both angl e data MAB and %% the presentation tines
of the AV G8PETOHIEY Pt HhgIRECR AP BeSEERAM P eZa e Oth dhe snal | est
angl e smﬁtchin% nit level. Thus, when the angle is 5 changed fromfirst
angl e dat aPRBSA™ %52 to angl e data MAC I LVUc2, contiguous video
presentation w t houtmi I Liie or overl fqt | e switching
position can be achi%r{/éeﬁé%%géﬂ%%% g%gf}elssw%?éﬁae%g C}ngbﬁg E?at ween t hese

two | LVU i gobRE 33y st B T 266 dakly¥nsehticny ittlh%e@léqi&sdaér?e

presentation tinmes on the snmallest angle swtching unit level to the sane

valige in di{Eeeaniciany e ferdaseradedkorkainbihinetaeeBe®dhe Jriikathidn AS
in Fig. 77, the interleave units ILVUbl, 1LVUb2, ILVUcl, and ILVUc2 contain
15 interl ecavatraddidatandbaldam Eecketlse imdernt2dsgstAmardodk sEspenid vel y.
The audi o packet A data size and presentation tines are nornmally constant.
As al so shewppily the friegete sydabambiclark |$VIR| tonthkedrgbdiingngys temene
peri od have the 20 sane nunber of audi o packets (2), and ILVUb2 and |LVUc2
have the seRBtr@ABer 8P 0&udi o packets (3). By thus witing the sane number
of audi o packets to _the synchronized inter|eaved units |ILVU of_ different

angl e data MAB and MRESY RN RS ST EePr B8AKaLTdT /t ithes dese B Eet the
sa on 25 the smal |l est _angl itching unit_level,in different 14
hbgsnber 2655%9m12€n%§ﬁ&ﬁ§%:%ﬁﬁﬁxéiﬂﬁiéﬁﬁﬁ5§$%ﬁ/#gecﬁ ﬁﬁ@&_ﬁ&fﬁeen angl e
data MAB aQQgN@% s£gat a%ugussaie@fqao&%mw&w SQﬁ#Etguggg Lakgrm ttence
or overlap-at e angl e sw tching ‘position can be achteved because the
angl e swtghhngit R8I +doH Nt 2aGhaNHFer 2400. Note that the read
unit in this case is the pack.
The method of generating the stream read signal
20 St65 is described next.
The decoding system controller 2300 compares the
system clock reference SCR contained in the stream control
data extracted from the stream buffer 2400 with the system

clock St79 supplied from the synchronizer 2900, and

25 generates the read request signal S5té65 when the systenm



However, if each of the smallest angle switching units in the nulti-angle
scene period contain audi o data describing discrete audio ves. it y not
be possible (as described above with reference to Fig. 123¥?@vg@ﬁ?r 10
contiguous audi o data reproduction at the angle switching point by sinply
codi ng each snmallest angle switching unit (ILVU with the sane audi o data
presentation tinme. It is possible to8&avoid intermtting the audio
presentation, . however, by witing the sane (commobn) audio data to each 15
angle within a nmulti-angle scene period on the smallest angle sw tching
unit (ILVU) level. As previously described, "seam ess information
presentation can be achieved by arraying the data to assure contiguous

i nformation content before and after the connection points 20 in the
reproducedcdaick sH7dyid agrBiteAgthha #alka systEserbelatve £8-é8céhgtrar e
conpl etely reproduced at the switching points. A further multi-angle scene
peri od dat @fstthetiiitesstreahi chntpolvdagadist édat a Peschwitdesf ¢ 0s eacd
different 25 angle is shown in Fig. 80. Unlike the structure shown in 14
Novenber 2@0dtrdMed Rhy.exécuthng this sonfetal eracesshiaven hyckwiting
audio data that is conplete within each switching unit (interleaved unit

| LVU) to tkaidngle data MAB and MAC. Because the audio data is thus
complete within 5 each interleaved unit I LVU,_ audjo data producing a

di séonforting audi o Bg%eda8nathesgrensr i mfd@shirridaer eptShudiBenaves at
th I it chi int wll when t l e | h db
(e anol o gL g Rolily WLbenst Leohl hocuEhaIen L s, 2oale, 5y ghanged by
|nterleavediggkébg{é&ﬂ%%ééég@%gghg?gggggmagﬁgoéggl%HgﬂJﬂdégmle scene

peri od t hug tured. € audi o ais formed with the sane
audi o wave _ Laterl It I §§%ﬁﬁ%ﬁad [Hn

present ati gggcgﬁ%gbd\%edusﬁqug%&a%i %%/{é%j/%ég}ﬁﬁsfoas en tlhrgéf g:lrjécglr?%ﬂév)vave dat a
i s conpl et geWelchicd @acthd i | oy esutpits! tMUth\éh%psttré% Az datade, coded
usi ng Dol by AC-3 audi o coding, the tine-base correlations can be retained
evg0d when the angl e wWiserx hangetle apdneaihsgwaus audiva i) hepasducd jion can be
achi eved at the~angle switching point without noise or intermttence,
because coandiocatdiackdatian iFpandesen Engl hehsniirkesh , anglkdy oswidtdt®mg units
(I'LVU) of the angle data or is conplete within each interleaved unit ILVU.
14 Novenbelapgoages4g and ghlowtall beukroe batwhat traeksgr §soensubmpiddssonshal |
not be limted to only two or three types of angle data MA within the
nulti-angl€a§é§ﬁ§epeﬁ%&&lshwaWﬁﬁ@?han@?%/gEeﬂE BEr L8AI¥298Fal I£%H so not be

Himt e_d t Oe?{a\régielfmat %’is%I}detrreayIDeX:{sengs;:&r}négetguregghogfofthtehiatnlg:[ulaege

15 tracks. As described above with reference to Fig. 19, a
stream ID is assigned to the video data and MPEG audio
data, and a substream ID is assigned to the sub-picture
data, AC-3 audio data, linear PCM data, and navigation pack
NV information. While the user need never be aware of

20 these ID numbers, the user can select the language of the
audio and/or subtitles using the scenario selector 2100.

If English language audio is selected, for example, the ID
corresponding to the English audio track is sent to the
decoding system controller 2300 as scenario selection data

25 St51. The decoding system controller 2300 then adds this



stream It is therefore possible to achieve seanl ess information
presentation as previously defined. The operation of nultfi ﬁ%égggééol
based on the 10 digital video disk data structure is thus as descri bed
above. A method of recording to the recording mediummnulti-angle control
data specifically enabling selection of a different angle data unit while
reproduci ng one angle 15 data unit-i86 the sanme nulti-angle scene period is,
however, described bel ow. The commobn angle data BAL shown in Fig. 23 is
arrayed to a contiguous block region, the interleave unit data of the
rnulti-angle data MAL, MA2, and MA3 in the-20 nmulti-angle scene period is
arrayed to an interleaved bl ock region, and the comon angl e data BA3
followi ng thereafter is arrayed to the next contiguous bl ock region.

Ref er encedr otd hehdatiacstiinet wignaowtén ditput 6tot bReCOPERBMARG S AEAt @
BAl constitutes one cell, the multi-angle data MAL, 25 MA2, and MA3 each
constitutespe®. cell, the cells 14 Novenber 2002 - 149 corresponding to
the nulti-angle data MAL, MA2, and MA3 constitute one cell block (the cel
bl ock node CBM of tBeskAl ogelthes ITsstitudt beks scantainee i6Bhef t he MA2
cell = "between first and |ast cells", and the CBM of the MA3 cell 5 -

"csl | bl odecating ahgnaheSE68el this SyEEem claprier B R srespertbredl type

CBT. = angl e). The conmon _angle datg BA3 is the ce|] that connects to that
angl e bl o LPHES cEre - ¥ifROe o RHECPIGI TS e A% AW R tSbBRPBE S IPPHEback

St T oam conESNIE & TEPER. GHGFEZCARD N6 I QA Ah P WATes 600 he ondi sk

pyout | I i Alers o, pE0adbRg, ahd hadiWSHISAL Jfos ol B0, 27

The nul ti "angl®e sceneé perrod i's a‘pertod in whic siream can be freely

changed by & : t ety i o4 D FEQ7 347, it
IS possi b?ée to i%m%{%%éc?oé?/%?% E?a@(’]\g—eD gtglr&?ng%&{%g%l(%ﬁ?ts%on 0 QI{I/CE-QE'H i's

ther ef or e drick M SR RDSShBEE EOrewmt SR75Q VEOBUE ,0r/hEB-HP &l Ut ¥&arh €p 0duct i on
of VOB-C, and to switch to VOB-C or VOB-B during reproduction of VOB-D. 20
Asl(pr evi odsiputdetaosm bietde sbenanid telechamgi2ni@o and the pack ID input
from the stream buffer 2400 match, the system decoder 2500
outputs the corre;ponding packs to the respective buffers
(i.e., the video buffer 2600, sub-picture buffer 2700, and
audio buffer 2800).
15 The system decoder 2500 detects the presentation
time stamp PTS and decoding time stamp DTS of the smallest
control unit in each bitstream St67 to generate the time
information signal St77. This time information signal st77
is supplied to the synchronizer 2900 through the decoding
20 system controller 2300 as the synchronization control data
sts81l.
Based on this synchronization control data St81,
the synchronizer 2900 determines the decoding start timing

whereby each of the bitstreams will be arranged in the

25 correct sequence after decoding, and then generates and



the angle, i. e., the angle selection unit, is the smallest interleave unit
obtai ned fromthe conditions defined by equations 3 and 4 d i L ned
as the angle interleave unit A-1LVU A-I1LVU managenent iﬁ} ﬁ%?ﬁ%%QBébalso
added 2J to the angle interleave unit A-1LVU The navigation pack 14
Novenber 2002 - 150 NV previously described corresponds to this A ILW
managenent information. An exanpl e-i8d wwhi ch the | ast pack address in the
current A-1LVU and the address of the next A-ILWare 5 recorded for plural
angl es is shown as anot her enbodi nent of the invention in Fig. 48. Wile
this figure is very simlar to Fig. 42, the angle interleave unit A-ILW
conprises two video object units VOBU in this exanple, and the navigation
pack NV of each VOBU contains the LWend 10 pack address |LVU EA

i ndi cati ngidger 0greseiakot Berleast qruddiny toeattVtignuhi shtgivhe v@Blé

bel ongs, and the next-1LVU start address for each angle data bl ock #1 - #9
(SM. AGL_GlidEd Alec&iikr AGR 009 bRSEA) .onlThdsks adiscedsrg alrniagpregsed as the
nunber of sectors fromthe navigation pack 15 NV contai ning the address

i nformat i myndhrénetes Baomhadbotmanaﬁ&;eﬁ)an@leunpléesihhernation
indicating that there is no angle data, e.g., O, is recorded. By thus
recordlngsﬂhrnxﬁﬁup%c@e@GéﬁégsS&m@ﬁtﬁ§QR§& '§434) andraudddr ssxepoy each
an%{e data bl ock #1 - i possi ble to know the 20 address of each

next sel e&%ﬂﬂ@%g‘f%araﬁdswnéw ﬁ&ﬁl*t Fou the rerrmrighyre decpdew SAOG

ending UNCPCSIRIY SAShSeL ISR Lab R et eaving data i the
oherenes (ko] R PRYRR M0 JUi DB eLeT LR, pob IR
O b AR AU ekl ipeRonn e Widie S0 deeampgs |7 o
buf fer, a@iéﬂﬁ3ékﬁﬁhicﬁt89, and outputs to the video buffer 2600.
10 In response to the video output request signal St84, the
video buffer 2600 outputs the video stream St83 to the
video decoder 3801. The video decoder 3801 thus detects
the presentation time information contained in the video
stream St83, and disables.the video output request signal
15 St84 when the length of tﬁe received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
is thus decoded by the video decoder 3801, which outputs
the reproduced video signal St95 to the reordering buffer
20 3300 and selector 3400.
Because the encoded video stream is coded using
the interframe correlations between pictures, the coded
order and display order do not necessarily match on a frame
unit basis. The video cannot, therefore, be displayed in

25 the decoded order. The decoded frames are therefore



5 the angle selected next is then input to the track buffer. However, the
next angl e cannot be reproduced until the data for the prgw (the
angl e bei ng reproduced when the angl e was changed) in théﬂm%ﬁqb%lﬂ%% has
been consunmed. It is therefore necessary to mnimze the size of the angle
10 interleave unit A-1ILVU in order to maxi m ze the speed at which the next
angl e scene can be sel ected and pres&&-ed. A common interleave unit size
and boundary position nmust therefore be used between the VOB constituting
each angle. This nmeans that the reproduction tine of the 15 encoded video
stream form ng the VOB nust be the sane for each VOB, and the tinme at which
each interleave unit can be reproduced nust be the sane, i.e., the

interl eave unit boundaries nmust be conmon, for each interleave unit at the
same reprodgehperatiily istEasd ehdtiee Moseaspeaigl bealfdets R{bd.he MBs
constituting each angle nust be divided into the sanme nunber of interleave
units, and &hachephddest i2E0d ithedf are dconteoleatheurivit diitig heidgiel same
in each angle, i.e., the VOBs constituting each angle nmust be divided into
t he sane nusbzp3Nsof thatertreavsepumdussedindidae kighal B4 9¥0\certymrt 2009m -
152 interleave unit (where 1 < k < in each angl e nust have the sane
reproduct i obhej FédeRpbdesrster (38 &b aNeshy repréagdadt hafiffereduknkt units
bet ween each angle, the encoded stream nmust be 5 conplete within each

i ntePl eave BRPYsarehPPPFERTatedY ARIGCHSR IPECPUtRNGal®, theciddsriador
structure using a conpressiaon nethod that does not reference any franes

out si de theoFﬂgErF8a$ S 1a5F '*1f this method is not used, it is

not possible to seam.gss cqnnect, and 10 ro interl eave units from
different angles. By 1081 Ag-T W VOB s%?%%?% eggﬁg F’H‘E“elﬁaé'g'\ye qrfigrates

al i gnnent, G Lgu I, j i ssihlke.tinR- WS ven if
thegangle igg%ﬁéﬁéegseghggnSﬁggﬁﬁgfﬂgﬁﬁgﬁ?g%%%nﬁgi%EQ%nb%thnu tﬁpghgle 15

scene peri oghhspdletatBl BRERM & tRHID Y1 fHal NE€51 ca¥RqUBLEDUEER the tefdher
angl es that can be arrayed within the junpabl e distance after an interleave

uni 10i s r easubRegatdiragbuliear ngEenern deddwnsat €6l eAedubBhRpistutrecach
angle, the interleave units reproduced first in each angle 20 are arrayed

i n the angl@aispgbenegneandsdgmadulssdgyertiey ubb+pietinby bhéfent ero@ave
units reproduced next in each angle being arrayed in the angl e sequence.
Thus, if theutpwbertbe snbHedctare Eiream MY8D dtamatheasuhupbeturand 1 < M
< _9), the mth _angle is angle #m (where mis a natural 25 nunmber, and 1 <_
m_< M, tHReEABEr 33P0 nt Basesy &nuithes resentalyiap eiper infgymation

contained in the sub-picture stream St85, the sub-picture
15 decoder 3100 decodes a length of the sub-picture stream
St85 corresponding to the specified presentation time to
reproduce and supply to the synthesizer 3500 the
sub~picture signal St99.
The synthesizer 3500 superimposes the selector
20 3400 output with the sub-picture signal St99 to generate
and output the video signal St105 to the video data output
terminal 3600.
The audio decoder 3200 generates and supplies to
the audio buffer 2800 the audio output request signal Sts8s

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



-153 (where N is a natural nunmber greater than or equal to 1) and the n-th
interleave unit in a VOB is interleave unit #n (where n i natyr

nunber, and 1 < n < N), the interleave unit sequence is a %H}T%Pg?leave
unit #1, 5 angle #2 interleave unit #1, angle #3 |nterleave un|t #1,

angle #Minterl eave unit #1, angle #1 interleave unit #2, angle #2
interleave unit #2, . If the interle8¥e unit Iength of each angle is the
shortest read tine for seam essly sel ected angl es where 10 the angl e change
is seamnl ess, the maxi mum di stance that nust be junped when novi ng between
angles is the distance fromthe first angle interleave unit in the sequence
to the last interleave unit in the interleave unit sequence of the next
angl e reproduced within the sequence of angle 15 interl eave units

reproducedagh i 116®o dHUS, obtphke RuEbaLadb %&gJeesn g g, td hgnd unp
di stance nmust satisfy the foll ow ng equatlon 7. max. angle I'LVU |l ength x

(An - 1) Xagddio @ERHear diz¢@nceThd] ad@iW tecaaerssamnoegedBddd -angl e

swi tching, each angle nust be seaml essly reproduced, but seanl ess
reproduct i bangshnetf rguiaetiohstreani 8ysbetoeersanghidng Teemdfeoore, if the
interleave unit Iength of each angle is the shortest read tinme, the nmaxi num
di st ance t fpecifdteherzsgnimetonhbineobeagdbenwebe RNgEes tiat ifdme tims ance
bet ween 14 Novenber 2002 - 154 the interleave units of each angle. Thus,
if fhe nunb@?°6ﬂ@%ﬁﬂﬂa§qﬁ¥qwﬂe@hé“jHhﬁ GP@%QnéErﬁﬁ§t5§éﬂusﬁWdtMeﬁpﬂq&wung

t 8, | LVU | engt h ble dist 5
The. mot hodtRF RERSHRTy RSBt ShooLuFPURhRGRIALE Pa68 SHEPiGen

mul tiple Q% e.data ég% in nultl-angle scene periods is described bel ow
with referRce{'6 Fi 49 and 50. In Fig. 49 the angle interleave unit

et e 10, 4 el aagusb ey i DEpaESS oLt el
inter'eaVQmﬁﬂfEméQQBe%%ﬂ@%¥Héﬂ“Hé§‘fﬁ*&é&iﬂglﬁ@'Q&@éf&?ﬁ&dtéeQrOdUCt'On of
10 user-defined scenario. More specifically, each time the
user selects a different scenario, the DVD decoder DCD is
able to reproduce the title content desired by the user in
the desired sequence by reproducing the multimedia
bitstream MBS corresponding to the selected scenario.
It should be noted that the decoding system
controller 2300 may supply the title information signal
St200 to the scenario selector 2100 by means of the
infrared communications device mentioned above or another
means. Interactive scenario selection controlled by the
20 user can also be made possible by the scenario selector
2100 extracting the title information recorded to the
optical disk M from the file data structure area FDS of the
bitstream control data St63 contained in the title
information signal St200, and displaying this title

25 information on a display for user selection.



15 Thi s addressing nethod specif. whereby only the data for the to be

reproduced is read into angle is changed. A-1LVU. Fig. 49
seanl ess reproduction, i.e., the audio and vi deo data. ickfpgm%ngﬁﬁgé for

control interleave units of the angle the track buffer when the Fig. 50
shows an exanple in which the video 20 object unit VOBU is the data
switching unit, and the address of -ather video object unit VOBU is
witten to the navigation pack NV of each video object unit VOBU. This
addr essi ng nmet hod provi des for non-seanl ess reproduction control whereby
reproduction can be changed as quickly as 14 Novenber 2002 -155 possible
to another angle near the tinme when the angle is changed. In Fig. 49, each
angle interleave unit A-ILVU in the three multi-angle data VOB-B, VOB-C,

and VOB-D records 5 pstéheragdhess ehathenedt gl eouft&F | £a¥6, UPiled | LVU
to be reproduced the address of a chronologically later A-1LVU. Note that

VOB- B i s dpaifgeat e® cenglaubtp i MoB-£€ bsffegl e 762, audiOBJUFisr axwbe, #3. The
mul ti-angle data VOB-B consists of angle interleave units A-1LVUbl, 10
A-1LVUb2, and febhr'ddrldngnbufifemngd 200asneVeBpLesiseid aHorecansd sirs tifie angl e
interleave units A-1LVUcl, A-1LVUc2, and A-1LVUc3, and nmulti-angle data
VOB- D of afijburest &s smpanatie entitisg| bepappeUReyand eAfundidinahky
navi_gation _pack NV of angle interleave unit 15 A-ILVUbl contains SM. AGL
C#1DSTA p8iifrEgnto t HE rellk ke RNk R4S, ohoVR¥eFexthafglae Simake eave unit
A-1LVUb2 in VOB-B, as shown l'ine Pgtg; SgL AGL CH2- DSTA pointing to the
rel ative aRHFEET BEMOEY. CUhJSE TMErTLLs2 BRi PTRVELGULRSS ¥R oni zed to

th t l.e interl Q unit Al LVUb2 by line Pblc;
and M A SEREPRRT AR Y (e Tl e P BoaPRLE SR 4P 0D g o
interl b A ine P K b,
Phoc,  and PHBGET, REPREY, Satio b LRy s (Pobed $1808 el BRRAAEN oo
A-1LVUD2 i phhhetsaneeciadeaqoRirete YR & | dKevhegeCoBbALA%e buffers.

10 Multi-scene control
The concept of multiple angle scene control
according to the present invention is described below with
reference to Fig. 21. As described above, titles that can
be played back with numerous variations are constructed
15 from basic scene periods containing data common to each
title, and multi-scene periods comprising groups of
different scenes corresponding to the various scenario
requests. In Fig. 21, scenes 1, 5, and 8 are the common
scenes of the basic scene periods. The multi-angle scenes
20 (angles 1, 2, and 3) between scenes 1 and 5, and the
parental locked scenes (scenes 6 and 7) between scenes 5
and 8, are the multi-scene periods.
Scenes taken from different angles, i.e., angles
1, 2, and 3 in this example, can be dynamically selected

25 and reproduced during playback in the multi-angle scene



14 Novenber 2002 - 156 SM. AGL~C#1_DSTA, SML AGL C#2_DSTA, and SM. AGL C#3
DSTA pointing to the relative address of the next angle i rl eave hts
A-1LVUb3, A-1LVUc3, and A-ILVUJ3 in VOB-B, VOB-C, and vos%ﬁweéga?v)eéc#ﬁ ely.
5 Note that the relative addresses are all expressed as the nunber of
sectors fromthe navigation pack NV_of the VOBU contained in each
interl eave unit. Addresses are siniP rly witten to the navigati on pack NV
of the first angle interleave unit A-ILVUci in 10 VOB-C, i.e., SM. AGL C#2
DSTA pointing to the relative address of the next angle interleave unit
A-1LVUc2 in VOB-C as shown by line Pclc; SM. AGL_C#1 DSTA pointing to the
rel ati ve address of the sane (next) angle interleave unit ~A-1LVUb2 in
VOB-B, as shown by line Pclb; and 15 SM. AG. C#3~DSTA pointing to the
rel ative agdriesd. of InhhgBapenfighe liogked &SaRNQPeY 104 | VdRedersh@miby
line Pcid. As shown by |ines_Pc2c, Pc2b, and Pc2d, the navigation pack NV
of the ne@neamff cthatdyradRlanFEeReEL VEELNSS \FORTY | T kel ¥&ndont ai ns t he
rel ati ve addresses 20 SM. AGL C#% DSTA, 5§MBUAG' C#1l DSTA, and SM. AG C#3
DSTA poi nBid SRR heEMekENEnGRB PRt SPLESTEuniad ATT RS, SALPEVEH3, and
A-1LVW3 in_the r ctive vide e .VOB. Again note that the relative
ARl et dts R LETRE O REE ST

addr esses Sé:raé: € nu I '0f sectors fromthe navigation

pagk 25 N of the VeBiifokathede! LcRadl iad | @A enititl-scehd NOVENDE
20 arly I

- 157 Addresses are Simlarly witten to the navigatron pack NV of

the first P@E‘Q.ld%lé nierdSye Loidchellihdl repr¥@Bdad i€ deSMed Py HReDSTA

pointing to the relative address of the next angle interleave unit A-1LVUd2

in VOB-D fsay Ipumhting i fige PebehaShb ASLec#brDITAMGINY ittty he rel ative
address of the sanme (next) angle interleave unit A-1LVUW2 in VOB-B, as
shown by benerdlihig stttk Serd i &H2e DEEALpai dbitag StG 1t.he Trel sdéverpddress
of VOB-C angle interleave unit A-1LVUc2 as shown by line Pdlc. 10 As shown
by |ines Pd2&FicRd2Zy, thml Wekr, camefneglyacsedacpaanyNefofthehe next angle
interleave unit A-ILVUd2 in VOB-D |ikew se contains the relative addresses
SNP AGL OpBlisTRncM swaneyl PsTAsceng Svhagcbeer roseEeInsitrd nfoxo t he
next angle interleave~units A-11VUd3, 15 A-1LVUb3, and A-ILVUc3 in the
respect i vEUWPYEo Whjtdtd PARFItNyal ACKEE eSERAL PRELIPH -at IV HFHEEsER are

all expressed_as the nber_of sector rom.t he _navi gatd gn pack NV of the
VOBU cont 3FR&EFHP (I;atchr]c Tt e Teav® ?%‘?’{Ynfe’% ﬁ!gﬁ %ﬁ’y?c?ft %@egddr esses. SM.
AGL C#1 DRTALR0 s Aot DS £a6He P7Viga! EEBAPRG I liaty cpgyai ns
vari ous paraneter “data as previously described with*respéct to Fig. 20, and
further dggepipl i) dieihferdth 1 mﬁcmtéégnéogeﬁisel.icity- Thi s address

information nore specifically 25 inciudes in the navigation pack NV of

angl e interleave unjith Hérdevesdeto209ds- 3B8and 31, furthermore,
the contents of the program chain information VTS_PGCI is
described. In Fig. 30, the case that a scenario requested
by the user is shown with respect to a VTSI data
construction. The scenario 1 and scenario 2 shown in Fig.

20 21 are described 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#1 corresponding

to scene 1, C_PBI#2, C_PBI#3, and C_PBI#4 within a

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



5 10 15 A-ILVWl, for exanple, the end address |ILVU EA of the angle
interleave unit A-1LVUbl to which the navigation pack NV bel t he
addresses SM_. AGL C#1 DSTA, SM. AGL C#2 DSTA, and SM. now EpEVRne Pt 1O
navi gati on packs NV of the next angle interleave units A-1LVUb2, A-1LVUC2,
A-1LVUd2 that can be reproduced. The navigation pack NV of A-I1LVUb2
contains the end address |LVU EA of 9«1 LVWb2, and the addresses SM.~AG.- C#1
DSTA, SML AG. C#2 DSTA, and SM. AG. C#3 DSTA of the navigation packs NV of
the next angle interleave units A-1LVUb3, A-1LVUc3, A-1LVUJ3 reproduced.
The navi gation pack NV of A-1LVUb3, the last interleave unit in the
sequence in this exanple, contains the end address |ILVU EA of A-1LVUb3, and
termnation information as the address of the navigation pack NV of the
next A-|L\WUprBa@eodiethsporyding dblkceakus,onnst 1d IRBIF7 addriespsndiwg! LVU
EA. The spéecifics of the address information witten 20 25 to the other

vi deo obj ¢ot scédd @.and VOB-D in this exanple are the same. By witing this
address information to the navigation packs NV of each angle interleave
unit A-1LVU, it is pbSsPBFE#Rodeeatibiagd tihiee skhassto 02 comsheks AL LVU to
be reproduced in chronol ogi cal sequence, and is therefore suited to

seanl ess FERROPIAYRACK AREPERrdbien BoRBIZd FRETEFRWEEING theserRDE I | LVU

in each of the other 14 Novepber_2002 -.159 avail.able angles js al so
recorded CoPBA#R n&ufPRT dn X %ﬁ&?lgﬁewﬁgkﬁnaadﬂ&%?%ﬂaﬁéiésﬁﬁ%&ted angl e

can be easily,obtained w thout, giyvi eci considerag i whet her the
angle is %HS%&e&qir%ﬁﬁ?n j% ?H@Q%ggf%éaagxgggnfhtgif> éPunit can be
controlle t u [ t4 ve
ddr casesSFE eSERT TR (Y 1ernS P L Ep LR L0y P ol n B
construct bRg Ehepaneoded-rdLet $ihsars copbaLNgd | _ﬁc%‘i-ﬁ_i% Red ledld from

cl osed GOP, seamnl ess reproducti on W thout video disruption can be achi eved

when the Wigitag aided isywtangetta THeracthse Jahaseaneakmd e isean essly

reproduced If the sane audio is recorded for each. angle, if the audio 15

i l0conpl etentrbli mndiclofl l[AV4canario discdeser Anddoagdataceld Ir addrated s

Moreover, if identical audio data is recorded to each interleaved unit

| LVU, theal isitngheweindent, evtors e sipmax bo dregueatetabyt ke uamedi catr ack

has changed if the audio is seam essly reproduced across angl e changes. 20

A data stPacPBF&1888bl i ng non-seam ess reproduction of angle changes, i.e.,
ceptible bregks in the content of

[

seam ese data repraduclyon per ALl ngperespl e Bledks Ln LG conlent
LENveroet 2008 bt L SR b P IRk R
v &é?”gngtg/&%&%@g%%rﬂ AL GRIBY ! SO LINEE: ¥ 8891 §PLABLULLE s VOBUC,
Fig. 31, the two scenarios 1 and 2 use the same VOB data in
common. With respect to a single scene commonly owned by
each scenario, VOB#1 corresponding to scene 1, VOB#5
corresponding to scene 5, and VOB#8 corresponding to scene
20 8 are arranged in non-interleaved block which is the
contiguous block.
With respect to the multi-angle data commonly
owned by scenarios 1 and 2, one angle scene data is

constructed by a single VOB. Specifically speaking, angle

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



5 VOB-D conprises three video object units VOBUIl, VOBUd2, and VOBUd3. As
in the case shown in Fig. 49, the navigation pack NV of e y‘%(]g?eiz@ﬁ ect
unit VOBU contains the end pack address VOBU EA of each )

this end pack address VOBU EA is the address of a navigation 10 pack NV in
a VOBU conprising a navigation pack NV and one or nore other packs. In this
exanmpl e, however, the NSM. AGL C# BEBA address witten to the navigation
pack NV of each VOBU does not descrlbe a chronologically I ater VOBU
address, but the address of a VOBU in a different angle 15 with a
reproduction time preceding the tine the angle is changed. In other words,
addresses NSML AG. C#1 DSTA to NSML AG. C#9 DSTA to VOBU in other angles
synchroni zed to the current VOBU are recorded. As above, #1 - #9 represent
20 di ffer evioB#Bgl englebér is Eonstimiadsd rowhVeb#4an afighe obntheucted
correspondi ng nunber does not exist, a value, e.g., O, indicating that the
angl e doesmmbtleﬁngie|§atec9ﬁdé@rmﬁﬂnast¢hﬁnantgaiﬁenegabkomv ébxvitdeo

obj ect unit VOBUbl of mufti-angle data VOB-B contains NSM. AG._C#2 DSTA and
25 NSM. AGakg3opstritehénge W@éﬂhdﬁ¥35§§§3%# an@ seanlpgSenber 2002 -
161 synchronlzgd VOBUcl and VOBUdI EwyCB-C and VOB-D as shown by lines
Pbl ¢' and PRPECC qﬂé°ﬂa9ﬁg§?F€nﬁ&%ﬂ? G viR D) BcRNAnT t PYERLBRT

| arly contains_as ngmmdb | i nes P Zc nd Pb2d. 5 the rek tive
ad3$esseslﬂ%wf CRETERS BsTRY%fd RSWES DSHE of °T R’ sPTc ﬁSnized
VOBUC 2 Ub3
S|n1Iar?SQL ontal %%vééeg 8¥kg %Ef?ﬁ%ﬁ%@g@y (ﬁ{ﬁéﬁ#@lﬁéﬁ @h%tggﬁaddresses

NSM. AGL Gl da) é‘&'ﬁm%%céﬂ:s%@f@%@a}& Qier{if}?d W&P'%E%%Ugé and

VOBUd3. The navi gation packs NV of video object units VOBUc and

VOBUc3 of 3&EBnless i-égrbiugeibai Betheoreledidhy sl esses NSM. AGL C#1 DSTA
and NSML AG. C#3 DSTA of the respectively synchroni zed VOBU as shown by

lines 15 Pclb', Pclis, dBe2lribelcddi thec Hbgvey i th&c3der’ $heegavsgdhigon
packs NV of V|deo obj ect units VOBUdI, VOBUd2, and VOBUd3 of VOB-D Iikew se
coHl ai n t Fecendnio vehewir EBSESNSRL AGD Dl rBSTA zadi WeME NGz 0@ EBEA of
t he respectlvely synchroni zed VOBU as _shown by lines 20 Pdl b', Pdlc',
Pd2b' , Pd2tideqdzitle gpliapggek, control information shown in Flg. 30
and the title playback VOB data structure shown in Fig. 31.
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
video disk system of multimedia data including video,
audio, and sub-picture data without intermittent breaks in
20 the data or information between basic scene periods,

between basic scene periods and multi-scene periods, and

between multi-scene periods.

Hardware factors contributing to intermittent

playback of this data and title content include decoder



The angl e sel ection address information NSM. AGL C#4 DSTA to NSML AGL CH#9

DSTA for non-existent angles #4 - #9 in this exanple reco{ﬁ%@ve\ﬁ%eﬁ’Qom
i ndi cating that correspondi ng angl es do not exist, e.g., a 0 value. 14
Novenber 2002 - 162 During reproduction of angle data with this data
structure, the DVD decoder interrupts reproduction of the angle VOBU data
currently being reproduced when the‘%ﬁgle is changed, then reads and begi ns
reproduci ng the VOBU data 5 for the selected angle. Note that while there
appears to be a tinme offset between the interleaved units of VOB-C relative
to VOB-B and VOB-D in Fig. 50, this is nerely to facilitate easier
under st andi ng of the address descriptions witten to the 10 respective

navi gati on packs NV of each VOB using the line arrows as shown. There is,
in fact, nuntliemdlshi,ftioe. beametnbehancespetvieen itherseaved datasoiopudct s
VOB, which are aligned as shown in Fig. 49. The data structure shown in
Fig. 50 t hgpeedneaichdhes daceding eFBeed Phe thexiNpOHyU s1ee réptaduced
addresses to anot her VOBU that should normally be reproduced either

si mul t aneously wi t h Yh &R bRGFBEFCEPLF the S &N TRBRY ELRE aPRi BBt he

o P bR g 58 ALY Bk SRR SRR
e sa cog hOKALNIGN ) bt AP HEE 2 SOHREReab oS, A1 Suthgl

contiguityg) i1 i ggﬁ r C ! r 4 | chart:
encoder EgéNg\f}%n%E%%(}% dx{&é T a{el‘?(ié)nttg:hg%i ﬁgnf:%;’gr % ilgir:f%lﬁ%%%gher ated by
the encodi Qgg$éSEQH‘i60@Tart%! ) a2 Edrormh DEPr 1Bt h eBteXx A ek framibeg
scenario data St7 is described belowreferring to Fig. 27. 5 The encodi ng

i nf or mat i oBoh@hhaceenbiesent@ il e cdneetsbeoaksurigay pl ural VOB
corresponding to the scene periods beginning and ending at the scene

br anchi ng Regrodnptdbnng fpaEuds, i rdiwriiiBi oat sherebgmkheonreesyiamd ng t o each
scene. These VOB set data streanms shown in Fig. 27 10 are the encoding

i nf@r mat i oronbbhuityedsr asstirad sieprefaored ¥pgass5tcoptilgmomscodi ng system
controller 200 for ,creating the DVD mul timedi a_stream based on the

user - def i nERE PFRRELEANFEREOCNGE 1R Lr B3 | heRPBLenar LB LegHE&iied branching 15

oints fromco n.scen 0. plural, scen or connectiQn points to other
_ (F:)olmmfl sce’ﬁ%%?ggﬁgt‘%’ﬁé'gzr&‘&?ﬁ&ﬁﬁ}%és% ‘?ﬁzﬂéjc%n%nggﬂnala‘l&é‘lpi“’:t?iet’goﬂb?/ t hese
b hi i i i d.th t ted t
oncode o veptusfoRCEphEtopRY Raridt £ SEtundl i B ARl AL 1P e

by the VOB:seh_dghtiShbgaMiint lididd &-drdigsod] oh EnNDL0b bl U el dat 2

'stream The Vi e ata structure in Fig. 27 shows the data content for
eng®di ng ofgr YEBatebni PepddUEB i3 . dalii: Sid e iGRE ERERS k381 rifd/OH set

nunber VOBS NO, the VOB 25 nunber VOB NO in the VOB set, the precedi ng VOB

seanl ess information reproduction and non-continuous information
reproduction are, respectively, seamless and non-seamless
reproduction.

Note that seamless reproduction can be further
20 categorized as seamless data reproduction and seamless

information reproduction. Seamless data reproduction is
defined as preventing physical blanks or interruptions in
the data playback (intermittent reproduction) as a result

of a buffer underflow state, for example. Seamless

25 information reproduction is defined as preventing apparent



14 Novenber 2002 - 164 connection flag VOB Fsb, the follow ng VOB seanl ess
connection flag VOB Fsf, the nulti-scene flag VOB Fp, the interl eave flag
VOB Fi, the multi-angle flag VOB Fm the multi-angle seanﬁ%B@V§W¢%Qéﬁoﬁg
flag VOB FsV, the maximum5 bit rate of the interleaved VOB ILV BR, the
nunber of interleaved VOB divisions ILV DIV, and the m ninuminterl eaved
unit presentation tine ILVU MI. TheS3vOB set nunber VOBS NO is a
sequenti al ~nunber identifying the VOB set and the position of the VOB set
in 10O the reproduction sequence of the title scenario. The VOB nunber VOB
NO is a sequential nunber identifying the VOB and the position of the VOB
in the reproduction sequence of the title scenario. The preceding VOB

seanl ess connection flag 15 VOH Fsb i ndi cates whet her a seamnl ess connection
with the preeethund V¥R |th regei iefofnatseanahien peifcxitedd apy dhe Hhekkow ng
VOB seanl ess connection flag VOB Fsf indicates whether there is a seanl ess
connect i o intelrmite ey |mve sent40Bi on) | wjescerabga izdproodirctoxmat 206nThe

mul ti-scene flag VOB Fp identifies whether the VOB set conprises plural

vi deo obj Erbm VOB. pllaghankerdaba ewiieng VIOBrEi argemo facdsiathaptiyesichd VOB in
the VOB set are interleaved. The nulti-angle flag VOB Fmidentifies whether
25 the vOBreaksj dngtig datmgreprseduction. Novenber 2002 - 165 The

nmul_ti-angl e seanl ess switching flag VOB FsV identifies whether angle
changes mpéﬁéélﬁhgﬁmﬁgﬁmlﬁ%ﬁib%ﬁ%ﬁ%&%eriod are seanl ess or not.
The specific method enabling seamless
reproduction as thus described is described later below
with reference to Figs. 23 and 24.
Interleaving
10 The DVD data system streams described above are
recorded using an appropriate authoring encoder EC as a
movie or other multimedia title on a DVD recording medium:
Note that the following description refers to a movie as
the multimedia title being processed, but it will be
15 obvious that the invention shall not be so limited.
Supplying a single movie in a format enabling the
movie to be used in plural different cultural regions or
countries requires the script to be recorded in the various
languages used in those regions or countries. It may even
20 necessitate editing the content to conform to the mores and
moral expectations of different cultures. Even using such
a large-capacity storage system as the DVD system, however,
it is necessary to reduce the bit rate, and therefore the
image quality, if plural full-length titles edited from a

25 single common source title are recorded to a single disk.



The maximum bit rate of the interleaved VOB 5 ILV BR defines the maxi num
bit rate of the interleaved VoBs. The nunber of interleav. | 484 ONS
ILV DIV identifies the nunber of interleave units in the'ﬁﬂ¥é§%ﬁggﬁégé OB.
10 The mnimuminterl eave unit presentation tinme ILVU MI defines the tine

t hat can be reproduced when the bit rate of the smallest interleave unit at
which a track buffer data underfl ow9tate does not occur is the maxi mum bit
rate of the interleaved VOB ILV BR curing interleaved 15 bl ock
reproduction. The encoding information table for each VOB generated by the
encodi ng systemcontrol |l er 200 based on the scenario data St7 is described
below referring to Fig. 28. The VOB encodi ng paraneters descri bed bel ow and
20 supplied to the video encoder 300, audi o encoder 700, and system encoder
900 for strrelsn pneiéngcane bar aehuiocaxt Baw execordhng éheodiompam fpamte icch
table. The VOB data streanms shown in Fig. 28 are the encoding information

t abl es gemdnatal twitiespoyl®0 oncehi @ndredonyingetbrc sgiongndysst em
controller 200 for creating the_ 14 Novenber 2002 - 166 _DVD nultinedia

st ream basddf frreme iRepagdf tidd & G M hiffgRenén&ddilegomddt is the

vi deo obj ect, VOB, and the data generated to encode each Kideg o%ject VOB is
the 5 VOBTHtS RETRAM MERESetimpos S B AR A °TOhr PsPRg Lt ftddes for

5 different countries or cultures to a single optical disk
without reducing the bit rate, and, therefore, retaining
high image quality.

As shown in Fig. 21, the titles recorded to a
single optical disk contain basic scene periods of scenes

10 common to all scenarios, and multi-scene periods containing
scenes specific to certain scenarios, to provide parental
lock cqptrol and multi~angle scene control functions.

In the case of the parental lock control
function, titles containing sex scenes, violent scenes, or

15 other scenes deemed unsuitable for children, i.e.,
so-called "adult scenes," are recorded with a combination
of common scenes, adult scenes, and children’s scenes.
These title streams are achieved by arraying the adult and
children’s scenes to multi-scene periods between the common

20 basic scene periods.

Multi-angle control can be achieved in a
conventional single-angle title by recording plural
multimedia scenes obtained by recording the subjects from
the desired plural camera angles to the multi-scene periods

25 arrayed between the common basic scene periods. Note,



angl e scenes conprises three video objects VOB. The data structure shown in

Fig. 28 shows the content of the data for encodi ng one VOB, | dat a
stream The VOB data structure contains the video 10 mat ﬁ?gpvé'{qgﬁ@?ne

VOB VST, the video material end tinme VOB VEND, the video signal type VOB V
KIND, the video encoding bit rate V BR, the audio material start tinme VOB
AST, the audio material end time VGBREND, the audio coding nethod VOB A
KIND, and the audio encoding bit rate 15 A BR The video nmaterial start
time VOB VST is the video encoding start tine corresponding to the tinme of
the video signal. The video material end tinme VOB VEND is the video 20
encodi ng end tine corresponding to the tine of the video signal. The video
material type VOB V KIND identifies whether the encoded material is in the

NTSC or PAhohenEat, driit eXfime echései plpbatogeaplisc daral eldsdr {edOvége for
14 Novenber 2002 - 167 exanple) converted to a tel evision broadcast format

(so-cal | edakelseeims caverdadnfrod h@iffdeenencatiora kinglete V HR is the
bit rate at which the video signal is encoded. 5 The audio material start
time VOB A%poisdttilesgudiid enclodilrg sbwitousi tbatorthes poetiasy ntay the ti me of
the audio signal. The audio material end tinme VOH AEND is the audio

encodi ng enecordede dnass Jdirli AN CaRer i ARJeR bNE afdidd fferanghdiimase
audi_o coding nmethod VOB A KIND identifies the audi o encodi ng. net hod as
AC-§, NPEGFa§P memgﬁahagwbx(ﬁoms&ﬁ&ﬁegraphlcs' or other video data.

When data is shared between different scenarios
of a single title, it is obviously necessary to move the
laser beam LS from the common scene data to the non-common
scene data during reproduction, i.e., to move the optical

10 pickup to a different position on the DVD recording medium
RCl1l. The problem here is that the time required to move
the optical pickup makes it difficult to continue
reproduction without creating breaks in the audio or video,
i.e., to sustain seamless reproduction. This problem can

15 be theoretically solved by providing a track buffer (stream
buffer 2400) to delay data output an amount equivalent to
the worst access time. In general, data recorded to an
optical disk is read by the optical pickup, appropriately
processed, and temporarily stored to the track buffer. The

20 stored data is subsequently decoded and reproduced as video
or audio data.

Specific Problem in Interleaving

The operation of the stream buffer 2400, or a
track buffer, in this DVD system is described briefly

25 below.



The audi o encoding bit rate ABRis the bit rate 15 at which the audio
signal is encoded. The encodi ng paraneters used by the viﬂgg encgdqgﬁgoo,
sub- pi cture encoder 500, and audi o encoder 700, and syste R for
VOB encodi ng are shown in Fig. 29. The encodi ng paraneters include: the VOB
nunmber vOB NO 20 video encode start tine V_.STTM video encode end tine V
ENDTM the video encode node V ENCM9R 1 he video encode bit rate V RATE, the
maxi num vi deo encode bit rate V MRATE, the GOP structure fixing flag

GOP- Fxfl ag, the video encode GOP structure GOPST, the initial video encode
data V~I NTST, 25 the last video encode data V_ENDST, the audi o encode start
14 Novenber 2002 - 168 time A STTM the audi o encode end tine A ENDTM the
audi o encode bit rate A RATE, the audi o encode nethod A ENCMD, the audio

start gap A STGAP, Hhe il G ondhk 05Ra 1 %E‘Q@ép e JAr egedi ée/éﬁ er B
VOB NO, and the foIPoang VOB 5 nunb%r VOB ﬁﬁ The VOB ﬁﬁﬂb b%%ﬁao is a

sequent i alg fuiher i ydeahhbpitnd ddtanéEhands 1 Heaagekti @heofaitdie Sfdkean the

reproducti on sequence of the title scenario. The video encode start tinme V
STTM i s t hehstiiputdOtdi fReOktteden b st at4eocodi 89, the whrdemmieode end
time VENDTMis the end tinme of video material encoding. The video encode
node V- ENGMXe svanfreomotheg opideaflordidde) ai$ ng bhasibel lyecenstared eci ne
conversion shall be 15 acconplished during video encoding to enable

ef {1 ci ent meddi ng Akeput hérend&bendra@dkalbusier| eti fe, cbheetredsfiereri al .
The video encode bit rate V RATE is the average bit rate of video encoding.
20 The nadaffn¥e de® EReo8eCRPeIaleWEVRINTE 351eRe2RERFAEROLILO i of

vi deo encadi ng. . . .
1maé£ guality, user intent, and even the variable bit rate

of the compressed video data in the DVD system. The
from-disk transfer rate Vr is therefore constant at

10 approximately 11 Mbps in the DVD system, while the transfer
rate Vo from the buffer is variable to a maximum 10 Mbps.

Because of this gap between the input and output
transfer rates Vr and Vo, the stream buffer 2400 will
overflow if data is transferred continuously from disk.

15 Therefore, to prevent the stream buffer 2400 of the
reproduction apparatus overflowing, data is transferred
intermittently from the disk. The stream buffer is
controlled during normal continuous reproduction to always
be in a near-overflow state.

20 It is therefore possible by using a stream buffer
2400 to sustain continuous, uninterrupted data output
(reproduction) even if there is a slight break in data
reading as a result of the read head (optical pickup) 2006
jumping to move between logic sectors LS on the disk. 1In

25 an actual reproduction apparatus, however, the jump time



The GOP structure fixing flag GOP Fxflag specifies whether encoding is
acconpl i shed wi thout changing the GOP structure in the m e of t i deo
encoding 14 November 2002 - 169 process. This is a usé€€*°¥%WQﬂﬁg§8¥ f or
decl ari ng whether seam ess switch is enabled in a nulti-angle scene period.
The video encode GOP structure GOPST is the GOP structure data from
encoding. 5 The initial video encodegdata V INTST sets the initial value of
the VBV buffer (decoder buffer) at the start of video encoding, and is
referenced during video decoding to initialize the decoding buffer. This is
a useful paraneter for declaring seanl ess reproduction with 10 the
precedi ng encoded video stream The |ast video encode data V ENDST sets the
end val ue of the VBV buffer (decoder buffer) at the end of video encoding,

and is fefﬂg%gé%dyéweew 980 decedidin 0 44t ta@blagihheugdenoghag buffer.

This is a us araneter 15 for declaring seamnm'ess reproduction with the

precedi ng £cEPELe ViHEOpSLEeABNL Bhe thedidi snaoode whate §EMesARSEENHIS t he

start tinme of audio material encoding. The audi o encode end tine A ENDTM i s

the end tiy® 20e0f atbamnBLEFeal 2anEodiith cBIEaElEly OsenEpdeehtt toate A
RATE is the bit rate used for audio encoding. The audi o encode nethod A

ENCVD i derdpdoels tiis ajdinp edmedi nyemetchpd esss 1At pidPEeteois| anear PCM
for 25 exanpl e.

5 average 4 - 5 Mbps and a maximum 10 Mbps when using a
large~capacity optical disk M storing high quality images.
Assuring seamless reproduction when jumping from any disk
position to any other &ith this system imposes significant
memory requirements, resulting in an expensive decoder DC.

10 Because the amount of memory that can be built in to the
decoder DC is therefore limited if a cost-effective product
is to be marketed, other limitations are imposed, e. g.,
limiting the jump time to a time whereby data can be
continuously reproduced.

15 The relationship between the accumulated data
gquantity in the stream buffer 2400 and the operating mode
of the reading head 2006 is shown in Fig. 32. 1In Fig. 32,
period Tr is the period during which the optigal pickup
reads data from the optical disk RC, and period Tj is the

20 jump period during which the optical pickup moves between
logic sectors. Line L1 expresses the change in data volume
vd stored in the stream buffer 2400 during the data read

period Tr. Line L2 expresses the change in data volume Vd

stored in the stream buffer 2400 during the jump period Tj.



14 Novenber 2002 - 170 The audio start gap A STGAP is the tinme offset
between the start of the audio and video presentation at Inny of a
VOB. This is a useful paraneter for declaring seanl ess rei){]@aﬁegﬁl;’%r?o\?\?th
the preceding encoded S system stream The audio end gap A ENDGAP is the
time offset between the end of the audio and video presentation at the end
of a VOB. This is a useful paranetet0Gor declaring seam ess reproduction
with the precedi ng encoded system 10 stream . The precedi ng VOB nunber B
VOB NOis the VOB NO of the preceding VOB when there is a seanlessly
connected preceding VOB. The followi ng VOB nunber F VOB NOis the VOB NO 15
of the followi ng VOB when there is a seanl essly connected foll ow ng VOB.
The operation of a DVD encoder ECD according to the gresent invention is
descri bed bel ow wi t burdher egice datd heedd opechadt Ten Ehg rEhdidef daddtht t he
steps shown with 20 a double Iine are subroutines. It should be obvious

t hat whi | @adfe mpriatdahadéronm Fde mwitdealldisk ¥peti theakkpnsferhi s case
to the DVD encoder ECD of the present invention, the operation described

al so appl ¥éfe 0/an avd hSEPRESefdiSd&eadc data ANpoehbEr toobhe. streamat st ep
#100, the user inputs the editing c ds according.to the user-defined
scenari o WAEERT o7 mi nEhFhétES%f“e% & r?é‘%ﬁ‘?ﬂgﬁ?ﬁssﬁﬂ?c@aaét 59st r eans
Stlg St2, .and St3..5 At p , th ri,o editor 10 enerates the
sceéhari o 3F%fé§%°Qﬁﬁﬁa?§bﬁg gﬁggab89§ é&ﬁﬂﬁéﬁhﬁéﬁﬁ €ﬁ?%?gﬁgi5ﬁ£§c§8rding
to the user 1 4.1 [ ugl.i n.qe td nar i ata St7
in step # 0,% ft?)%!eélbis]tg’r %%IE%I %éhggﬁq’%‘n % el a eeg %%&g%%rpf?ggg?febg%g 10

par ent al s '-qﬁg? 10 K BagWCh ¢ I i L resyned st be
input to Eglﬁ&sﬁ‘&]y %"‘e fo foﬁn’sﬁg g%ﬁ%lafil onsgﬂFﬁ% 1%%“&?/::03\5%&(?%}% bﬂwr ate
must be seafj fiferasfdd osthébfi €AbskeMRge Gualndfer argkddle track buffer
capacity, junp performance, junp tine, arid junp distance of 15 the DVD
decoder DCD used asBébeuseprtheucicadinappsral (0@ is moving to access

10 a different disk position during the jump period Tj, data
read from the optical disk M cannot be stored to the stream
buffer 240q. Data continues to be output from the stream
buffer 2400 to the decoders 3801, 3100, and 3200 during
this period, however, and the accumulated data volume Vd

15 remaining in the stream buffer 2400 decreases at the rate
at which data is transferred to the decoders, i.e.,
transfer rate Vo.

Note that while the transfer rate Vo to the
decoders is shown in Fig. 32 as a constant rate, data

20 transfers to the decoders actually occur intermittently
because the decoding time varies according to the data
type. These differences are omitted to simply this
description of the buffer underflow concept. This is
equivalent to the reading head 2006 reading data

25 intermittently during the jump period Tj, even through the



t he DVD encoded data nust be determ ned. Based on these values, the
reproduction tine of the shortest interleaved unit is obtqiggg fLon} J
equations 3 and 4. Based on the reproduction tine of each NEMPET £402
mufti-scene period, 20 it nust then be determ ned whether equations 5 and 6
are satisfied. If equations 5 and 6 are not satisfied, the user nust change
the edit commands until equations 5 Hd-6 are satisfied by, for exanple,
connecting part of the follow ng scene to each scene in the nufti-scene
peri od. 14 Novenber 2002 - 172 Wen nmulti-angle edit conmands are used,
equation 7 nmust be satisfied for seanl ess switching, and edit comuands

mat chi ng the audi o reproduction tinme with the reproduction tinme of each
scene in each angle nmust be 5 entered. |If non-seanl ess switching is used,

the user myst, MMEnEQATRAEE EBntahsiit BAUAI PN Broft taLEBp#3001 K&K

encodi ng systemcontroller 200 first determ nes whether the target scene is

to be seampesst Vacosneehrt Lonkhe pegerditly cmene. based gnophe 19 seenario
data St7. Note that when the preceding scene period is a multi-scene period

conpri sing il wal 1 beeseb1bahdt he pbesenidan s entEfeisegebyStrae is a
common scene (not in a nult'i-scene period), a seam ess connection refers
to 1J ;, ~: "faklowingleguationst, ;~~ ~ .~ ~m ... tlt.: ~ui.y.;~ ::;
O..L%1:12L: Iv'Il-112 clly Utl~" Ul 1..11N_ scenes contained in the
precedi ng nul tiLEceEn¥rperVed. Wien the target scenel#d a nulti-scene

peri od, a seam ess connection still refers to seanl essly connecting the
target scene wi¥h @AnYyPone of the scenes fromthe sah®lnulti-scene 20

peTod. L1 SLeP F00 L uegs N, A IHSSREFSSechion L val 1
COn oL et S 1SS P, BECTBHLNA B R R SR AT 1169 UGB Fob 29
empty. If the jump period Tj is held to less than the time
10 required for the stream buffer 2400 to enmpty, however,
decoding can continue without data interruptions. This
time at which the reading head 2006 can jump to another
disk position without a data underflow state occurring in
the stream buffer 2400 is referred to as the jump-enabled
15 time.

Note that while physical movement of the reading
head 2006 has been described as a factor causing a data
underflow state in the stream buffer 2400, the following
factors also contribute. Note, further, that this data

20 underflow state can be simply characterized as a condition
in which data input to the track buffer (stream buffer
2400) does not keep pace with data output from the track
buffer.

a) The buffer is too small relative to the decoding

25 speed of the decoder.



14 Novenber 2002 - 173 the target and precedi ng scenes. The procedure then

noves to step #600. On the other hand, if step #300 retur '
there is a seanl ess connection to the preceding 5 scene, ?ﬁ£%§$@€§%§¥@

noves to step #500. At step #500 the encodi ng systemcontroller 200 sets
the precedi ng VOB seanl ess connection flag VOB Fsb. The procedure then
noves to step #600. At step #600 thelghcoding systemcontroller 200 10
determ nes whether there is a seanl ess connection between the target and
foll owi ng scenes based on scenario data St7. If step #600 returns NO 1i.e.,
a non-seanl ess connection is valid, the procedure noves to step #700. At
step #700, the encoding systemcontroller 200 15 resets the foll ow ng VOB
seanl ess connection flag VOB Fsf indicating whether there is a seanl ess
connection withb)he Tbhel edizes scerhe Tirdpydduddr dnpivdn urovies ¢ shep #900.
However, if step #600 returns YES, i.e., there is a seanl ess connection to
t he fol | owigrceéOB t H¥PpFofRYTAE DG MRS XePEeducedobitatreasp 89D t he
encodi ng system controller 200 sets the foll owi ng VOB seam ess connection
flag VOB FSMPUth&ritkeditEeaReRUkd®Es 24P StioPmobee RitstEgamomy adicer
encodi ng system contyroller 200 25 etermne];u g}hggzéhere I's nmore than

connect i on %P4y &re IERRYRRHEATS042T. i

5 c) The sequence of the individual input units of the
plural VOB types carried in the reproduced bitstream Sté61l
is inappropriate for the decoding speed, resulting in the
next data unit to be decoded not being received in
sufficient time while decoding a particular data unit.

10 When the reproducing apparatus of the digital
video disk system is configured with a disk read rate of 11
Mbps, a maximum AV data compreésion rate of 10 Mbps, and a
track buffer (stream buffer 2400) capacity of 4 Mbits, for
example, a data underflow state will occur. To prevent

15 this data underflow state from occurring during the Jjump
period Tj in a reproduction apparatus thus configured with
slight overflow control maintained during normal continuous
playback, a maximum jump-enabled time of 400 msec can be
assured even in a worst-case scenario where 10 Mbps of AV

20 data is reproduced during the jump period.

Note that a jump-enabled time of 400 msec is a
realistic value that can be achieved in actual reproduction
apparatuses. In such an apparatus the distance that can be
jumped during a 400 msec period is approximately 500

25 tracks. It follows that the jump-enabled time can also be



scene, i.e., whether a nufti-scene period is selected, based on the
scenario data St7. As previously described, there are two g §%ﬁ#e:%& tro
met hods in nufti-scene periods: parental |ock control mhe? B@ ?ﬂ of
plural 5 possible reproduction paths that can be constructed fromthe
scenes in the nufti-scene period is reproduced, and nufti-angle control
wher eby the reproduction path can b witched within the nmufti-scene period
to present different viewing angles. 10 If step #900 returns NO, i.e.,
there are not multiple scenes, the procedure noves to step #1000. At step
#1000 the mufti-scene flag VOB-Fp identifying whether the VOB set conprises
plural video objects VOB (a nufti-scene period is selected) is reset, 15
and the procedure noves to step #1800 for encode paraneter production. This

encode par t.er pr.odugct,i on subroutipe_is descri.hed ow., However, if ste
#900 reltourﬁf 9‘@§,dptlﬂ’er 53 %u%{’f‘ Yg Sﬁgsdoﬁﬁ’gﬁﬁe ,atﬁt%lr%%?eocve%&ﬁ’&é n‘B%es tg
step #1100,.,20 At s 1100, .t t] e f | A Ep. and t he
pr ogedur e %&esset ueé}%éﬁﬁ#lcg%tba V\%g]fg%{n H’g?'s @j%&dd"%d\\/én% H'gerad; %ﬁé? ig%rﬁgl e
connecti on,j r : - gt i3 et ] AMW% a
change I25 Fg%ﬁzgé%g%\%égﬁtpﬁ a?f%cz{rl\)gisg igg\‘gtgggumfl ?nlé-j'scglﬂc;g p%ga(rj:l od, iﬁﬁ%
Novenber 2@8Rivaléht itcfa AEthescajidptenanded TEARE RLIHRA-dssi it 0§ €d.

I f step #1200 returns NO i.e., no scene change is allowed in the
mul i - scengspeMbadtsas [ar entdl d ek bendtbolotuepthdicithg @dtpnaane
reproduction path has been sel ected, the procedure 5~ noves to step #1300.
At step #ld@6taheemint isearigire dnidigt ek Fanitenbnf gheg relceriddng rediamyet
connection scene is a rnulti-angle scene is reset, and the procedure
noves' to scap algp3pe easily obtained from the data volume defined as
the jumpable distance based on the recording method "and
density of the recording medium.
10 A 250-Mbit jumpable distance is equivalent to a
50 sec. presentation time assuming AV data reproduced at
an average 5 Mbits/sec. With even higher quality AV data,
the presentation time is less than 50 sec. In movies and
other data streams edited to remove particular scenes due
15 to cultural, educational, or other reasons, the excised
scenes are typically long, usually ranging from 2 to 5
minutes, and even as long as 10 minutes. If the excised
scene lasts 5 minutes, for example, with the above
reproduction apparatus, it is not possible to
20 uninterruptedly connect the scenes before and after an
excised scene if the before scene, excised scene, and after
scene are recorded to disk in a single contiguous series.

More specifically, the data corresponding to a continuous 5

minute scene cannot be jumped in a single jump operation.



10 At step #1302 it is determ ned whether either the preceding VOB seanl ess
connection flag VOB Fsb or foll owi ng VOB seam ess connect{ oJJnﬂ%r\é% 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 15
precedi ng and foll ow ng scenes, the procedure noves to step #13 04 . At
step #1304 the interleave flag VOB-RD4i-dentifyi ng whether the VOB, the
encoded data of the target scene, is interleaved is set. The procedure then
noves to 20 step #1800. However, if step #1302 returns NO, i.e., the target
connecti on scene does not seanl essly connect to the preceding or follow ng
scene, the procedure noves to step #1306. 14 Novenber 2002 - 176 At step
#1306 the interleave flag VOB Fi is reset, and the procedure noves to step

#1800. If step #120@Hetalr &6e YEBsohewews i witich tHies eavSaatgul ti-angle
connection, the procedure noves to step 5 #1400. 'At step #1400, the

mul ti - angl €othpres¥DBnFmaatyl, | hier) cee EbaguXpBildn atatesato endidte
procedure noves to step #1500. At step #1500 the encoding systemcontroller
200 10 detfromntbewtiztlok WuEfetudi appndachdeso 10abps sewir essly switched in
a nmulti-angle scene period, i.e., at a reproduction unit smaller than the
VOB, based@mr-efecustenge ®ila dwifer |yndesflevsetate qamayObé . e. |
non-sean ess swi tching occurs, the procedure noves to step 15 #1600. At
sted #160RIFRrAdlt PVERgMh b AN @XchFednFfRgne data is jumped using a

jump period TJj exceeding 400 msec. While such a data
underflow state can conceivably be avoided by recording two
AV data scenarios, i.e., excised (edited) and un-excised
(unedited) scenarios, to disk, this method does not make
10 effective use of the available disk capacity. If it is
also necessary to record duplicate data for much
presentation“time, the AV data will be low quality and it
will be difficult to satisfy most user expectations.
The concept of sharing data between plural titles
15 is described below with reference to Fig. 33 wherein TL1
and TL2 refer to the data content of a first and second
title, respectively. Specifically, the first title TL1
consists of data DbA, DbB, and DbD reproduced contiguously
during time T, and the second title TL2 similarly consists
20 of data DbA, DbC, and DbD reproduced contiguously during
time T. Note that data DbA, DbB, DbC, and DbD are video
objects VOB with display times T1, T2, T2, and T3,
respectively. When two titles TL1l and TL2 thus comprised
are recorded to disk, the data stream is structured with

25 data DbA and DbD as shared data of both titles TL1 and TL2,



flag VOB FsV indicating whether angle changes within the nulti-angle scene
period are seam ess or not is reset, and the procedure no 1800.
20 However, if step #1500 returns YES, i.e., seanl ess smﬁ%ﬁﬁ?%gn%%?ﬁpg, t he
procedure noves to step #1700. At step #1700 the nulti-angle seanl ess
switching flag VOB FsV is set, and the procedure noves to step #1800. 14
Novenber 2002 - 177 Therefore, as-g@gwn by the flow chart in Fig. 51)
encode paramneter production (step #1800) is only begun after the editing
information is detected fromthe above flag settings in the scenario data
St7 reflecting the 5 user-defined editing instructions. Based on the
user-defined editing instructions detected fromthe above flag settings in
the scenario data St7, information is added to the encoding infornmation

tabl es for a%,@xe QB $ip Ui SpBR0a YOBhUNkl § 2% tah et d rbflgcgﬂﬁe@%bgaggfg

to encode the source streans, and the encodi ng paraneter

units showsrpn FedpeS BF&1P| OseiLest iva19t eBp#b8Rdedl R AN 0 ashi ot DEA
noves to step #1906Dfor audi o and vi deo encodi ng. The encode paraneter

producti onpsrdpa (T & IEhétiB08) aieldesLii bed . Noter aalar wietiikd |thetew
referring to Figs. 52, 53, 54, and 55. Based on the encode paraneters
produced i appearstil0Re tdhetimelepaplabatwadnattieodddiza HAroekendaoderign st ep
#1900, and the procedure noves to stgf.#ZOOO. .

5 33, this is simply to facilitate the use of arrows in the
figure for easier description of the data reproduction
paths. There is no actual time gap during playback.

The format whereby these data blocks DbA, DbB,
DbC, and DbD are recorded to disk in title TL1 2 to enable
10 contiguous reproduction of the data is shown in Fig. 34.
In principle, data blocks DbA, DbB, DbC, and DbD composing
a single contiguous title are recorded to contiguous
segments of the data recording track TR (Fig. 9). Thus,
data DbA, DbB, and DbD of first title TL1l are first
15 recorded contiguously, and are followed by data DbC unique
to the second title TL2. With this data format, the first
title TL1l can be contiguously reproduced without breaks in
the title content, i.e., seamlessly, by means of
controlling the reading head 2006 to access data DbA, DbB,
20 and DbD synchronized to playback periods T1, T2, and T3,
respectively.
To reproduce the second title TL2, however, the
reading head 2006 must jump past data DbB and DbD after

reproducing data DbA in period T1l, and must reach data DbC

25 before the start of period T2 as shown by arrow Sg2a in



20 Note that the sub-picture data is normally inserted during video
reproducti on on an as-needed basis, and contiguity with th rec diiH% and
foll owing scenes is therefore not usually necessary. Nbreag Yemﬁéf 2
sub-picture data is nornmally video information for one franme, and 25 unlike
audi o and vi deo data having an extended ti nme-base, 14 Novenber 2002 -178
sub-picture data is usually static, 1gfd is not normally presented
continuously. Because the present invention relates specifically to

seanl ess and non-seamnl ess conti guous reproduction as described above,
description of 5 sub-picture data encoding s omtted herein for
sinplicity. Step #2000 is the last step in a |l oop conprising steps #300 to
step #2000, and causes this loop to be repeated as nany tines as there are

VB Sets. fs b90P TRERALT ddie UOMAR NG BaVESDRECH A oM #hg 408410

reproducti on” sequence and ot her reproduction information for ea

the title {634 mi6t Hambh®AIOHAMLEER i dBEADBE! BHAUDBD Id¥ YA SRYeByt he
VOB in the nmulti-scene periods, and conpletes the VOB Set data stream and

VOB dat a sfresm sgeBedahdr rassiremstid aand ebe 0889 thEhe thirac edungedbod hen
noves to step #2100. At step #2100 the VOH Set data streamis conpl eted as
t he encodiTgy | NBecamseontt dhlee timeaadiquyitdd tot mbveuther refadddhy Jedsq VOBS
NUM obt ai ned as a result of the |oop through step #2000 to the VOB Set data
strkam aRPP® betveay dasanidisaksof it tisndt TResEbbAef it @ see nunber  of
scenari o reproduction paths in the scenario data St7. The procedure then

noves to $X8NLe990reryeERFtiONe XAt FREPrBBdcARE PRE veB kEBigenat a
42200 bas P HIATheIBRCOHBYSTFILES P SRR ora Y8090 DeTyees: tBARGnd

Fro 50, “HArh L Ea% cHRUl - det e Chafiing B FR B d s |
table VTS A Prdenfied FRATACRE oo S lohe Mtr of BRI EE 2T ng

t gy VOB dadr §160F PONCHEORREBGHRRCA ngiown in Fig. 16 are produced, and
formatting to, for exanple, Interleave the VOB contained in the nmulti-scene

periods, is 10 accowpl thhed enBtl espstd figeSt €PSs@IBEHEO@ 1yN ebddiissd or mat ti ng
operation are described belowwith reference to Figs. 56, 57, 58, 59, and
60. scenes and choose from among plural scenes, a state wherein
non-selected scene data is recorded inserted between common
scene data and selective scene data necessarily occurs
15 because the data units associated with individual scenes
are contiguously recorded to the recording tracks of the
recording medium. If data is then read in the recofded
sequence, non~selected scene data must be accessed before
accessing and decoding the selected scene data, and
20 seamless connections with the selected scene is difficult.
The excellent random access characteristics of the digital
video disk system, however, make seamless connections with
the selected scenes possible.
In other words, by splitting scene-specific data

25 into plural units of a specified data size, and



The encode paraneter production subroutine shown as step #1800 in Fig. 51B
is described next using Figs. 52, IS 53, and 54 using by @@é of ex%ﬁﬁle t he
operation generating the encode parameters for multi-angl & Eg¥ePBer<002
Starting fromFig. 52, the process for generati-ng the encode paraneters of
a non-sean ess switching streamwith nulti-angle control is described
first. This stream 20 is generated _when step #1500 in Fig. 51 returns NO
and the followi ng flags are set as shown: VOB Fsb = 1 or VOB Fsf = 1,

VOB Fp =1, VOB Fi =1, VOB Fm= 1, and VOB*"FsV = 0. The foll ow ng
operation produces the encoding information tables shown in Fig. 27 and
Fig. 28, and the encode 25 paraneters shown in Fig. 29. 14 Novenber 2002
- 180 At step #1812, the scenario reproduction sequence (path) contained

i h iod . St7 1 d S VOBS NO i ,
ind the VOB THESE (i i) T fLFBEE 5adl Mt S et FhEF sishEnmaness iy
#1814 . i i f s i d,V j d
fromthe sddhd Brefutined Sapbencd Hhal faGdibRieMeIR Whhih RATe
fromthe e%@%xﬁﬁfﬁ@tﬁéﬁiéswﬁéfeﬁﬁssﬂ PRt du,ef 1 8aver £+ 803 YEB Rbe

setting (= 1). 10 At step #1816, the mnimuminterleaved unit presentation
time | LVU Medus eXit ad esbés DBl é heo SeepabdacdatthStdel At &4 e9cdl84d8, the
vi deo encode GOP structure GOPST~values N = 15 and M= 3 are set, and the
GOP 515 st r waitthomtf iddteyy integr Gt Foofis abyi dnsetrn(ittEnt basatkbessimg and
multi-scene f lag VOB_Fp setting (= 1).

decoding the data specific to the selected scenes using

these split data units. Seamless data reproduction is

thereby assured.

Detailed Definition of Interleaving

10 The seamless connection method and data splitting
and arraying concepts of the present invention are
described below using the track buffer input transfer rate
Vr and data consumption rate Vo described above.

Referring again to Fig. 32, the data consumption

15 rate Vo is less than the transfer rate Vr (Vr > Vo). Using
this difference, a known data volume is read at the
transfer rate Vr, buffered to the track buffer and stored,
and is then consumed (output to the decoder) while the
optical pickup moveés to the position of the next read data.

20 To prevent a data underflow state even after multiple
repetitions of this operation, split data units for a
defined volume of data for each scene are distributed at an
appropriate interval. This method of arraying data to
assure seamless data reproduction is called "interleaving,"

25 the split data units of a size sufficient for buffering to



Step #1820 is the common VOB data setting routine, which is described bel ow

referring to the flow chart in Fig. 53. This common VOB d i
routi ne 20 produces the encoding information tables shownﬁ%ﬂoﬁﬁéééﬂg§92and

28, and the encode paraneters shown in Fig. 29. At step #1822 the video
material start tine VOB VST and video material end tine VOB VEND are
extracted for each VOB, and the videggencode start time V STTM and 14
Novenber 2002 - 1%$1 video encode end tine V ENDITM are used as vi deo
encodi ng paraneters. At step #1824 the audio material start tinme VOB AST of
each VOB is extracted fromthe scenario data 5 St7, and the audi o encode
start tine A STTMis set as an audi o encodi ng paraneter. At step #1826 the
audio material end tine VOB AEND is extracted for each VOB fromthe

iodata St7, and_at _a ti t exgeeding the VOB _AEND ti This 10
e extr ddted bre s PasRes st sebe Lind OLT FEe¥e Y2tPne 208 E"Encode end
time A ENDTM whjch i ' i t that _th '
access uni 1M IS0 FEvEerBF FEnal i T St o Shg oot oAb ERBa " AP SEr 8A VsFe2s

the audio gtart @ap A STGAP 15 obtained fromthe difference between the
vi deo encode start tinme V STTM and the audi o encode start time A STTMis

defined as a systenygBaOSHP YA efs Lb18ELRa#E83R pharaudisecerd, gap A
ENDGAP obt ai ned fromthe difference between the video encode end tine
5 interleave units are required for the plural video objects
VOBs composing those plural scenes. Two interleaved units
ILVU contiguous on the time-base and belonging to the
selected scene are separated by one or more interleaved
units ILVU belonging to another scene inserted
10 therebetween. The distance between two
time-base-contiguous interleaved units ILVU belonging to
the same scene is defined as the interleave distance.
For example, 260 msec is required to move 10,000
sectors using an optical disk recording medium. If this
15 10, 000-sector movement of the optical pickup is the
interleave unit distance, the size of the interleaved units
ILVU can be determined from the difference between the
track buffer input and output transfer rates Vr and Vo, and
the size of the track buffer. Let us assume, for example,
20 that compressed data is being output at a constant rate
using an input transfer rate Vr of 11 Mbps and an output
transfer rate Vo of 8 Mbps, and a track buffer capacity of
3 Mbits. If the distance between interleaved units ILVU is
10,000 sectors, there must be enough interleaved units ILVU

25 to input to the track buffer to accumulate therein a



20 V ENDTM and the audi o encode end tine A ENDTMis defined as a system
encode paraneter. At step #1832 the video encoding bit

extracted fromthe scenario data St7, and the video encoggfﬁ?wﬂﬁ%¥éongﬁTE
which is the average bit rate of video 25 encoding, is set as a video
encodi ng paraneter. 14 Novenber 2002 - 182 At step #1834 the audio
encoding bit rate A BR is extractedggromthe scenario data St7, and the
audi o encode bit rate A RATE is set as an audi o encodi ng paraneter. At step
#1836 the video material type VOB V KIND 5 is extracted fromthe scenario
data St7. If the material is a filmtype, i.e., a novie converted to
tel evi si on broadcast format (so-called tel eci ne conversion), reverse

tel eci ne conversion is set for the video encode node V ENCMD, and defi ned

as a vide codlng eh L8838 heAYdEReCPLAY naet hod VOB
A KI ND |s%§§f g?%e scengégg%ﬁata St7, andoﬁﬁe eﬁcodingn thod is

set as thef1 %Lgilnpo.\gggode met hod A ENCVD and set as an audi o encodi ng
parameter. step #1840 the initial video encode data 15 V I NTST sets the
initial value of th?nVE}énlélﬁafle,r Jom 8 Kl e 1 essqtibanlehe YBV2Bof frecend

val ue set by the |last video encode data V_ENDST, and defined as a video
encodi Nng P& FEiWaclitastep #T842tole YER snumdzdr  A43Ba NI ofhé her&6xpr ecedi ng
connection is set to the preceding VOB nunber B VOB NO based on the setting
(=35) of tWiefedesfage EBvisgnbesyeeoniadedefved) WOBEFsbL.VEndsovrcas a
system encode paraneter.
data must be input to the track buffer for 0.7 sec. at the
difference between transfer rates Vr and Vo (= 2080
Kbit/(11-8) Mbits/ser). The time needed to read enough
source data from the recording medium M to store sufficient
10 data to the track buffer to provide for data consumption by
the decoder while the optical pickup is moving to the
target interleaved unit ILVU and can resume data reading is
defined as the minimum accumulation read time.
The minimum interleaved unit size, i.e., the
15 amount of data that must be read, is therefore 7.7 Mbits.
converted to presentation time, this makes it possible to
interleave units with a presentation time of 0. 96 sec. or
greater with presentation time intervals less than 20 sec.
between interleaved units. By reducing the system stream
20 consumption bit rate, the minimum accumulation read time
can be reduced, and the size of the interleaved units can
be reduced. It is also possible to increase the jumpable
time without changing the interleaved unit size.

One method of connecting scenes is shown in Fig.

25 35 where the following scenarios are possible: scene A



At step #1844 the VOB nunber VOB NO of the 25 follow ng connection is set
to the foll owi ng VOB nunber 14 Novenber 2002 -183 F VOB baﬁ%g 88 t he
setting (= 1) of the followi ng VOB seanl ess connecti on f|E£E§w%ﬁ §?, %nd
set as a system encode paraneter. The encoding information table and encode
5 paraneters are thus generated for a nulti-angle VOB Set with non-seanl ess
mul ti-angle swtching control enabl ggy _The process for generating the
encode paraneters of a seamnl ess smﬁtc%ing streamwi th nulti-angle control
i's described belowwith reference to Fig. 54. This streamis 10 generated
when step #1500 in Fig. 51 returns YES and the following flags are set as
shown: VOB Fsb =1 or VOB Fsf =1, VOB Fp =1, VOB F =1, VOB Fm= 1, and
VOB FsV = 1. The followi ng operation produces the encoding information

bl h ' i q. .2 d Fig, 28 h h [
Fig. 29, THERRBEESW 5 GRARE iGh FroMichsCPRBCRREouITRy SHN bt | BALERD| o5

h in FLa. |_Ck : iQ. Fl 29.

Aot op w1bBostPRELERER 5% SR oR ATCHE RRGARESTIr NUBML 0ol T

the scenar Locflat § Shfiict e bl atbnd he, VeRi S6L 1BUBHGH MBS NO T s set, and

the VOB nu I's set one or nore VOB in the VOB Set. At step
#1852 the gpxEpupubel Fake d BRI theei sbgnbaaved ¥SRres Xduacted arom

the scenario data St7, 25 and the maxi num vi deo encode bit rate V MRATE

fropmthe Qgifferent time segment than scene B. In such cases, scene
D is further blocked into scene segments (scenes) D-1, D-2,
and D-3. The system stream corresponding to scenes B, D-1,
C, and D-2 is the output system stream output at transfer
rate Vo (= 8 Mbps). Data is input to the track buffer at

10 transfer rate Vr (= 11 Mbps) in the scene sequence B, D-1,
c, D-2; the data size of each scene is greater than the
above value (= 0,96 sec.), and can be arrayed within the
distance that can be jumped between connected scenes as
described above.

15 However, when scenes with the same starting
points but different end points, e.g., scenes B, C, and D
in this example, are interleaved, three different system
streams become interleaved during the period corresponding
to scene D-1, two system streams become interleaved during

20 the period corresponding to scene D-2, and processing tends
to become complex. It is therefore more common when
interleaving plural video objects VOB to interleave objects
having the same starting and end points, thus simplifying

processing. This can be accomplished as shown in Fig. 36

25 by copying and appending scene D-2 to scene C of Fig. 35,



14 Novenber 2002 - 184 encode paraneters is set based on the

gbg | eave
flag VOB Fi setting (= 1). At step #1854, the m ni num T4nievenghgy nit

presentation time ILVU MI is extracted fromthe scenario 5 data St7. At
step #1856, the video encode GOP structure GOPST values N = 15 and M= 3
are set,

and the GOP structure fixing flag GOP Fxflag,is set (= 1),
on the nmulti-scene flag VOB Fp segfing (=1).

encode GOP GOPST is set to "close based on the multi-angl e seamnl ess
switching flag VOB FsV setting (= 1), and the video encodi ng paraneters are
t hus defined. Step #1860 is the common VOB data setting 15 routine, which

Is as described referring to the flow chart in Fig. 52. Further description
thereof is thus omtted here.

The encode paraneters of a seam ess sw tching
streamwith nulti-angle control arg thys gﬁféw%ﬁdﬁl EA0B 203 BT At h
nulti-an@ﬁ%fgﬁgrgﬂifﬁin@sthebﬁalﬁ Sv&- The process for generating t he
encode paranetérs for a systen1stre§qﬁi%\Mﬂ&ﬂbﬂaugﬁumwsld@kt%oﬂ% bR s
i mpl ement.eds | soteset j bidebel BREWPER &f &r ence to Fi g. 55. This streamis
gener ated when step #1200 in Fig, 5%, gLt Unitser? Silkeahea g1 2 REIBF PECur ns
YES, i.e.inﬁaﬁléavedmﬂhéePlSBQe T4 "Novenber 2002 -185 are se% as shown:
VOB Fsb = 1 or VOB_Fsf = 1, 4ﬁpﬁﬁé”digital video disk systemn,

and connecting scene

based
10 At step #1858, the video

i tarting and
interleaved with the s
rhe scenes are in
5 therefore,

end points thereof aligned.

i i i ther
The interleaving concept 1s described in fur

detail below.

t d

|[ o : E- | ] . -‘] |- -f I-

h l

. . imity
i i hysical proximity,
i the same time 18 inp
at approx1mate1y

i . When one scene
i are arrayed in alternating sequence
15 time

h

nes often
however, the time between these plural sce
movies, ho ;

if it is
i difference can pe absorbed by the buffer 1
20 time

is not possible.



VOB Fi =1, VOB Fm= 0. The foll ow ng operation produces the encodlng
|nfornat|on tabl es shown in Fig. 27 and Fig. 28, and the od ar ters
shown in Fig. 29. 5 At step #1870, the scenario reproductlf)ﬁl B%r

(path) contained in the scenario data St7 is extracted, the VCB Set number
VOBS NO is set, and the VOB nunber VOB NO is set for one or nore VOH in the
VOB Set. At step #1872 the naxinunrbhqzrate ILV BR of the 10 interl eaved
VOB is extracted fromthe scenario data St7, and the maxi num vi deo encode
bit rate V MRATE fromthe encode paraneters is set based on the interl eave
flag VOB Fi setting (= 1). At step #1872 the.nunber of interleaved VoB 15
divisions ILV DV is extracted fromthe scenario data St7. Step #1876 is

t he common VOB data setting routine mhich is as described referring to the

flow chart in Fig. 52I %éth r.d s |on t hereof .is_thus Sa g1 ere. 20
The encode par anet er st Hf $E& eﬁﬁ i th bﬁ?ﬁﬁ?ﬁ? I 8k1865F?8F is

| mpl ement ed are tdeéfn&gtgoehgt gg nS8le WddufDUldda SEengeel ael | o

control enablé&d %S escrlbe above e process or generating e ‘encode

paranet ers 3%6%@3:_ %%iﬂlﬁfesﬁiﬁé”hgoab@aﬁ'n%aaﬁid“giﬁe %T%:iéa&eeﬁeri@ed

14 Novenber owwth reference to Fig. 61 IS stream1s

generat ed waeRn HRMIHHW dFe FhEreSdabely dethiPmines. WHh R dhrkidde

foll owi ng operation produces the encoding i nforrmation tabl es shown in Fi g.
27 add Fi g. op8ratidbr hha£Tdee Cheanaeet ebs sel@ut ifrdn Gmaify pursilep

#1880, the scenario reproduction sequence

scenes (e.g., multi-angle scenes) with seamless playback,
the presentation time of the previous angle stream is
increased after the angle (stream) is changed if the
interleaved units ILVU are made longer and the amount of

10 data stored at one time is increased. This also results in
more time being required for the displayed stream to
change.

Interleaving is thus the process of optimizing

the system stream arrangement in data block units to

15 prevent a data underflow state from occurring in the track
buffer of the authoring decoder DC when the encoded data
supplied from the stream source is consumed for decoding by
the decoder.

A major cause of this data underflow state is the

20 mechanical movement of the optical pickup, though there are
lesser factors such as the decoding speed of the
communications (decoding) system. Mechanical movement of
the optical pickup is a problem when the optical pickup
scans the data recording track TR of the optical disk M to

25 read data. Interleaving is also needed when recording the



(path) contained in the scenario data St7 is extracted, the VOB Set nunber
VOBS NO is set, and the VOB nunber VOB NO is set for one n the
VOB Set. 10 At step #1882 the nmaximumbit rate |ILV BR of ?L§g$%@%¥?§g%ed
VOB is extracted fromthe scenario data St7, and the maxi num vi deo encode
bit rate V MRATE fromthe encode paraneters is set based on the interleave
flag VOB Fi: setting (= 1). 15 Step;#4884 is the conmpbn VOB data setting
routine, which is as descri bed referrlng to the flow chart in Fig. 52.
Further description thereof is thus omtted here. These flow charts for
defining the encoding 20 information table -and encode paraneters thus
generate the paraneters for DVD video, audio, and system stream encodi ng by
t he DVD fornatter Formatter f |ows The operation of the subroutine

db h f hown ,
Goscri bed S22 Ry SieraRn s st Thos s SoR: RR, BFofBn O DL 58 Ms7
58, 59, f h DVD I di
bi tstrea%ngl?ﬁeds-égrd; |8:1 ttcfh B%g)encﬁglégfg&g%ﬁgot s eé‘brgﬁur?'lzjé ° !tﬁe
present | Migabhan 'gr%%a%{ RELo difle [GEEOCEL LGNSl A4 10 Fi g 56

Not e t hat ose steps shown 1n Fig. 56 mnt a doubl e I|n are subrouti nes.
At step #2§i9eE€Q§Té§gw\g@wﬁmfpw@tbp@acﬂﬁse.@g chab 188l 121185 M S
or

managenent table
5 and other dedicated line transmissions, broadcast
satellites and other radio wave transmissions, and other
means whereby title content is not reproduced from a
recording medium on the user’s side. In such cases the
transmitted source stream must be interleaved.

10 ' Interleaving can thus be more specifically
defined as the process whereby the data carried in a source
stream comprising source data groups of plural contiguously
input source data blocks is arranged in a particular
sequence whereby the desired (targeted) source data can be

15 intermittently and sequentially accessed to contiguously
reproduce the information in the targeted source data. The
duration of these intermittent breaks in the input of the
target source data that is to be reproduced is therefore
defined as the jump time of the interleave control.

20 It should be noted, however, that an interleaving
method for arraying on a random access disk movies and
other common titles containing scene selections that may
branch and recombine according to various scenarios in a

manner whereby video objects VOB containing video data

25 compressed with variable length coding has not been



10 the nunber of titles TITLE NUM based on the nunber of titles TITLE NUM
in the VOB Set data stream At step #2312 it is deternineﬂﬁMhet er

mul ti-scene selection control is enabled based on the mul ti-&ct eering
VOB Fp in the VOB Set date stream |f 15 step #2312 returns NO, i.e.,

mul ti-scene control is not enabled, the procedure noves to step #2l14. At
step #2314 the operation for coding,34single scene (VOB) executed by the
formatter 1100 of the authoring encoder EC shown in Fig. 25 is
acconplished. This routine 20 is described later. If step #2312 returns
YES, i.e., multi-scene control is enabled, the procedure noves to step
#2116. At step #2316 it is determ ned whether the information is to be
interl eaved or not based on the 25 interleave flag VOB Fi state in the VOB

Set dat t . 4 nb 2002 -.188 . If st 316 NO, i.e.,
The | nf or nEEFOT im0t TREBESTHBIREATBAS ERES PR ARES HOVALEko Step
#2314. | ste% #2316 return YEEg iae , %he ingorgggjon IS to be

i nterl eave§&Ht ﬁé‘npra&oe“gh? e Véjs %‘o g?es £9%) &5 SERUNSP Y18 Fhei s

det i ned | $4= I j il th
i £ angP EPraTa dAEd] g hEQ ot 1y naR el R IR D 06 0T Ui s
NO, the paggpigle 0Lk RAUNTOlvIMIhEENE BbBPa¥LAH Zig-% Rewld £0yvigboSt ep

#2318 returns YES, the 10 procedure noves to step At step #2320 the
opesati on bpHek@emEld i Gddeevéd Sedbl Digpseentaks ealayadk ol is executed.

This subroutine is shown in Fig. 59 and described bel ow. At step #2322 it
i s determ ned whet hethéd dpplitdtto a-bBuDr bystemAad described, above?~ i rW
~ N "~ f~10.""n~ ~~ sed On the

these video objects are distributed to positions

(navigation packs NV) within a specific time-base range

bounded by GOP units, the unit of Qideo data compression.

10 The GOP data length, however, may vary as a result of
user-defined image manipulation processes or intra-frame
coding inserted for higher image quality. This means that
the location of the management packs (navigation packs NV),
which are dependent upon the presentation time, can vary.

15 This means that the point at which the scene angle changes
or the optical pickup jumps to the next data block in the
playback sequence is indefinite. Furthermore, if plural
scene angles are interleaved together, the length of
contiguously read data is indefinite even if the next jump

20 point is known. Thus, the data end point position is known
only after the next angle data is read, and switching the
playback data is thus delayed.

The present invention therefore provides a method

and apparatus enabling seamless data reproduction using an

25 optical disk having a data structure whereby data is shared



mul ti-angle seam ess switching flag VOB FsV. If nmufti-angle switching is
acconpl i shed wi thout seanml ess switching, i.e., with non-s ess,_ swi.t.chi ng
and step #2322 returns NO, the procedure noves to step #2§§@BVQKPSHQQBS

nmuf ti -angl e non-seam ess 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. 57. 1 1§@venber 2002 - 189 If multi-angle
switching is acconplished with seanml €ss switching control, i.e., step #2322
returns YES, the procedure noves to step #2324. The multi-angle seanl ess
switching control 5 routine executed in step #2324 by the formatter 1100 of
the authoring encoder ECin Fig. 25 is described later wwth reference to
Fig. 58. The cell playback information (PCG information entries C PBI) of

he VTS i nf i S| .as_10 i ousl y_descrihed is th ded.
Al step #233BETERNS BRI rhHL e ERer S 1 CAPRE Bot BEQACiA, ddhebyR YREL R Set
mber VOBS_NUM have. .b t tter. If NO, cantrol |
back 1o st eRPHHSE3, CARK (FRATH 0obs AuREbgatheer phyisalieh wiftdengfEPe
been for ”atésgnetpsﬁgaaﬁs% nt ‘EE”&EQ&S%EF'?G‘C %{xé'ﬂgt%d’:‘%gg‘ ﬁp%{»%guﬁz%%

mul ti-angl e hon-séani eSs sw tching control routrne execu

when step #2322, Ek@nt58nveiitiidls HNQ igedesshblede 1DV Sitdltidiedaiddies, t he

i nterl eaved arrangenent of the 20 nultinmedia bitstream MBS, the content of
t he sell pI@ygaggcbﬂbghgghbo&ﬂaaﬂgajﬂ) shown in Fig. 16, and the

information stored to the navigation pack NV shown in Fig. 20, in the
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. 37.

10 Shown in Fig. 24 is a case from which three scenarios may
be derived, i.e., branching from one video object VOB-A to
one of plural video objects VOB-B, VOB-C, and VOB-D, and
then merging back again to a single video object VOB-E.
The actual arrangement of these blocks recorded to a data

15 recording track TR on disk is shown in Fig. 37.

Referring to Fig. 37, VOB-A and VOB-E are video
objects with independent playback start and end times, and
are in principle arrayed to contiguous block regions. As
shown in Fig. 24, the playback start and end times of

20 VOB-B, VOB-C, and VOB-D are aligned during interleaving.
The interleaved data blocks are then recorded to disk to a
contiguous interleaved block region. The contiguous block
regions and interleaved block regions are then written to
disk in the track path Dr direction in the playback

25 sequence. Plural video objects VOB, i.e., interleaved



generated DVD nultinedia bitstream MBS. At step #2340 based on the

mul ti-angle flag 25 VOB Fmsetting (= 1) declaring whethe | ti
cont rol 14 Novenber 2002 - 190 is applied in the nult|E%E@ Bﬂqgwg t he

cell block node CBM (Fig. 16) of the cell playback information blocks C PH
#i containing the VOB control information for each scene is declared
according to the position of the angif data. For 5 exanple, the cell block
mode CBM of the MA1 cell (Fig. 23) 1 %eclared as 0l1b to indicate the

begi nning of the cell block, the CBMof MA2 is declared as 10b to indicate
a cell between the first and last cells in the block, and the CBMof MA3 is
declared as 11b to indicate the end of the cell 10 bl ock. At step #2342
based on the multi-angle flag VOB Fmsetting (= 1) declaring whether
multi-angle control ,is ap 8I|ed in the nmulti-scene period, the cell block
type CBT (F/i2ea69PdeCtReVOBS! @rawfa%% *%%f%?ﬁa?%'ﬁ EPSOkS inopBrack AR
cont ai ni ng the VOB contr information for each scene is declared as 0lb to
i ndi cate arPrAntrevn g%@ #7344 the seam ess playback flag SPF (Fig. 16)

I\/Sésgznz ?ol1 :zfz)?reraf?one%o %Cééoacﬁr:{‘gcgﬁlel g‘gsg% %’l epglr Sc & 3‘@6@4 4" the
Sean oos comeett e atS LY cR=rsYeY Phe %%”ﬁ%ﬂs'ef?.fﬁ%k%""l ET%BEQPE%J% Lo 1
in the celland ayha ¥p@éor "BbheR @Io@%k:bl%d?Bl ﬁlg§saoﬂﬁa¢vﬁi?ﬂ /68 W@h
control information Tor each scene based 14 Novenber 2002 191 on
precedi ng \{Fscrared essacLAgChhan ehlda@od@ddxre 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. 38 in the
10 playback segquence, i.e., block 1, block 2, block 3,
block 7.

As shown in Fig. 38, the VTS title VOBS
(VISTT_VOBS) consist of blocks 1 - 7, inclusive. Block 1
contains VOB 1 alone. Blocks 2, 3, 5, and 7 similarly

15 discretely contain VOBS 2, 3, 6, and 10. Blocks 2, 3, 5,
and 7 are thus contiguous block regions.

Block 4, however, contains VOB 4 and VOB 5
interleaved together, while block 6 contains VOB 7, VOB 8,
and VOB 9 interleaved together. Blocks 4 and 6 are thus

20 interleaved block regions.

The internal data structure of the contiguous
block regions is shown in Fig. 39 with VOB-~i and VOB-j
arrayed as the contiguous blocks in the VOBs. As described
with reference to Fig. 16, VOB-i and VOB-j inside the

25 contiguous block regions are further logically divided into



20

state, which is set to 1 to indicate a seamnl ess connection. At step #2348
the interleaved allocation flag IAF (Fig. 16) is set to 1 in the ceII
pl ayback information 5 blocks C PBlI #i containing the VOB control
information for each scene based on the rrultl -angl e seanl ess svvltchl n'\éo
VOB FsV state, which is set to 1 to indicate it erl eavi ng is required. '
step #2350 the location of the navigation pack 10 NV (rel ative sector
nunber fromthe VOB beginning) is detected fromthe title editing unit (VOB
bel ow) obt ai ned fr@g(?%%he system encoder 900 in Fig. 25, the navigation pack
NV is detected ba dshe:yg nimuminterleaved unit presentation tine

| LVU_MT i nformatisp &a formatté’rl I»Eb‘_ﬁa{rarreter obtained in step #1816, Fig.
51), the location o? ex!Eressed URd tt.he rlrjtt)er of sectors fromthe
VOB begi nni ng, famh 'S uso i ped, an We gt t I e editing uni t
VOB i s divided int ge;é%ggr#‘eave uni ts@%s WW% n| ts. 209 Per vexa ‘rg/rp

inthis exanple the mninmuminterl eaved unit pres rﬂ@ll eE&\Lme I L UlMTthgs
sec and the present ation Eacﬂe@ one VOBU is 0.5 sec. Itth%
divided into in @Btfea g units oty a4Bl. each. Note that this all’oc I|Io|;;e2
operation is applied t \@dZS const1i8% img gach mul ti-scene data uni't .
14 Novenber 2002ungy At step ?@3@23’5 interl esf\'/énqrrg tw; pf each VOB

obt ai ned from step #2 gﬁ Bfetag ranged in t"h'eitedr | ock noY OCBMjsée uence
(cell block be"d? TINE), ¢ Dmddl e, énd gks) Wl‘lq 1a§ut he VOB'CG gl i ¢
information f each 5 %&d&nﬂ tep #2320 teeformthe i ntof IWmved bl ocks
as shown in (o} gBamOé §8 The i Wi &xwed bl ocks re tbgp, added to the VIS
title VOBS (\ﬂﬁTT VCBS) ’EJsE’@rg ceII b (?t,slé.trm,ql,e CBM dec?‘a’r’%tl ons above,
for gganple rrlglvq gdat a' MAL, \/M%AB (Fig° 23)‘zear: irranged in

t hat sequenggog I’LO At sté 923&4 h reI at | Saed nunber floﬂmth VCBU
start is wrltten"c‘iﬂt CBendg ﬁm)iddr sVCBU -’(TFﬁcg-m 0, |nt

navi gation pegly &N of eac HPatcRly based on t ]p$5| ti on Iiﬂiﬁtl
obtained in step™#2886. . éﬁe step e hagy |rst ce rt addr 15
C FvoBU SAfd:wct Iast cett tart a 5F§§so@ P{CBU SA e g£ssed as the
nunber of sectors fib %I nn| (ﬁhds VTS t|t & VOBS ¢ (VTSTT VOBS) are
witten a %rbteka{j resses of & er@%w gatlon p"d'b T.ps{/ t he fngtlag@ | ast
VOBU i n each cel d;cpntthe VT %’EeaX/@S (VTST OBRese v

FeProdycey. FeCorgeq B ang

YeMmbgr 50,y
At o0



20 data obtained in step #2352. The angle # VOBU start address NSM. AG Cl
DSTA - NSM. AG. C9 DSTA of the non-seanl ess angl e informjj I
(Fig. 20) in the navigation pack NV of each VOBU is mmitti%ﬁgyaﬁﬁéﬁﬁggSSS.
This address is expressed as the 25 relative sector nunber inside the data
of the interl eaved 14 Novenber 2002 -193 bl ocks fornmed in step #2352, and
decl ares the address information (Fjgg .50) of the navigation pack NV
contained in the VOBU of all angl e scenes near the presentation start tine
of the VOBU being processed. 5 At step #2360 "7FFFFFFFh" is witten to the
angle # VOBU start address NSM. AGL Cl1 DSTA - NSML AG C9 DSTA of the
non-seam ess angle information NSM. AGI (Fig. 20) in the navigation pack
NV of each VOBU if the VOBU being processed is the | ast VOBU of each scene

i h [ ti= 0 iad. This. i h i | d
bl ook T ot EFOlRAY o BRE 3%, SHHSI S bR e B Bgndr BRI, \ad | PN,
i od, Il | ] i ti
Control | i bed e rd o | SRR qa T CEEELER B crRE AT R s, (e
mul ti - anghgypeant £3SveBLiC g eOH il ad QUi APE RXEEULEE A Byt QR 142324 When

step #2322, Fig. 56, returns YES is described. This routine deffines the

i nterl eavetharigpeeTeateal uniesnirviuraties 280t shseaBehBaudlike 6Nt ent  of
the cell playback information (C PBI#i) shown in Fig. 16, and the

infHrmati andd®restsdo the navigati on pack NV shown in Fig. 20, in the

generated DVD nul tinmedi a bitstream MBS. At step #2370 based on the

mul ti-angle flag 25I¥OBhEmeseinplw gshown UecFagi nd Owhdhleerinnertlieaned e

control 14 Novenber 2002 - 194
units ILVUk1l, ILVUk2, ILVUk3, and ILVUk4, and ILVUml,
ILVUm2, ILVUm3, and ILVUm4, from two different video
objects VOB-k and VOB-m are alternately arrayed within a

10 single interleaved block. By interleaving the interleaved

units ILVU of two video objects VOB in this sequence, it is
possible to achieve seamless reproduction branching from
one scene to one of plural scenes, and from one of plural

scenes to one scene. This interleaving process further

15 enables seamless reproduction of scenes from various
scenario threads in most cases.
An alternative for achieving Interleaving
Seamless reproduction is even possible when
there are three possible scenario threads as shown in Fig.
20 35, i.e., from scene A to scené.B, and then to scene D-3

starting at some midpoint in scene D; from scene A to the
beginning of scene D; and from scene A to scene C, and then
to scene D-2 starting at a midpoint in scene D different
from D-3. As shown in Fig. 36, it is also possible by

25 connecting before and after scenes (scene D-2) to align the



is applied in the nulti-scene period, the cell block node CBM (Fig. 16) of
the cell playback information blocks C PBI #i containing 1t4t}$ V%%e??&%%ol
information for each scene is declared according to the position o e
angl e data. For S exanple, the cell block node CBM of the MAl cell (Fig.
23) is declared as 0lb to indicate the beginning of the cell block, the CBM
of MA2 is declared as 10b to indicgb& a cell between the first and | ast
cells in the bl ock, and the CBM of % is declared as 11b to indicate the
end of the cell 10 block. At step #2372 based on the nulti-angle flag VOB
Fm setting (= 1) declaring whether nulti-angle control is applied in the
mul ti-scene period, the cell block type CBT (Fig: 16) of the cell playback
i nformation blocks C PBI 15 #i containing the VOB control information for

each scene is declared.as 01b to indicate an "angcll e." At step #2374 the
seanl ess pEXAFFANT 13nf i (PP YNTS6RCFOT AN §01 e dRE R S HEWF By PR CRE
information bl ocks C PBI #i_containjng t control inforpation, for 20
each scene tH&&F G heHreReHP Ry Vﬁ%ggegﬁﬁggghégnﬁﬁﬁq?ﬁ?fQéE%QR¥¥¢%b
state, which is set ta.l I ndj + QS nnection. At,step #2376
The STC recleriuty 19 A o P oo ERt 8o T8RE BRE BRI Wilkad 40t o et on
bl ocks C PBL i Gt 1 e VOB 68REEOL vERF @ is 1845 e
based 14Bh§velr$t23lé%r 2005?%%12%% ﬂgn the preceléiv%g % slelgl’r%éeegé con%ec%?l?%n
flag VOB Fglk glizireroMt Grdrfeset to 1 to indicate a seanl ess connection. At
step #2378 the interleaved allocation flag AF (Fig. 16) is set to 1 in the
cel | playbaak infrleemv iy S id@ekishic SBhp#tibbat @i Bhngrabiie i@ 1
information for each scene based on the nulti-angle sean ess swtching flag
VOB- FsV stabdedwidiatta is set to 1 to indicate interleaving is required. At
step #2380 the location of the navigation Rack.lo NV (relative sector
nunber from the VOBAregxanplg ¢£ @bt éntedlfavinghe lgiodidhadi ting unit (VOB

bel ow) obtained fromthe system encoder 900 in Fi&. 25, the navigation pack
NV is det eEPBR2BAPAE ¥ thhe/anifien 1enerh ca0ded uirEapr dsentvaild®oti me | LVU

Ml information (@ formatter 15 paraneter obtained in step #1854, Fig. 53),

t hd% ocat i BATAY Eﬁe%ﬁéﬁﬁlgfﬁféEQQH as the nunber of sectors fromthe VOB

begi nning, for exanple, i i.hed title edit] unit VOB is

di vided into inter F@Je{}véé" @ﬁ%@%ﬁs‘?@%%&ﬂ% g%;ggﬁdl‘!oﬁag)‘%’a#ﬁ%ﬁ%%ﬁ f in this

exanple th [ I Vs i ' ] is 2 sec and
mp Saghghqgghgag?déﬁii?%d”ﬂﬁeFgéﬁ@”ﬁé?ﬁ?ﬁg%&?ﬁnhbggrwgf

the presentati one VOBU is 0.5 sec., e is divided into
interl eavejHobt3ealedu@RY .cach MOtA dddoddl1s18 +OC8abEtaNN0REEAER] S

applied to the VOB

volume (size) of each of this particular number of

15 interleave units based on the bit rate of the VOB to be
interleaved, the jump time and distance that can be jumped
within this jump time, the track buffer capacity and the
input rate Vr to the track buffer, and the position of the
video object unit VOBU. Each interleaved unit consists of

20 video object units VOBU, each of which comprises one or
more MPEG GOP with a data quantity equivalent to a 0.4 -
1.0 second presentation time.

When data is interleaved, the interleaved units

ILVU forming separate video objects VOB are alternately

25 arrayed. If any of the plural interleave units interleaved



25 constituting each multi-scene data' unit. 14 Novenber 2002 - 196 At
step #2382 the interleave units of each VOB obtai ned fronki eﬁ #23%%H?re
arranged in the cell block node CBM sequence (cell block BP ﬂPWﬂ ddl e,
and end cells) witten as the VOB control information for each 5 scene in
step #2360 to formthe interl eaved bl ocks as shown in Fig. 37 or 38. The

i nterl eaved bl ocks are then added tojtthe VIS title VOBS (VISTT VOBS). Using
the cell block node CBM decl arati ons above, far exanple, the angle data
MAL, MA2, and MA3 (Fig. 23) are arranged in that sequence. i0 At step #2384
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 #2360. At step #2386 the

first cell NOBU, st ahbraddiesy b urfIVARAS S afdotber! @abhnCehlk ¥§EQJﬁﬁ9rt

address C LVOBU SA expressed as the nunber of sectors fromthe beginning of

the VTS titiet MBS (¥ TORItVIRSgtH e o iif eth@stébeladdngsnesrobihal
navi gati on packs NV of the first and Last VOBU in each cell baSed on the

VTS title (aBSef)d&Td WABSE 10 daiya it aimedsharséen $2382urAll sbap #2388
the relative sector nunber fromthe VOHU start is witten to the VOB end

pack addr esyzresBti=-Fhéfii ghe2Ghonteashie inthamed on paskahlwepf anauhd¥eBldwased
on the interleave unit data obtained in step #2370. 14 Novenber 2002 -
197 5 The amftatesi wiloBUrseurt whgdr & ssighordiest Dsfar 1eave AVDBCEsSDSTA of
t he seanml ess angle information SM. AGI (Fig. 20) in the_navigation pack NV
of each VOMEBXOWFed en@nd non-seamless reproduction will result

instead of seamless'reproduction.

Before encoding occurs in the present embodiment
it is therefore determined whether interleaving is

10 possible. Whether interleaving is possible can be
determined from the lengths of the pre-encoded streans.
Because the effect of interleaving can thus be determined
in advance, the need for data reprocessing, i.e., the need
to adjust the interleaving conditions and record after

15 interleaving and encoding are once completed, can be
prevented.

The interleaving method for recording to an
optical disk according to the present invention is
described specifically below, starting with the bit rate of

20 the recorded VOB and the performance and other conditions
of the reproduced disk.

When interleaving is applied, the relationship
between the track buffer input transfer rate Vr and output

transfer rate Vo is defined as Vr > Vo as previously

25 described. The maximum bit rate of each VOB to be



at step #2390. This address is expressed as the relative 5 sector nunber
inside the data of the interleaved bl ocks fornmed in step

decl ares the address information (Fig. 50) of the navigatﬁ%ﬁoﬁag%y%goz
contained in the VOBU of all angle scenes with a start tinme contiguous to
the reproduction end tine of the VOBU being processed. 10 At step #2392
"7FFFFFFFh" is witten to the angl-eldi- VOBU start address SM. AG Cl DSTA -
SML. AGQ. C9 DSTA of the seam ess angle information SM. AG.I (Fig. 20) in the
navi gati on pack NV of the VOBU contained in the interleaved unit if the
interleave unit arranged in step #2382 is the 15 last interleave unit of
each scene in the nulti-scene period. This routine thus formats the

i nterl eaved bl ocks for nmulti-angle seam ess switching control in the

muf ti - scenpnperiedveandsl eheleFolriae seal lte e ol +RANI BhEr MREICRN AT fidie
reproduction control information for those nultiple scenes. The parental

| ock subroltpue tsarpfé232aterivy. 56heexectiman whkh satp B2318 elachFNB 56
returns NO, 1.e., when it is determned that parental |ock control is 14
Novenber ZDQZtheﬁéﬂorenpeanﬁntedvaﬂ@end@Sﬁﬂthaaﬁ@re cBAt ol thes descri bed
next with reference to Fig. 59. The parental |ock subroutine described

bel ow wri tessalpwationefdptavaining &Fﬁéﬁﬁﬁnﬁﬂtﬁﬁl%¢ﬁﬂﬂﬁlFP#@&P&QS bi t st ream
the_content of_the PGC informatiqn entrlgélc PBI (cell _playback

i nfdr nat | GTHABEBSH FﬁPFPQuCIGW‘aPIG PRESHRAS Y dhs p%%%u’l‘{ﬁ/dl tP8Enatilon shown

in Fig. 20, h eper ted mul ti.nmedi a b|t t ste 402 .a

val ue " OOtPl‘f’éa%vr\??]? ﬁ &t A8 f6188lvledbla5cﬂ< %%% gc°18 anZ’ gﬂé—‘ cel |

pl ayback rate (CBR) coding at the maximum bit rate, the interleave

unit data volume is maximized, the time that can be
reproduced from the data volume that can be placed at the

10 jumpable distance is shortened, and the interleave
conditions are stringent.

Note that it is assumed below that each VOB is
encoded with constant bit rate (CBR) coding at the maximum
bit rate.

15 It is assumed in the following description of the
reproduction apparatus that the distance the optical pickup
can jump within disk jump time JT expressed as a data
gquantity is jumpable distance JM, and the input data bit
rate to the track buffer of the reproduction apparatus is

20 BIT.

In terms of an actual reproduction apparatus, the
disk jump time JT is 400 msec, the jumpable distance JM is
250 Mbit in this jump time JT. The maximum bit rate B of
the VOB in the MPEG system is defined as 8.8 Mbps

25 considering that an average 6 Mbps is required to obtain



information blocks C PBI #i containing the VOB control information for each
scene based on the nulti-angle flag VOB Fm state, which i t

indicate that nulti-angle control is not enabled in the nfﬂ @?V%ﬁgﬂg@g
period. At step #2404 the seanl ess 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 -precedi ng VOB seanl ess connecti on
20 flag VOH Fsb state, which is set to 1 to indicate a seam ess connecti on.
At step #2406 the STC resetting flag STCDF is set to 1 in the cell playback
information blocks C PBI #i containing the VOB control information for each
scene based 14 Novenber 2002 - 199 on the preceding VOB seani ess
connection flag VOB Fsbh state, which is set to 1 to indicate a seanl ess
connection. ¢ t gﬁg%' r allkogat. F«&H 9. 16) is
set to 1 inlﬁégécgpﬁﬁgﬁggba %{#grﬁgﬁygﬂtSBtl%c%ggg%aﬁﬁéﬂd%xﬁléﬂning t he
VOB controlréaggaqﬁELon for each scene based on the nulti-angle seanl ess
switching flag VOB FsV state, which is set to 1 to indicate interleaving is
required. At step #24bkGddemayhgaiinpapaek di¥tpewd inn, Hmpfoimatien (the
rel ative sector nunber fromthe VOB start) is detected fromthe title

edi ti ng unidnd\V@Braobtatdn&drfersorfirdme &Gisk pntkactdeye®o@alkies 2 .thEhe
navigation pack NV is then detected based on the nunber of interleaved VOB .
di vi 8i ons |smaDl¥stainbemderyedardietsizebibViddand thepsialaedt4 in Fig.
55, to obtajn the VOBU position information (nunber of sectors fromthe VOB
start), andi@Fe¥dea¥gcRnVEBPrRsENTRE ek inedIhVIHEr ase icalenladed units
in VOBU units. At steg #24ii the_iq{erleave unjts obtained,in 20 step #2410
are then i nt¥rfeavedtSFEPadisst ¢S SN R Yoy ePTRFEE A& OB FdRged i n

o 57 or S OGSt RaEPneBE RS SeOLIA e Whaba FO%: RESVBALERE VRS

(VISTT VOBYhterieaved unit size ILVUM can be obtained from eguation 4

10 below.
ILVUMT > JT + ILVUM/BIT [3]
IJILVUMT x B = ILVUM [4)]

From eguation 3 the smallest interleave unit

presentation time ILVUMT is determined to be 2 sec., and

15 the smallest GOP block data GM is 17.6 Mbit. Thus, if the
smallest interleave unit, which is the smallest unit of the
data layout, is a 2-sec. equivalent data quantity and each
GOP comprises 15 frames (NTSC format), then the smallest
interleave unit is egquivalent to the data stored in four

20 GOP.

As also stated above, one interleaving condition
is that the interleave distance be less than or egual to
the jumpable distance. This means that except for the VOB
with the shortest presentation time, the total presentation

25 time of plural VOB to which interleaving is applied must be



14 Novenber 2002 -200 At step #2414 the rel ative sector nunber fromthe
VOBU start is witten to the VOB end pack address VOBU Lg. 20),~Q the
navi gati on pack NV of each VOHU based on the VOBU posit FOAH{ ﬁﬂ?%??ﬂtzlohg
obtained in step #2186. 5 At step #2416 the first cell VOBU start address C
FVOBU SA and the last cell VOBU start address C LVOHU SA expressed as the
nunber of sectors fromthe begi nning9f. the VIS title VOBS (VISTT VOBS) are
witten as the ' addresses of the navigation packs NV of the first and | ast
10 VOBU in each cell based on the VIS title VOBS (VISTT VOBS) data obtained
in step #2412. At step #2418 the rel ative sector nunber to the |ast
Interleave unit pack is witten to the ILWend pack address YLVU EA in the
navi gati on pack NV of the VOBU 15 formng the interleaved units based on

the InLer! eNEdolnib e A P e LOm Al B 1Z8IZu Mo ER IR e

relati ve sec in the 1nterl eave

Is wittens - art e | kMU 2A [ tion 20
infornatio%ﬁg?ggﬁggﬁégggﬁ%ﬁfﬁ}ltﬂgdﬁ%vfga?ggnkgacksﬁﬁé f%?ﬁg&%CBU

cont ai ned fgm@mfaaglbnaaglta@t@ Iniis 1388 Mbist 8AaH#RA22 nfahid rud &/deeayiad unit
flag ILVUTlag is set to 1 in the navigation packs NV of the VOBU cont ai ned

in the i nteateavedsusi MbblsyUthe IimdviEnDeth2802an2Bk Alepsliodmcedt 24 tH he
Unit END flag of the navigation pack NV in the last VOBU of the interleaved
uni 6 the data gquantity read within the jumpable distance JM is
28.4 sec. It is then possible to calculate an
interleavable conditions eguation using these values. If
each VOB in the interleaved block region is divided into
the same number of interleaved block and this number of
10 interleaved divisions is v, eguation 5 can be obtained from
the conditions of the smallest interleave unit length.
(presentation time of shortest VOB)/ILVUMT < v [5)
Equation 6 can then also be obtained from the jumpable
presentation time conditions.
15 v £ (presentation time of all VOB except shortest
VOB) /JMT [6]

Plural VOB can in principle be interleaved if the
above conditions are fulfilled. 1In practical terms, VOBU
compensation to the value calculated according to the above

20 equations is necessary because the interleave units are
limited to the VOBU boundaries. To compensate equations 2,
3, and 4, it is necessary to add the maximum VOBU time (1.
0 sec.) to the smallest interleave unit presentation time

ILVUMT, and reduce the presentation time in the interleave

25 distance JMT by the maximum VOBU time.



ILVU is set to 1. At step #2426 "FFFFFFFFh" is witten to the 5 next -1 LVU
start address NT_|ILW SA of the navigation pack NV of the §$E btﬁﬁ 5ast
interleaved unit |1LVU of each VOB. The operation describe 88?8 0
formats the interl eaved bl ocks to enable parental |ock control in the 10
mul ti-scene periods, and formats the control information in the cells,
i.e., the cell playback control infeymmtion for the nmufti-scene peri ods.
The single scene subroutine executed as step #2314~~in Fig. 56 when steps
#2312 or #2316 return NO, i.e. 15, when the scene is determined to be a
single scene and not a nufti-scene period, -is described next using Fig. 60.
The single scene subroutine described below wites the interleave unit
arrangenment of the nultinedia bitstream the content of the PGC information

entries C PBl 20 #II£C?L| | ayl @%fﬂ§&ﬂ§ggéo%% f?gg?%ggvedgs &n%%% t he

navi gation pack NV thf Srmati on s In € gener

| t di t I “ayl t |1
Bllockr j 528 %ﬁ@%eﬁe?%eﬁ%ﬁ%%%}e‘aééﬁ“‘& L e S A A
witten t@ahhe1e8lind! ek GBHEiEBMhs ForNavRidiare ANy -t ¥O2v0k FE8endl) Of

the cell playback information blocks C PBI #i containing the VOB control

i nf or mat | parbee eadosenNe bBsed Aackbeary tto SerireddagcMOB L6t abe,
which is set to O to indicate that the scene is a single scene and not part
of Sa 5 nuiinitesdererepernitl. d ivisieps#243 ish@eamse rilreanests g ot i on | ag

| AF (Fig. 16) is set to O in the cell playback information blocks C PBI #i
cont ai ni ngengdhVeE ddve retenaf fermingnther shortest VOB by moving the

scene therebefore or after. It is also necessary to add
the same scene added to the shortest scene to the other
scenes. In general, the interleave distance is
10 significantly greater than the shortest interleave unit,
and the rate of increase in the value on the left side of
equation 4 is greater than the increase in the value on the
right side of equation 6. As a result, increasing the size
of the shifted (moved) scene can result in satisfying the
15 above conditions.
The track buffer input transfer rate Vr and
output transfer rate Vo must be in the relationship Vr > Vo
as described above for the data in the interleaved blocks.
The optical pickup may also jump immediately after entering
20 an interleaved block region from a contiguous block region,
in which case it is also necessary to'store the data from
immediately before the interleaved block region. This
makes it necessary to suppress the bit rate of part of the

data in the VOB immediately before the interleaved block

25 region.



each scene based on the nmulti-angle seanless switching flag 10 VOB FsV
state, which is set to O to indicate interleaving is not P§QUirq§'@@@ step
#2434 the navigation pack NV position information (the re PYRINEE ?
nunber fromthe VOB start) is detected fromthe title editing unit (VOB)
obtained from 15 the system encoder 900 (Fig. 25), placed in the VOBU unit,
and added to the VIS title VOBS (VT%I VOBS), the video and other stream
data of the nmultinmedia bitstream At“step #2436 the relative sector nunber
fromthe VOBU start is witten to the VOB end pack address VOBU EA 20 (Fig.
20) in the navigation pack NV of each VOBU based on the VOBU position
informati on 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 nunber of sectors fromthe be%%gning,of 25,and the end of,
respectively, the VIEFtis|alsepBossiklRofdfetMPtionl PLAFIPTMREBS) of

e val e el o o e Bt sses.of Lo e g3 on pacle Ao Lhe s
ohtal e h SRttt BRIt e s sl ©
comect! on LRGSR SeLe e IchDILEAL SRS ABSE Sy eIREELOD Lo | fe
DL SeH  JQCEDICLLD Shel T Mook hafdtgtorte waians slaback [ 120

cont ai ni ng; Lhe aYER a9 teH ok dIf i &ed hedr i eaveachlserne dagrd tradke
precedi ng VOB seamnl eSs connection 15 flag VOB Fsbh state, which is set to 1

t o i ndi cat uareean e aangst i for fipstreps#fg4thehaaXiGuredeit i rgtél ag
STCDF is set to 1 in the cell playback information blocks C PBl #i
cont ai ni ngit ke ,VE@Rec @ntawoit i tifeormexiowmf bitenshesdensuppnassed onis hthe

precedi ng VOB seanl ess connection flag VOB-Fsb state, which is set to 1. If
step #2440presentation itime ehekke|shopteatsénfredeayenidtitoRECRhe

recedi ng scene, the procedure nobves to step #2446.
P 10 g can be calé&lated from the maxgm m bit rate of the

interleaved block reproduced after the contiguous block.
Note that while the above operation has assumed
that all VOB are divided into the same number of interleave
units, it is also possible to group the VOB into a group of
15 VOB containing u divisions (interleave units) and a group
of VOB containing u+l divisions when there is a significant
difference in VOB length.
This can be accomplished by defining the minimum
number of divisions in each VOB obtained from equation 5 as
20 u and using this value u for all VOB from which a greater
number of interleave units cannot be obtained, and using
the number of interleave units obtained from equation 4 up
to (u + 1) for larger VOB. This is illustrated in Fig. 41.
The data structure of the interleaved unit ILVU

25 in another embodiment of the invention is shown in Fig. 42.



14 Novenber 2002 - 204 At step #2446 the seamnl ess playback flag SPF (Fig.

16) is set to O in the cell playback information bl ocks C, PBL #i
14806

%nggégining

the VOB control information for each scene based on the p

seanl ess connection 5 flag VOB Fsb state, which is set to 0 to indicate a
non- seam ess connection. At step #2448 the STC resetting flag STCDF is set
to O in the cell playback informatd 926 bl ocks C PBlI #i containing the VOB
control information for each scene based 10 on the precedi ng VOB seamnl ess
connection flag VOB Fsb state, which is set to 0. The operation described
above thus formats a nmultinedia bitstreamfor a single scene period, and
records the control information in the cells, i.e., the cell 15 playback
control information (C PBI #i, Fig. 16), and the information in the

navi gat i onrpagki dVstFagtuz@) tHed Haiel gy orkis ega OYDNTULkisBdira ittty eam
Decoder flow charts Di sk-to-streambuffer transfer flow 20 The decodi ng

i nf or mat | afefarbdecdr bUFed . by ot He dacamBdigatyshenbegihhdhe o223 ased on
the scenario selection data St51 is described belowreferring to Figs. 62
and 63. Theidiss odbiget nbndkaViodw,t @ride tomplasesfton daeodiavd gatdicem t abl e

shown in Fig. 62, and the decoding 25 table shown in Fig. 63.

14 Novenber

2002 - 20%ack Nhown immedgately tled ok ddingnsystravigbitdonopprcksdd a

sc%gario information register and a cell infornmation register.
i nf

The scenari o

rmati dif ARfsred as one video object unit VOBU. The video object

unit VOBU boundaries determine the boundaries of the

interleaved unit ILVU, each of which is longer than the

length of the shortest interleaved unit, which is obtained

from the decoder performance, bit rate, and other

10 considerations using equations 5 and 6.

Each of the component video object units VOBU

contains a navigation pack NV (management information

pack), each navigation pack NV containing an ILVU end pack

address ILVU_EA indicating the address of the last pack in

15 the ILVU to which the VOBU belongs, and the next-ILVU start

address NT_ILVU_SA. The position to which the start

address NT ILVU SA points is the address of the first pack

(NV) in the next interleaved unit ILVU to be reproduced,

while the ILVU end pack address ILVU_EA points to the end

20 position of the interleaved unit ILVU containing the end

pack address ILVU_EA. Note that as previously described

these addresses are expressed as the number of sectors from

the navigation pack NV containing the address information.

When a video object unit VOBU is in an

25 interleaved block region, the next-ILVU start address



records the title nunber and other scenario reproduction 5 infornation

sel ected by the user and extracted fromthe scenario sele ﬁg 8 5.
The cell information register extracts and records the infornation reqU|red
to reproduce the cells constituting the program chain PGC based on the
user-defined scenario information extracted 10 into the scenario
information register. Mre speC|f|caII _the scenario information register
contains plural sub-registers, i.e., e angl e nunber ANGLE NO reg, VTS
nunber VTS NO reg, PGC nunber VTS PGCI NO reg, audio ID AUDI O ID reg,
sub-picture ID 15 SP ID reg, and the systemclock reference SCR buffer SCR
buffer. The angle nunber ANGLE NO reg stores which angle is reproduced when
there are nultiple angles in the reproduction programchain PGC. 20 The VTS

the pl ural “%.ﬁﬁv{m%féﬁék% SredpaRen gt HEvagd b P HEES st ch of
the plural qgifg}%gaég% gg rggeghé X YVigeosditLes fégmh?%gnber 2002

-206 set VT§ parental | ock control
app'lcatlon {ﬁ% OIE)ADEAW Qoh@a&%angeo&féisam&goinfaf.mslcysﬁ' audi o
are

streans in t e reproduced. 5 The sub-picture ID SP-1D reg

records which Of the ptural tHeheFicie!fosd 1KPeTat et Orbadingr edeced rafen
there are plural sub-picture streans in the VIS. The system cl ock reference

SCR bsif f er SR hydfbonipathenbutiben fiar thenportarleawtdranit t hBVSysdem
ot ock obtain the location of the next interleaved unit ILVU to be
reproduced, and to what disk position the current

interleaved unit ILVU is written. This makes it possible

to only read the interleaved units ILVU, and to smoothly
10 jump to the next interleaved unit ILVU.

Multi-scene control

The multi-scene period is described together with
the concept of multi-scene control dccording 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

20 ' periods.
Parental control

The concept of recording plural titles comprising

alternative scenes for such functions as parental lock

control and recording director’s cuts is described below

25 using Fig. 43.



10 reference SCR recorded to the pack header as shown in Fig. 19. As
described using Fig. 26, this tenporarily stored systemc I e SCR
is output to the decoding systemcontroller 2300 as the bpf@ f%§%§g§§?rol
data St63. The cell information register contains the 15 foll ow ng
sub-registers: the cell block node CBMreg, cell block type CBT reg,

seanl ess reproduction flag SPF reg, jogterl eaved allocation flag | AF reg,
STC resetting flag STCDF, seanl ess angl e change flag SACF reg, first cel
VOBU start address C FVOBU SA reg, and |ast cell VOBU start 20 address C
LVOBU SA reg. The cell block node CBM-reg stores a val ue 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

25 one functional block a F v r 14 Novenber
2002 - 207 CBNﬂreg'@gJﬁéég l%h%¥$ﬁrgﬁﬁbeI£%€%€H§g%?%cé?§EaEELL is stored

as the CBNbE:%Qi\ﬁ%:dée r tﬂwrldlzﬁ@alc%l:ki Bohte Al Q&K .sxdih BLOGK &5 ghored as

the CBMreg of value all'cells between the first and last cellS in the

bl ock. 5 ThBegelsb-aadled yYRe B &egnstor esntavialivry dadt Nivdol&eckyperof
the bl ock indicated by the cell block node CBMreg. If the cell block is a

mul ti - angl ethegclscefeld @aénad stosefitablendbyr NhBIATZEH sarsd adedtaihed
seanl ess reproduction flag SPF reg stores a 10 val ue defini ng whet her that
cel B is seanl estitdendapdeementhindieparéhtal deck licodkralepridtriceiitle
therebefore. If a seanl ess connection is specified, SM. is stored; if a
seam ess cehneam a5 reaesdeshedith edl, cNERLNRE iohoodd comtmen mystemved

allocation flag | AF reg stores a 15 val ue identifyig&érhether t he cel
exi sts in StEBAPSgESAs SSHMtEd e38d PP oRRULEFOFRENEEd SYSHRR tStHFeaman

SSc containing the adult scenes, and a child-oriented
system stream SSA containing only the scenes suitable for

10 children. Title streams such as this are recorded as a
multi-scene system stream containing the adult-oriented
system stream Ssc and the child-oriented system stream Ssd
arrayed to the multi-scene period between common system
streams Ssb and Sse.

15 The relationship between each of the component
titles and the system stream recorded to the program chain
PGC of a title stream thus comprised is described below.

The adult-oriented title program chain PGC1

comprises in sequence the common system streams Ssa and

20 Ssb, the adult-oriented system stream Ssc, and the common
system stream Sse. The child-oriented title program chain
PGC2 comprises in sequence the common system streams Ssa
and Ssb, the child-oriented system stream Ssd, and the

common system stream Sse.



interleaved block, ILVB is stored; otherwise NILVB is stored. The STC
resetting flag STCDF defines whether the 20 systemtine Q{ K/STC ?@ﬁ? for
synchroni zati on nust be reset when the cell is reproduced, §W“$E i ng
the systemtinme clock STC is necessary, STC RESET is stored; if resetting
is not necessary, STC NRESET is stored. The seam ess angl e change flag SACF
reg stores a 25 value indicating whegyher a cell in a nmilti-angle period

14 Novenber 2002 - 208 should be connected seam essly at an angl e change.
If the angle change is seanl ess, the seanl ess angle change flag SACF is set
to SM.; otherwise it is set to NSM.. The first cell VOBU start address
CrFVOBU SA reg 5 stores the VOBU start address of the first cell in a

bl ock. The value of this address is expressed as the distance fromthe

| ogi t f the_ fifpst LL_in_the, VTS {4t V. 1T
rrgg!sﬁrzgcbgragd ex;e)l?%lséé s?%FS?ggfgaght 3\ érlljulr#)%rrlo é%ée%:qg %FX%@Fhrgesﬁmast

Il VOBU st _ S Y/ t d f th
Cast ool | SH7 S DA TR Lo G P eER, & aareasd & o S0 h5r ocenas the

di stance e dHifeS68i0g REthBe birewhcuhly iqbddie pa$ Lakl e VOBS
(VTSTT W §%q%§gsd?§% by andggxpressedﬁ(stéfed)yi5 as the nunber of

sectors. Thae dened rthd able1shewntainfhg. aBalits odasaiidiecchetont Bg shown
in Fig. 63, 'the decoding table conprises the follow ng registers:

i nfor mat i gepregiwiiors iy camerasyssemnekrieaasglSsacand dsbj nflvenat i on
registers for 20 seanml ess nmulti-angle control, a VOBU information register,
and i nf or metliegrt imggisgt®nepordeeing etBer agnddvorient ethesysifen natream

regi sters for non-seam ess nulti-angle control conprise sub-registers NSM
AGL Cl DSBA®egnd NSMn AGPTEAWSIAG r Bge CONmORo$¥FHam Ffgpean ABM. AGL
Cl1-DSTA reg - NSML AGL C9 DSTA reg record._the NVMSL AGL Cl DSTA - _NVSL AGL
C9 DSTA vang&suctacthpding ARet EsPohrn ﬁdFFQF'iléoP’-’ﬂ‘Fﬁ%fWi%%CL

rengterSng%l %¥g£¥¥%ely following the child-oriented title program

10 chain PGC2 and selecting the child-oriented system stream
Ssd in the multi-scene period, a child-oriented title from
which the adult-oriented scenes have been expurgated can be
reproduced.

This method of providing in the title stream a

15 multi-scene period containing plural alternative scenes,
selecting which of the scenes in the multi-scene period are
to be reproduced before playback begins, and generating
plural titles containing essentially the same title content
but different scenes in part, is called parental lock

20 control.

Note that parental lock control is so named
because of the perceived need to protect children from
undesirable content. From the perspective of system stream
processing, however, parental lock control is a technology

25 for statically generating different title streams by means



5 multi-angle control conprise sub-registers SM. AGL C1_DSTA reg - SM. AGL
CO DSTA reg. SM. AGL C1 DSTA reg - SM. AG. C9 DSTA reg reﬁfmcjé: e g AGL
Cl DSTA - SML AGL C9 DSTA values in the DSI packet shown in g ®6°°40 The
VOBU i nformation register stores the end pack address VOBU EA in the DS
packet shown in Fig. 20. The information registers for seanl ess
reproducti on conprise the follomﬁng_§§iﬁregisters: an interleaved unit flag
ILVU flag reg, Unit END flag 15 UNIT'END flag reg, Interleaved Unit End
Address I LVU EA reg, Next Interleaved Unit Start Address NT_ILVU SA reg,
the presentation start time of the first video frane in the VOB (Initial

Vi deo Franme Presentation Start Tinme) VOB V SPTMreg, the presentation end
time of 20 the last video frame in the VOB (Final Video Frame Presentation
Term nation Tinme) VOB V EPTM reg,, audi o reproducti on stopping tine 1 VOB

A _STP PTML Yegth@udBTr BprsRickS Intid o?iiﬁ‘ﬁgf {FnECengeRIATTE PTMVR- 1 g,

di duct i t i i 1 Vi GAP LEN1 .. and 25 audi
oot oduct| St brarehehBrRd s | dte GETERRE [ chPAt THiR FEREEATG0S - 210
The interl d unit.f LYY f] . . yal i ndi_ catj whet h
The Woco SELMTLE: Chagae Wl datel 0GRt hostoh e LBl Bl
it is, d ' ; ' T, | h
vl ue' | nd Spridmitalipotnang iy oHd Mt inE LA oL BE1R0 LY Hethe 1

integleaved inife | hybl BBERETA NS dHA | BAVRONEI hultYUskenkhgeddica unit
for continuous reading, the UNNT_END-flag reg stores END if the VOBU 10

currently Heidwly eatdi $nt beallasti MéOBlUr ing hei t 1¢ el #pwadxunit 1 LVU, and

ot herwi se stores N END. The Interl eaved Unit End Address |ILVU EA reg stares
t he address of the | @btisppairantalhelddl/Eontnbl chechroVEBY Ialimordsd fbd he
VOBU is in an interleaved block. 15 This address is expressed as the nunber
of sect or s Usesintheemalol gatisAepstkaam ¢dithiaty \iaoBth as when maKing the

director’s cut. The director’s cut refers to the process
10 of editing certain scenes from a movie to, for example,
shorten the total presentation time. This may be
necessary, for example, to edit a feature-length movie for
viewing on an airplane where the presentation time is too
long for viewing within the flight time or certain content
15 may not be acceptable. The movie director thus determines
which scenes may be cut to shorten the movie. The title
can then be recorded with both a full-length, unedited
system stream and an edited system stream in which the
edited scenes are recorded to multi-scene periods. At the
20 transition from one system stream to another system stream
in such applications, parental lock control must be able to
maintain smooth playback image output. More specifically,
seamless data reproduction whereby a data underflow state
does not occur in the audio, video, or other buffers, and

25 seamless information reproduction whereby no unnatural



The Next Interleaved Unit Start Address NT_ILVU-SA reg stores the start
address of the next interleaved unit ILVUif the VOBU |s+4qgan |nt§b®§?ved
20 bl ock. This address is al so expressed as the nunber of %¥6ﬂ§? t he
navi gati on pack NV of that VOBU. The Initial Video Franme Presentation Start
Time register VOB V._.SPTMreg stores the tinme at which presentation of the
first video frame in the VOB startsj3; .14 Novenber 2002 - 211 The Final

Vi deo Frame Presentation Termination Tine register VOB V_EPTMreg stores
the tine at which presentation of the last video frane in the VOB ends. The
audi o reproduction stopping tine 1 5 VOB A STP PTML reg stores the tinme at
which the audio is to be paused to enabl e resynchroni zati on, and the audio
reproduction stopping period 1 VOB A GAP LENL reg stores the length of this

pause peri r ng§ n 0PPLE i 0\ TP PT. - €9
and audi o ? 5?5 u€ t%:i%h%sta%g%l ng Ip% O%ZQ%SAE’C&%% rdgé‘?”%t % et Lanme
val ues. Th p 0 th%:D ggg.according to the present

i nvention §Egsﬁ%a%b|%13&g. tf?%%%§§%€?%% ext below with reference to the

flow chartyhPekL8ng98. cbptMonstep #310202 it is first determ ned whether a
di sk has been 1nserted. It has, the procedure noves to step #310204. At

step #310204, the vah#edrdepstofichuleivVRiglei gcerl) dontread,iranthd he
procedure noves to step #310206. 20 At step #31D206, the video manager VMG
(Fi§. 21) psesentl ansentidon deo deddrilved MISttwibbh refecdnced tios Fig.
extracted. The procedure then noves to step #310208. At step #310208, the
video titl44setIneganaddlessultimedia titles are obtained by
recording both the audio and video information
(collectively "recording" below) of the subject over time
T. The angled scene blocks #SCl, #SM1, #SM2, #SM3, and
10 #SC3 represent the multimedia scenes obtained at recording
unit times T1, T2, and T3 by recording the subject at
respective camera angles. Scenes #SM1l, #SM2, and #SM3 are
recorded at mutually different (first, second, and third)
camera angles during recording unit time T2, and are
15 referenced below as the first, second, and third angled
scenes.

Note that the multi-scene periods referenced
herein are basically assumed to comprise scenes recorded
from different angles. The scenes may, however, be

20 recorded from the same angle but at different times, or
they may be computer graphics data. The multi-angle scene
periods are thus the multi-scene periods from which plural
scenes can be selected for presentation in the same time

period, whether or not the scenes are actually recorded at

25 different camera angles.



information VISM C ADT is extracted fromthe VIS 25 informati on VTSI, and

the procedure noves to step #310210. 14 Novenber 2002 -
#310210 the video title set nenu VISM VOBS is read from th@é\@g@ﬂg}@@%’ on

the video title set nmenu address information VISM C ADT, and the title
selection nenu is presented. 5 The user is thus able to select the desired
title fromthis menu in step #310212y34f the titles include both contiguous
titles with no user-selectable content, and titles containing audio
nunbers, sub-picture nunbers, or nulti-angle scene content, the user nust

al so enter the 10 desired angle nunber. Once the user selection is

conpl eted, the procedure noves to step #3l10214. At step #310214, the VTS
PGCI #i program chain (PGC) data bl ock corresponding to the title nunber

sel ected by the user 'cseneeg \r}gs'cséfgarg gigéégiaﬁgggg“w rer(r__t% idoerz,3 t%{"&ew VTS

PGCI T, and the proceduré 1o eproduct1on o hée program

hai n PGC t beg hah+PES duGld
chal n d%‘f:p%eégiédcﬂgaat—:a%%% A3 gisux‘/il'lfé‘ Pé@&f&{@xg 8h i +PEEmeePraduGld on

is finishe i Nng process en a separate title 1s thereafter

to be reprogiiced gs, dgbebFenahdbla i tid el 205 keNgeat E¥ehast he geapari o
selector, the title nenu is presented again (step #%10210). Program chain

reproduct i aféme st 8pe#848288 cakova liledlesssnhet amgiarsbenedetrai Noeel ow

referring to Fig. 64. The program chain PGC reproduction routine consists

of 2% stepxtH3d03fe 881682, miltlple armchat3l (84 kss shoad. in the
multi-angle scenes is usually the same as the common camera
angle.

To understand the relationship between these
various angled scenes, multi-angle scene control is

10 described below using a live broadcast of a baseball game
for example only.

The common angle scenes #SCl and #SC3 are
recorded at the common camera angle, which is here defined
as the view from center field on the axis through the

15 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 on the axis through the catcher, pitcher, and
batter. The second angled scene #SM2 ié recorded at the

20 second multi-camera angle, i.e., the view from center field
on the axis through the pitcher, batter, and catcher. Note
that the second angled scene #SM2 is thus the same as the
common camera angle in this example. It therefore follows
that the second angled scene #SM2 is the same as the common

25 angle scene #SC2 recorded during recording unit time T2.



14 Novenber 2002 -213 At step #31030 the decodi ng systemtable shown in

Fig. 62 is defined. The angl e nunber ANGLE NO reg, VIS nugp r VIS Qﬁ@éeg,
PGC nunber VTS PGCI NOreg, audio ID AUDIO-ID reg, and su -EPE?’[}*P% SP ID
reg are set 5 according to the selections nade by the user using the
scenari o selector 2100. Once the PGC to be reproduced is determ ned, the

corresponding cell information (PGC jpformation entries C PBl #)) is
extracted and the cell infornation'rtgﬁéter is 10 defined. The
sub-registers therein that are defined are the cell bl ock node CBM reg,

cell block type CBT reg, seam ess reproduction, flag SPF reg, interleaved
allocation flag | AF reg, STC resetting flag STCDF, seanl ess angl e change
flag SACF reg, first cell VOBU start address 15 C FVOBU SA reg, and | ast
cell VOBU start address C LVOBU-SA reg. Once the decoding systemtable is
defined, tAQerdeed arghedeFFRRG d8MB 365 tFRCe¥dednrbuther thédeeh #31032)
and the process, decoding the data in the stream 20 buffer (step #31034) are
activated Mtifrzf3Rera TRBRIpRPocdsE tr ING FITRER dARILBOTERE &hEeam buff er

(step #31032) .is the_process of ansfer.ring data fromthe recordi ng nmedi um
Mto the s%ﬁéﬁéﬁﬁﬁf%§éﬁﬁbﬁg ?ﬂi%ﬁFs} Iﬁﬁ%é%we, the processing of reading
the required 25 dat o] rqi ng: i nd. Lpputting the data to
14 Novenber 2002 -2iﬁﬂ%h§}§?§8§%%bﬁﬁ¥gg“%%%pgglg%gdﬁﬁa%ﬁgﬁfhé _eﬁ-selected
titlse infoguRlinn Adh ! hesph ayBAGK papRt roqieflraﬁrmtw&%ﬁggﬁbgghw tAaeks

NV) witten in the stream The routine shown as step # he process
5 for decoding tiHies qadri &4 0 8dch01khe thlel e Pt f8gP409cene period.”
By freely selecting one of the multiple angle scenes #SM1,
#SM2, and #SM3 in this multi-angle scene period, the viewer
is able to change his or her virtual viewing position to
10 " enjoy a different view of the game as though the actual
camera angle is changed. Note that while there appears to
be a time gap between common angle scenes #SCl1 and #SC3 and
-fhe multiple angle scenes #SM1l, #SM2, and #SM3 in Fig. 44,
this is simply to facilitate the 'use of arrows in the
15 figure for easier description of the data reproduction
paths reproduced by selecting different angled scenes.
There is no actual time gap during playback.
Multi-angle scene control of the system stream
based on the present invention is described next with
20 reference to Fig. 23 from the perspective of connecting
data blocks. The multimedia data corresponding to common
angle scene #SC is referenced as common angle data BA, and
the common angle data BA in recording unit times Tl and T3
are referenced as BAl and BA3, respectively. The

25 multimedia data corresponding to the multiple angle scenes



(Fig. 26), and outputting the decoded data to the video data out put
termnal 3600 and audi o data output term nal 3700. Thus, is%é%r 9665 for
decodi ng and reproducing the data stored to the strean1bJﬁT 0: Not e
that step #31032 and step #31 034 are executed in parallel. The processing
unit of step #31032 is the cell, and as processing one cell is conpleted,
it is determned in step #31035 mheéggr the conpl ete program chain PGC has
15 been processed. |f processing th 6npl ete program chain PGC is not
conpl eted, the decoding systemtable is defined for the next cell in step
#31030. This loop fromstep #31030 t hrough step #31035 is repeated until
the entire programchain PGC is processed. 20 The stream buffer data
transfer process of step #31032 is described in further detail bel ow
referring to Fig. 70. The stream buffer data transfer process (step #31032)
conpri ses #EM¥ps #SYB40amgBHEMB A ouefergno’d, agnd Fstossestravh iand he
figure. 14 Novenber 2002 - 215 At step #31040 it is _determ ned whether
the cell iEhb:ﬁuPPEl&n§F€n@éﬂ§tqfM&&M,Mg%e BREckddre ASvES vV ASdY #301 44.

At step #31044 the _non-pulti-angle cell_decoding 5 process is_ executed.
However , i@e§FEbb§§OY&5g$§ﬁ$ﬁﬁ§ techtde ?ﬁe EEPNeFs TZoMuMhe angl e cel |,

t he procedyre. noves_t tep #30I 42 e h anl.ess _angl ange fl a
ShGE | o ovaPRATEN B basR B R A dob Fe TERELBRC ofRORE BRI 107
speei fi ed. NGl g r : { 0N JrHs S f 8, t ani.e
nﬁl?i-angl%ﬁggégg?Lgﬁ %%cgggaigggggggF%g'i¢?§fE§H33g§§6. ?ﬁeggag%eggsghgle

reproductigy £§maoga§ps§itme%% thite dinSreadh@se authi pAROkagdeaadang
process i s execute 5 in step #30148. The non-mnulti-angle cell decoding

process (stig® #31048leFafigléOhaita desiard hext f umAber ahal mwswith reference to
Fig. 71. Note that the non-nmulti-angle cell decoding process (step #31044)
conpri ses the stepsIA3ths) carFEH R, a2(MREE #34084 stream, however,
intermittent breaks in the playback information can result
10 between the reproduced common and multiple angle data units
depending upon the content of the data at the connection
between the selected multiple angle data unit MA1l, MA2, and
MA3 and the common angle data BA (either the first common
angle data BAl before the angle selected in the multi-angle
15 scene period or the common angle data BA3 following the
angle selected in the multi-angle scene period). The
result in this case is that the title stream is not
naturally reproduced as a single contiguous title, i.e.,
seamless data reproduction is achieved but non-seamless
20 information reproduction results.
The multi-angle selection process whereby one of
plural scenes is selectively reproduced from the

multi-angle scene period with seamless information

presentation to the scenes before and after is described



The first step #31050 eval uates the interl eaved aIIocation flag IAF reg to
determ ne whether the cell is in an interleaved bl ock.

non-nul ti-angle interl eaved bl ock process is executed in s‘lllg e#r%tﬁs@m
Novenber 2002 -216 The non-nulti-angle interleaved bl ock process (step
#31052) processes scene branchi ng and connection where seanl ess connecti ons
are specified in, for exanple, a nuh% -scene period. 5 However, if the cel
is not in an interleaved block, the hon-nulti-angle contiguous bl ock
process is executed in step #31054. Note that the step #31054 process is

t he process executed when there is no scene branching or connection. 10 The
non-mul ti-angle interl eaved bl ock process (step #31052, Fig. 71) is
described further belowwith reference to Fig. 72. At step #31060 the
readi ng head, 2006,is unped to the, f|r§§ cell .VOBU start_address C FVOBU SA
read from?%"‘iSwEtPVéBB Sﬁartéd’rfe’g‘?s?e igjpre ¥pderr Adak ¢y strd 3ddnss
data C _FW U Aggeg stored in the decoding systemcontroller 2300 (Fig. 26)
is input it rean1reproduction control signal St53 to the reproductlon

controller 2002 The, qgggt o] | er; 2002
recordi ng nedia drlve uﬁﬁﬁﬁé a%%gggg%% %foce%Sdr %g%% Q%ﬁ%%
readi ng heaga %@%ﬁti ;uahs ARCIdHEed B e98a1 dakay Saﬁgsﬂ%ﬁerﬁawg@ cct i on

code ECC S|gna proceSS|ng is acconplishe e signa

progessor B8 bBeogel hredrcathtiti ofORE deé pBeOBEPHY asmhba aﬁgu@duced
bitstream St 61 14 Novenber 2002 - 217 to the stream buffer 2400. The

procedur e ddte) BRYesst Gonapletédl062Zt Als shefr&nd 06241 beiBSitpagket data in
t he navigation pack NV (Fig. 20) is extracted in the stream5 buffer 2400,
the decodiexpnplee ts dbangedtoard Qi qraxednel aodeta tunstePr231064. The
registers set in the decoding table are the |ILVU-EA reg, NT-I1LVU SA reg,
VOB V SPTMUNY ICEPXOGPTILpag o f/ORINoTT RN Gakp BAB- A-BTESPISR reg, VOB

A GAP LEN1 reg, and
because the multimedia data has a variable length coded

10 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 in the coding
process. The group_of_ pictures GOP processing unit of the

15 MPEG standard contains at least one refresh frame, and
closed processing not referencing frames belonging to
another GOP is possible within this GOP processing unit.

In other words, if the desired angle data, e. g.,

MA3, is selected before reproduction reaches the

20 multi-angle scene period, and at the latest by the time
reproduction of the preceding common angle data BAl is
completed, the angle data selected from within the
multi-angle scene period can be seamlessly reproduced.
However, it is extremely difficult while reproducing one

25 angle to select and seamlessly reproduce another angle



10 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 %SVTJ EAék@g’
i.e., the data for one interleaved unit ILVU, is t ransf er F2NOYYTRH, ream
buf fer 2400. The procedure 15 then noves to step #31066. Mre specifically,
the address data ILVU EA reg stored in the decoding systemcontroller 2300
(Fig. 26) is supplied to the reprodugig on controller 2002. The reproduction
controller 2002 thus controls the recording 20 nedia drive unit 2004 and
signal processor 2008 to read the data to the ILVU EA reg address, and
after error correction code ECC and ot her si-gnal processing is acconplished
by the signal processor 2008, the data for the first ILVUin the cell is
out put as the reproduced bitstream St61 to the 25 stream buffer 2400. It is

h i -218, f j
| nter | oaved i n TG ChabRerfiEed -artd AR s 2 Br 2k, BlEFER Y0
Al #3§9§$f' i ri.ned tsh i I it Sl .
i Lt ZF Fgave o%: u%gv‘gﬁ%]gre%hpga %é'n%rr}g?lﬁséfée’%r?ée({ I?g? Egbi E?iejrgpgg\%é& yuni t

| LW processfsh dst tdeal abrbhY bnghle umittedraavat P ks or LERPIEFFa

indicating termnation is set tothe next-1LWstart address NT_ILW SA reg

as the nextvieadwsiirgsgifféraht camerlacaveddinits in the interl eaved bl ock
have thus been 10 processed, the procedure noves to step #31068. At step

#310%58 the readi ng hthd 286Bods cadgaiwi jamipeyr betwéen asideresahdlesW SA reg
of the next interleave

within a multi-angle scene period is described in further
detail below with reference to Fig. 76, Fig. 77, and Fig.
45 based on the digital video disk data structure described
above.

10 Fig. 76 shows the presentation times of the
smallest angle switching units in each of the multiple
angle data units MAl, MA2, and MA3 shown in Fig. 23.
Within the context of the digital video disk system, the
multiple angle data units MAl, MA2, and MA3 are the title

15 editing units, i.e., the video objects VOB. Each multiple
angle data unit (VOB) comprises plural (three in this
example) interleave units ILVU.as the smallest possible
angle switching unit. Note that each interleaved unit ILVU
thus contains a particular number of GOP. The first angle

20 data MAl thus contains angle switching units A51, A52, and
AS53.

The angle switching units A51, A52, and A53 of

the first angle data MAl have presentation times of 1, 2,

and 3 seconds, respectively, resulting in the first angle

25 data MAl having a total presentation time of 6 sec. The



unit to be reproduced, and the procedure |oops back to step #31062. Note
that this junp is also acconplished as 15 descri bed above nd the . l.Qop
fromstep #31062 to step #31068 is repeated. However, i yt@%"%%@gw
returns YES, i.e., all interleaved unit ILVU in the interleaved bl ock have
been transferred, step #31052 term nates. 20 The non-nulti-angle
interl eaved bl ock process (step #31032). thus transfers the data of one cel
to the stream buffer 2400. The non-multi-angle contiguous bl ock process is
executed in step #31054) Fig. 71, is described further 25 below with
reference to Fig. 73. 14 Novenber 2002 -219 At step #31070 the reading
head 2006 is junped to the first cell VOBU start address C FVOBU SA read
fromthe C FVOBU SA reg register. This junp is al so acconplished as
descri bed Vi e om 1072 to step 5 #31076,.i8S.
initiated. %%% ogde%%%ﬁégﬁ%él %ggggfﬁgat%é) TEF 457 rﬁfwgﬁﬁ‘%ﬁtﬁgc’:?gw
(Fig. 20) i,$ie4 mact edgdn thesskeeayy Pyf + he odi n able is
defined, and the prdbedtrb nmoves tgg%t§p£§%f%§%gtfhe H%gﬁ%?é?g %étgrn t he
| O decodi ngnlall gedcdhd he- EAvE Y8 YnePiMine0 andR V. g, VOB
A STP PTML reg, VOB A STP R reg,ﬂiiV ~A GAP LENL reg. HE Y e
reg. At stepmpzi@és tHdmydatawitominpenhitst cetl,| c¥BUasiprds A €5S
C-FVOBU SA reg to the end pack address

5 presentation times of 3, 1, and 2 seconds, respectively.

It should be noted that while the angle data MA1l, MA2, and
MA3 each has a 6 sec. presentation time, the presentation
time can obviously be set to various other particular
values.

10 The following example describes switching to and
beginning the presentation of another (next) angle view
while reproducing any particular interleave unit. For
example, if the angle is changed from first angle data Mal
to second angle data MA2 while reproducing interleave unit

15 A51, reproduction of interleave unit A51 stops and
reproduction of the second interleave unit B52 in the
selected second angle data MA2 starts. This change
intermits both the audio and video presentation, resulting
in non-seamless information presentation.

20 Likewise, if the user chooses to switch to the
scene corresponding to the third angle data MA3 during
reproduction of the second interleave unit B52 in the
second angle data MA2, reproduction of interleave unit B52
stops and reproduction of interleave unit €53 starts. This

25 operation again intermits both the audio and video



15 VOBU EA reg, i.e., the data for one video object unit VOBU, is
transferred to the stream buffer 2400. The procedure then ves 1o B p

#31 076. The data for one video object unit VOBU contiguoug¥@° ?PQVE@ ?o t he
recordi ng medium M can thus be transferred to the stream buffer 2400. 20 At
step #31076 it is determi ned whether all cell data has been transferred. If
all voBU in the cell has not been yﬁgggferred, the data for the next VOBU
is read continuously, and the process | oops back to step #31070. However,
i.f all VOBU data in the cell has been 25 transferred as determ ned by the
C LVOBU SA reg value in 14 Novenber 2002 - 220 step #31076, the

non-mul ti-angl e conti guous bl ock process (step #31054) term nates. This
process thus transfers the data of one cell to the stream buffer 2400.

Anot her net hod of qgconplishi .the.,5 non-nulti-angle cell decoding process
(step #3103 CSanFAbIGR, o SealPingat BePoR MaAR 1aTBr UHRE TR FPE, 74, Al

step #3108Q_the r i head 2006 is junped to the first cell VOBU start
addr ess ch68%6”§%ﬂgé§g and the first VOBU data in the cell is transferred

to the stream 10 buf e 0 e St #310S1. At
step #31081 the DSII%gé gggggtgﬁiﬁﬂ%héﬁﬂg%ﬁé% |onq%é§§c*£n?F$§Fw§6? i's

extracted p1th18! EANDUHAEL 2400ngt Agtdecagdiigl-alls iscdalined, and the

procedure noves to stép #31082. The registers set 1n the | ecodi ng table

are5the SCRepubbect VB EAKECHEnd1d béliag peaceHNel ENRY |atfrtks | LVU EA
reg, NT-I1LVU-SA reg, VOB V SPTMreg, VOB V EPTMreg, VOB, A STP PTML reg,

VOB A STP PiEBrmag,ioviOB k<@t d1Mn s ei), e apdp¥YeBeAtGAR olntENE tiegit 20 At step
#31082 the data fromthe first cell VOBU start address C FVOBU_SA reg to
t he end pathtednissdngOBbeEAUdGR and.yidae, ddbasf aptowecurdeo object unit
VOBU, is transferred to the stream buffer 2400. The procedure then noves to
step #31083. The method of switching the angle after
completing interleave unit presentation is described below.
10 If the user selects second angle data MA2 during
reproduction of interleave unit A51 in first angle data
MAl, for example, the second interleave unit B52 in the
second angle data MA2 is selected from the point
reproduction of interleave unit A51 wifh a presentation
15 time of 1 sec. is completed. Because the start of
interleave unit B52 is 2 sec. from the beginning of the
multi~angle scene period, there is a gap between the end of
interleave unit A51 reproduction at 1 sec. into the
multi-angle scene period and the beginning of interleave
20 unit B52 at 2 sec. into the multi-angle scene period, and
there is therefore no time-base contiguity in reproduction.
More specifically, because there is no continuity in the
audio, the audio cannot be seamlessly reproduced.

A similar scenario results if the user then

25 switches to the angle scene corresponding to the third



14 Novenber 2002 - 221 At step #31083 is determ ned whether all cell VOBU
data has been transferred. If it has, the process (step 4 ter, at es.
If it has not, the procedure noves to step #31084. 5 At sﬁ£@ ﬁ%T%%&ﬁbg

det ermined whether the VOBU is the last VOBU in the interleaved unit.

not, the process | oops back to step #31081. If so, the procedure advances
to step #31085. It is thus possible 9 .transfer one cell of data in VOBU
units to the stream buffer 2400. 10 The | oop from step #31081 to step
#31084 repeats as descri bed above. At step #31085 it is~determ ned whet her
the interleaved unit ILVUis the last in the interleaved block. If so, step
#31044 termnates. |If not, the procedure 15 advances to step #31086. At
step #31086 the readi ng head 2006 is junped to the address NT |ILW SA reg of
the next inphenleais My mdlwer%esggmohoees %Cks ct%é%gﬁ

is thus possi'ble to transfer the d or one cell to th rream u?fer
2400. The gpak @3> My ttred Nl o EEQ0E 880RB0EAES eCHAR! @ﬁkz' n jstep #30146,
Fig. 70, is described belowreferring to Fig. 75. At step #31OQU t he

readi ng headt2@Q@ave junitedsd 25 shibtéhedt toehlt¥eBYephraduaddesy C FVOBU
SA read fromthe 14 Novenber 2002 - 222 C FVOBU SA-reg register, and the
first VOBUid&exzlieaviehaindd] B> is arwsfgleredt o Thethtiseamskufther 2400. The
procedure then noves to step #31091. This junp is also acconplished as
deseri bed apwpactimam e Indmy feaye stnbt BHB10eprodustépr#3B0A% iss sec.
initiated. At step #31091 the DSI packet data in the navigation pack NV
(Fig. 20) ﬁEOExFP&cpéalpﬁHﬂﬁaQﬁrﬁﬂﬁn%ﬁﬁ?%ﬂaQQEg scpaedpesdiodg thel e i s

defi ned, d the groc%dur% n&@es to step #31092 The registers set in the
10 decodlﬁge?éﬂpé gr 8%t ABHEE t RS AR G HSTREr e§TOBMERRG * COWDSTA

reg, Vo5 RGP PEo Pnd W %%&%—OB ¥ e 202 89258685 the dat a
fromthe féééincﬁhltYQEUbégesEéﬁx gﬂﬂ_ S OEEHFE egntgeQQS LYY end

pack addresS |LVU EA Fansterreg
10 audio and video components of the interleave units B52 and

C53 1s also not good.

It is therefore necessary for the interleave
units of each angle to have the same reproduction time and
contain the same number of video frames in order to achieve

15 seamless information switching between multiple angles.

The internal structure of the interleave units is
shown in further detail in Fig. 77. As shown in Fig. 77,
each of the interleave units ILVUbl, ILVUb2, ILVUcl, and
ILVUc2 contains interleaved audio and video packets,

20 indicated as A and V, respectively.

In general, the data size and presentation time
of each audio packet A is the same. 1In this example,
interleave units ILVUbl, ILVUb2, ILVUcl, and ILVUc2
respectively contain 3, 2, 2, and 3 audio packets.

25 Therefore, angle data MAB and MAC each contain 5 audio



the stream buffer 2400. The procedure then noves to step #31093. It is thus

possible to output the data for one contiguous interleav I n the
recording medium M 20 to the stream buffer 2400. At stepqg§%&b®b%h%&%ﬁGLE

NO reg i s updated, and the procedure noves to step #31094. This update
operation resets the ANGLE-NO reg to the angl e nunber of the angle sel ected
by the user when the user changes t-hpigahgl e using 25 the scenario sel ector
2100 (Fig. 26). 14 Novenber 2002 - 223 At step #31094 it is determ ned
whet her the angle cell data has all been transferred. If all ILVUin the
cell have not been transferred, the procedure noves to step #31095. If all
ILVU in the cell have been transferred, the 5 process termnates. At step
#31095 the readi ng head 2006 is junped to the next angle (SM. AG C#n regq),

and the pr k t ;. : is the
addr ess Of9%%2&?%%?%&%g?ﬁhygﬁe§hgﬁﬁﬁ%%%9h8 yggﬁﬁggéﬂ%gg%%égﬁ%qggréggp

#31093. It qips thus possible to transfer the data for the angle sel ected by
the user to the stream buffer 2400 in ILVU units. The non-seanl ess

mul ti-angl e decodi ngApgDeessittehingexesited ivithitp #30448i-khgle70, is
described below referring to Fig. 65. At step #31100 the readi ng head 2006
is junped secemee darisid cebhpiBingt ar mudddresgle BYCEBieS s tesan f (VOB) he
C_FVOBU SA*reg register, and the first VOBU data in the 20 cell is

tradsf err e¥itd thd sstpagiebustrrchyyge. ishdescadddd felmn noves to step
#31101. This junp is_al so acconpli,shed as _descri bed, above, and the | oop
from step #31101 to 5% ephe33ngée; 45 swlitahed Aot Bptemiapyedngnpsl packet

data in th?[LVUbl to interleaved unit ILVUc2, for example, the total

number of audio packets in these two interleave units
ILVUb1l and ILVUc2 is 6, which is one more than the

10 specified total number of 5 audio packets in this
multi-angle scene period T2. This would therefore result
in an overlap of one audio packet in the reproduced audio
if these two ILVU were connected and reproduced. Likewise,
if the angle is changed between the two interleaved units

15 ILVUcl and ILVUb2 containing only two audio packets each,
the total of 4 audio packets is one less than the specified
total number of 5 audio packets in this multi-angle scene
period T2. Connecting and reproducing these two
interleaved units would therefore result in an audio packet

20 shortage, and a break in the audio equal to the duration of
one audio packet. It is therefore clear that when the
number of audio packets in the connected interleaved units
is not egqual to the specified number of audio packets in
that multi-angle scene period, the audio will not be

25 satisfactorily connected, and non-seamless information



25 navigation pack NV (Fig. 20) is extracted in the stream 14 Novenber
2002 - 224 Dbuffer 2400, the decoding table is defined, aig the grqﬁgﬁure
noves to step #31102. The registers set in the decoding t N@V%? e

VOBU- EA reg, NSM. AG. Cl DSTA reg, NSM. AG. C9 DSTA reg, VOB V-SPTM reg,
VOB V EPTMreg, 5 VOB A STP PTML reg, VOB A STP, PTM reg, VOB A GAP LEN
reg, and VOS A GAP LEN2 reg. At stem#3l 102 the data fromthe first cel
VOBU start address C FVOBU SA reg to the end pack address VOBU EA reg,
i.e., the data for one VOBU, is transferred to 10 the stream buffer 2400.
The procedure then noves to step #31103. It is thus possible to output the
data for one contiguous video object unit VOBU on the recording nediumMto
the stream buffer 2400. At step #31103 the ANGLE NO reg is updated, and 15

t he proce%&%ﬁiﬁﬁ SbaR 3L nolilles HPALL PRELARE PReheSalLT e ANGLE

NO reg tothe unber of the angle selected by the user when the user

changes tRhg jangt&systNg the scenario sel ector 2100 (Fig. 26). At step
#31104 it 1s determ ned whether the angle 20 cell data has all been

transferred. |f all rF¥gBU4isn shevscatdlthiovendiDé beefet EBREERNS Gther! Rehe
procedure noves to step #31105. If all VOBU in the cell have been
t ransf er r el tiheany be edst b eMABnands MAR sdtoam #3 106y £ he7 readtagnhead 2006
is junped to 25 the next angle (NSM. AG. C#n reg), and the process advances
14 venbariffiEyrent 226dio data. Common angle data BAl and BA3

contain the common audio data of the common scenes before

and after the multi-angle scene period. The first angle

data MAB comprises first angle interleave unit audio data

iLVUbl and ILVUb2, the smallest angle switching unit within

10 the multi-angle scene period. The second angle data MAC
likewise comprises second angle interleave unit audio data
ILVUcl and ILVUc2.

Fig. 14 shows the audio waves resulting from the
audio data recorded to the multi-angle data MAB and MAC

15 within multi-angle scene period T2. The contiguous audio
output of angle data MAB is formed from the two interleaved
unit audio data ILVUbl and ILVUb2. The contiguous audio
output of angle data MAC is likewise formed from the two
interleaved unit audio data ILVUcl and ILVUc2.

20 What happens when reproduction of angle data MAC
is switched to during reproduction of the first interleave
unit audio data ILVUbl in angle data MAB is described
below. In this case reproduction of interleaved unit

ILVUc2 occurs after reproduction of interleaved unit ILVUb1

25 is completed. As a result, the audio wave resulting from



to step #31106. Note that NSML AG.L C#n reg is the address of the angle to
whi ch the ANGLE NO reg was updated in step #31103. It is i to
transfer the data for the 5 angle selected by the user to{‘{]ﬁgvegrgorsezazﬁqb%uffer
2400 in VOBU units. Step #31106 is an effective step for high speed angle
switching, and sinply clears the stream buffer 2400. By thus clearing the
stream buffer 2400 the data for thejdd_newly selected angle can be
reproduced wi t hout reproducing the angle data that is still not decoded. In
ot her words, clearing the stream buffer 2400 enabl es faster response to
user operations. It is very inportant that -DVD decoder according 15 to the
present invention can pronptly noves to the next data readi ng process and
effectively perforns the data reading once after the detection of the end

f d h i . | i i i i f h
O a2ta Stghe 82 EDRCILARNA Az Lindtange A ool gl olil ORH b the
present Zhg%@% g‘ﬁavc\y MRS aneneey 10 Fi 0. y6Be BngPNEhEUGL ‘Erit(lfngh hei ity eam

buf f er can perforns the end detection of Interleave it TLVU is

descri bed hiéght Ywavhe ist reandudd fudd9lacoppei shg1a ¥Brhuliher 4%k, a

system buffer” 25 2404, a navigation pack extractor 2406, and a data counter

14 Novenbeind00e -addbo 24Phechicorsyid ethdnéfore 2464 tofipaeaeilly stores the
title control data VTSI(Fig. 16) included in signal St6l, and outputs a

confrol i datimfactosy2450 (St 63) such as VIS PGC. 5 The VOB buffer 2402
temporarily stores the title VOB data VISTT VOB (Fig. 1002), and the stream
St67 to the system décdder RBUP diea NS (@nePdadi Ba1pgcRpléwt Aéct3or 2406
recei ves the VOB data at. the sane time with the VOB buffer 2402, and 10
extracts tdrinRgi gelieoRTpRIETRY 3t rdfeTh AT TR NP KR 8Lt BF-34668d1ng

furthernore extracts the VOBU_final pack address U EA or I1LVU final pack
addr ess | [4R% EATRTRASS €°Fﬁ§ll5§ll°éb¥erast}?ecﬁ‘ll T HF ﬁti%ﬁcweéhghom in

S L RIS SoTRR B P B AR B 1S The ot

10 reproduction becomes impossible at the angle switching
point when the user attempts to stop the audio data from
one angle and switch to the audio data of another angle
during reproduction in a multi-angle scene period.

Thus, when each angle in a multi-angle scene

15 period contains discrete audio data, the audio output may
be intermitted between the connected data units when the
angle is changed. Depending on the content of the data in
such cases, noise and/or audio interruptions may occur
during reproduction, resulting even in irritation or

20 discomfort to the user. Such discomfort is a product of
the non-contiguity in the reproduced information content,
and can therefore be avoided by assuring information
contiguity or preventing information intermittence.

Seamless information presentation can thus be achieved.



the same time wth the VOB buffer 2402, and counts each of pack data shown
in Fig. 19 byte by bye. Then, the data counter 2408 produp Rotk ﬁobgput
term nating signal St2454 (St63) at the time when the inputtrng of "pack
data 20 is conpleted. Due to its construction shown in Fig. 66, the stream
buffer 2400 perforns the VOBU data transfer as exanples at step #31064 of
Fig. 72, as follows. The stream buf-flg3 2400 outputs the VOBU data for the
NV extractor 2406 25 and data counter 2408 at the same time when the VOBU
buff er 14 Novenber 2002 - 227 2400 receives the VOBl data on the top of
interleave unit ILVU. As a result, the NV extractor 2406 can extracts the
data of ILVU EA and NT ILVU SA at the sane tine wth the inputting of

navi gati on pack data NV, and outputs thereof 5 as signal 5t2452 (St63) to

the decode system cophiphlehg230Q el c ol NE-d8LQ8HE, SYSt controller
2300 stores the signal 5t245§ intg theﬁ LVUCEA reg angﬁ%ﬂ¥§L€E%SA reg, and

then start pb@seoitinddiet Iwibes @bsBagkeabased Qi tHe-d¥agkeride t€5 NFNGL I NY
si gnal 2455 fromthe data counter 2408. Based on the fore nentioned fhe

count ed valjge ofrnraskseragile | ddth BAaLegMabheadacons sitsd arp s otd er 2300
detects the instance when the inputting of final pack data of ILVUIis

conpl et ed, mal tikanglritdcemne fpermiodyT2 dat ahak ekerplwal 15 pack of the
ILVU is conpleted. Then, the controller 2300 further give a command for the
bi t St ream r epr oducerTi2@00irstnengleodake Hddi thers eontains sawgbe address

i ndi cated by NT ILVU SA reg. The bitstream producer 2000 noves to the
sect or addFEAECHANT ABFNPIIVMPEA~r2R8 Ahd 3Fathe sdaldsstrastihie a.

Thus, the detection.of final end of |LVU and,readi,n rocess, for the next
|LVU can bBRGIFr SHISFEMBAI Ty, TREE AR BBHS 05V iiCoiRe U WiforkS T e

Wi thout o BP? oPF iy Arrodits Sher pRtrhifh bhies “BRe et Peaine 24 Novenber

W t hout a 0CESS, S Thputteé

2002 -228 putben 24%%-?3%%?@31 in the case that the signal processor 2008
of the bitstreanfﬂeprg ucer 2036 is incorporated with a buffer for error

conpection process, fiy LxaRhcanyie §9B4" AAbEL 1230 GV @%b HRUNY comand

to 5 reproducer 2000 so that the teproducer 2000 noves“to the reading
position igdytat etrikynhd LWALtSA BED, al1er £wapbesioanaf theethiipal pack
data of fore nentioned ILVU and clearing the internal buffer of the

repr oducer agg0é. datas MaBheefdredaes eanagele ottt clobngf uhivl data eaen when
the 10 bitstreamreproducer 2000 includes a buffer for error correction
code (ECC)apdo€dsds. Eachhefhvheserrnuliheswitehirampibdusdso2000 has a
buffer for ECC process, the data can be transferred effectively by
provi di ng BA§PRERAYCRYY iy S FHRFAN G 10 dedidml @bt 2+ o1t hahdoB data counter

24?§ (Flg.sgg%hdg? ot her words, the bitstreamreproducer 2000 generates the

Because the synchronized interleave units thus
have the same presentation times, contiguous audio and
video reproduction can be achieved without interruptions or
overlaps at the angle switching position even when the user

20 switches from one angle to another angle, and seamless
information presentation can therefore be achieved as
previously described.

To achieve the data structure shown in Fig. 46,
i.e., to set the actual presentation times of the smallest

25 angle switching units of the audio and video material in



pack input conpletion signal St62; the decode systemcontroller 2300 gives

a command based on the signal St62 the bitstreamreproduggr e%ﬁgye to
t he reading 20 position having sector address designatedqg§k%$&FE | SA reg.

As apparent fromthe above, the data can be transferred effectively even
when the bitstreamreproducer 2000 has a function to buffer the data
reproduced fromthe recording nediq;fﬁ _ 14 Novenber 2002 - 229 It is to
be noted that the apparatus and nethoé'substantially t he sane as those
described in the above with respect to the interleave unit |ILVU can be used
for the detection VOBU end. In other words) by replacing the 5 extraction
of ILVU-EA and NT-1LVU Sa, and the storing of ILVU EA reg and NT_I LVU SA
reg wwth the extraction of VOBU EA and storing VOBU-EA reg, the apparatus

and net hod accordjhg to the present i.nventi descri ped aboye, can ,be used
P e e Tl - 2o LB g ReR Deri B e e FRFE 1 ne vibhe Gawer

Thas, Che FeadioRy 1 0a S7oERTES (VB SAl MU KA B part BRREISe Che

Thus, the r 0

ef fectivel warRPCOgs ALOUSchiptbesILEeaBlIg) doeThecRr et Ror

decoding data 1 n the streamb r 240 wn a inFig. 64 is

described hgliaw y&f&l )1 894t Bwhbl Barbhet EHsS QUGS (BAEPcHB108fhceamRr | Ses
steps #31110, #31112, #31114, and #31116. At step #31110 data is

trargsferr edren Packs Wmd sN20alites t hg sk ead o fer R2400-terbheysyst,em
decoder 2500 (Fig. 26). The procedure then noves to step #31112. At step
#31112 the apacky dat aahes fuohet hefstreamsbubhdra iR i Heet 6bdPthe buffers,
i.e., the video buffer 2600, sub-picture buffer 2700, and audi o buffer
2800. 14 FNnEdhdrmrox®02changing the M or N parameter setting

frequently during the enceding process simply complicates
MPEG video encoding control, and is not, therefore,
10 normally done.
A method of achieving the data structure shown in
Fig. 46, i.e., a method of setting the actual presentation
times of the smallest angle switching units of the audio
. and video material in the multi-angle scene period to the
15 same times, is described below with reference to Fig. 78.
As the example shown in Fig. 78 writes two angle
data units MAB and MAC to the multi-angle scene period, and
each angle data unit comprises two interleaved units ILVUbl
and ILVUb2, and ILVUcl and ILVUc2, respectively. This is
20 for simplicity of discussion only. Each interleaved unit
is a GOP structure. The GOP structures in the multi-angle
scene period set the M and N parameters of the synchronized
interleaved units ILVUbl and ILVUcl to the same values, and
similarly set the M and N pafameters of the synchronized

25 interleaved units ILVUb2 and ILVUc2 to the same values. By



- 230 At step #31112 the Ids of the user-selected audio and sub-picture
data, i.e., the audio ID AUDIO ID reg and the sub-picture | D SPI

stored to the scenario information register shown in Fig.14 ?V%ﬂ%#%éﬁgared
with 5 the stream|D and sub-stream I D read fromthe packet header (Fig.
19), and the matching packets are output to the respective buffers. The
procedure then noves to step #3111414§he decode ti mng of the respective
decoders 10' (video, sub-picture, and audi o decoders) is controlled in step
#3111 4, i.e., the decodi ng operations of the decoders are synchroni zed, and
the procedure noves to step #31116. Note that the decoder synchronization
process of step #31114 is described below wth reference to Fig. 68. 15 The
respective elenmentary strings are then decoded at step #31116. The video

decoder 389ﬂaghu§i5@ac&%ea%n@%&%sémcéﬁfa breankhe %ﬁ A%J{J){)%ragiée

sub- pi cture decoder "3100 reads and decodes the data fromthe sub-piTture

buffer, angathemapdiagaderederhiGd-d avsaeén20i88608¢s thie datdnd o t he
audi o buffer. This stream buffer data decodi ng process then term nates when

t hese decodingepenteasedear earnhy eiedd. tdhehdesasiar ony el @riagatdsn process
of step #31114, Fig. 67, is described belowwith reference to Fig. 25 68.
Thi s proceassgiecewptchdpgsteps A0, #31dL2 whed #Bélathgle 14 Novenber
2002 - 231 At step #31120 it is determ ned whether a seanl ess connection

i s 8pecifichangedesnomhs izstr émaleeldatendAhel bYbadtaganallle. daftaa Méani ess
connection, the procedure noves to step #31122, if not, the procedure noves
5 to step ¥BY4%3, ACPregusySsYHAFLMEASRP et e i bhtReRtpvddeei ng seanl ess
connections js executed in ste and a rocesﬁcggnchroanin

% #31122, . %
operation ¥OFeFBATEEARFSY LYfRRdEH the anale vt BE RSE1%4°M0 By
means of the present.inventli t hu escrisned it. i.s.possible to read_and
supply to %alag%%dgcrzﬁi gego}fﬁ%gu&a Z:h%or%?ﬁ erasfwﬁ%%%)g%bf‘é@f‘ggvﬁfaﬁg&ten
interruptigﬂgsént%ge fat;a; durhg Juepr oduction. \Wen reproducing plura

vi deo obj ects 0 tﬁe sane length, 1t is also possible to seam essly 15

repgoduce the vi deopOhie@fdl WdrN QL UA8F Bdtt Mgt BRedahiA 10" abk@
presentation tinme even froma mdpoint in a vided object. It is also

possi bl e tprsswptytibs gahasobnphhealsmaldestobimslis $witbrgidgcadet W t hout
intermtting the data during presentation. Plural video objets can also be

20 reproduoedebyto etengamal yaflhe nacdisdierant anmplesmnisndesenibeds| y
switching the presented video object without intermtting the data during
present at imeKt with reference to Fig. 79. As in Fig. 77, the
interleave units ILVUbl, ILVUb2, ILVUcl, and ILVUc2 contain
15 interleaved audio and video packets, indicated as A and V,
respectively.
The audio packet A data size and presentation
times are normally constant. As also shown in the figure,
ILVUbl and ILVUcl in the multi-angle scene period have the
20 same number of audio packets (2), and ILVUb2 and ILVUc2
have the same number of audio packets (3). By thus writing
the same number of audio packets to the synchronized
interleaved units ILVU of different angle data MAB and MAC,

the audio data presentation times can be set the same on

25 the smallest angle switching unit level in different



Swi t chi ng between plural video objects can al so be acconplished at high
speed even while presentation is in 25 process. Furthernqr, Lo sible
to dynamcally switch 14 Novenber 2002 -232 to anothepq§$¥¥%h¥%f%@%§1
according to a user selection even while in the mddle of video object
presentati on when reproduci ng data from an optical disk, and these dynam c
system stream changes can be executerygeam essly. 5 Industrial
Applicability As is apparent froma method and an apparatus according to
the present invention for interleaving a bitstreamto record the

interl eaved bitstreamto a recording nmedi um and reproduce the recorded
bitstream 10 therefromis suitable for the application of an authoring
system whi ch can generate a newtitle by editing a title constructed by
bitstreans ryd ng L OUSH LRAf i I C i t ef’
request, an Jg%alséﬁgﬁ%fa Pgﬂfgpgﬁkéé%%tﬂﬁ %,8é%§%j§ w%ég?egﬁggé %ﬁ%ﬁ

Syst em bei ?%%%ﬁ@%@i@Peéoﬂﬁﬁéﬁkh%; audib MReIdora 2002 Wi@ﬁgutf%ﬁ#@ﬁy tute

Sheet - 3 J 2002 CLAI Ms: 1. it stream generating method

gener at i ng iatirnittaide sbor 6tdetad @its&Nee prafue ety Dyciai Bg SFo& epieduCi ng
apparatus, where said disc reproduci ng apparatus conprises a track buffer
for tenpor gairl WbestauH ingvel@t hecaadef the timgld switcHirg ttanknduddes adta
read rate Wr before transferring said data to a decoder at a supply rate
Vo, Wwhere shiaghgesad rate Vr is greater than said supply rate Vo) and said
bit streamconprises a plurality of video objects (VOB) of which one is

al ternatively reprodieegveremiéns@§hmal dde chpaklest \eoBylesavitehingt r eam

generating nmethod conprises stegs for:. selecting mvideo objects_ (VOB),
obt ai ni ng ¥NditFe 4 the i thiT_3ELRgSSehrt Pef FFRIhEH R 352 be

oo eSS0 o Dot ol Uil 0P R ) P
when each af-aelealed myl doocRbleElaohYeBkol $:300MH)! ¥b I dd nter | eave
units (IL ef Interl eaved 1 n a sequence
10 contiguous audio data reproduction at the angle switching
point by simply coding each smallest angle switching unit
(ILVU) with the same audio data presentation time. It is
possible to avoid intermitting the audio presentation,
. however, by writing the same (common) audio data to each
15 angle within a multi-angle scene period on the smallest
angle switching unit (ILVU) level. As previously
described, seamless information presentation can be
achieved by arraying the data to assure contiguous
information content before and after the connection points
20 in the reproduced data, or by formatting the data in closed
data units that are completely reproduced at the switching
points.
A further multi-angle scene period data structure
in which common audio data is written to each different

25 angle is shown in Fig. 80. Unlike the structure shown in



ILVJU' . . I LVU~~ . ... ILVUm~~,..ILVUn .. ILVU Z. .1LVU-~ ...

| LVU-m ~~2. .. 1LVUmn .. ILV, ~~. , ~ . I LVU-~~., ~ ...

LVl J~m , >c~. , ~. . [ LMUm~.,) ILVU,,...ILVUZ~ .... |LVU-m ,14Novembgre02

14 Novenber 2002 - 234 - Substitute Sheet - 3 July 2002 where i is a
sequential value indicative of a vi d@o object (VOB) and ranges from1l to
rn, and j is a sequential value i ndi4’ati ve of an interleave unit (ILVLY)
and ranges from1l to v, obtaining a data quantity d 1 stored to the track
buffer at a differential rate Vr - Vo during a tine tl, said tine tl being
a period during which a bit streamconstituting said interleave unit (ILVU;
~) is read fromdisc, segnenting mvideo objects into interleave units
(I'LVLT; ~) whereby said data quantity dl stored to the track buffer exceeds
a data qudtitd+ a2 thiasfatrestauciyps vis &chiwved ovy tweitingkabdiper to
t he decoder during said tinme t2, and generating a bit streamin w vch

segnent ed data d&tob] ecEampVebr ¥idhin eacdndtl tehing Webtience descri bed
above. 2. A bit strea eperati net hod accaqr di toclaiml, wherein a
vi deo obj N YEIEE2 ¥ t‘gﬁ"ﬁg EBPﬂrﬁeé‘:Qe&%ienﬁé‘@q@ati}%aaﬁ@q RNt ACF or

sel ecting a video opject (V lects ideq.objects {V havi.ng t he
sane plegent;;ion tg%gaPS% %ﬁé %%ggﬁngg%géﬁ:%ﬂﬁécﬁﬁgpé% ?;Vﬁgﬁapgerein

3 £ DIU SisAmaneralygg Tt Eodr96c0Ldtd Laed Thleierel n sald vi deo

object (VW contains 1nege data com‘)_ress_e accor _ EG st andard,
and a smaldieslof it Mg Uha 16 VEBYE WAI 6hriesud tSWE IR Ongai d Vi deo

object (VOB) constituting an interleave unit (ILVU) is bounded by a GOP
unit, whi @ififerdht nAgeidlakavesnateshboAnylet switching point will not
result even when the angle is changed by switching from
first angle interleaved unit ILVUbl to second angle
10 interleaved unit ILVUc2 within an encoded audio data
multi-angle scene period thus structured.

Note that if the audio data is formed with the
same audio wave on the interleaved unit ILVU level,
seamless information presentation can obviously be achieved

15 just as when the audio wave data is complete within each
interleaved unit ILVU.

When the audio data is coded using Dolby AC-3
audio coding, the time-base correlations can be retained
even when the angle is changed, and contiguous audio

20 reproduction can be achieved at the 'angle switching point
without noise or intermittence, because common audio data
is written to the smallest angle switching units (ILVU) of

the angle data or is complete within each interleaved unit

ILVU.



14 Novenber 2002 - Substitute Sheet - 3 July 2002 4. An optical disc (M
for storing a bit streamreproduced by a disc reproducin ratu aid
bit streamconprising a plurality of video objects (VOB) A‘?ﬁgv "ﬁﬁ%%%ﬁe is
alternatively reproduced from anmong m vi deo objects (VOB), wherein said

di sc conprises a video object storagg area and a managenent information
storage area, said nmanagenent infon %Fon storage area stores presentation
sequence information indicative of the video object (VOB) presentation
sequence, and group information indicative of what video object (VOB) and
what other alternatively reproducible video object (VOB) are associ ated
with the same group, said video object (VOB) storage area stores one or
nore video objects g OB) where each of m(where mis an |nteger val ue of

two or more) video G(ﬁﬁ%ﬁ%@Kﬁﬁ BRkeRdi khad When Presait gisgntsoBegnent ed
of o vi hQLser{)%f wrot e 1&&%&% Pl §70 coF nERERE FYPes: abandig ar
val ue induf i ve. of . gg %§¥I%§v unlt %ILV gnd ranges Eronll to v, and
said i nt erd2eR RV EERLPLTD S P Y 3 apgﬁéﬁ Ace LUz~ .. ..
LW Do e EEUHe? pdiME 7o shaifvx “Fot! s}z_u%m% o

| LVU~t ~. , ~ ~~_~= e
| LVEJ~", . wop - unﬂ:g\h and ﬁ'l NoM&rThers c?x.oot.zhe 3\§Pat1§Hb ?‘ EHEe +3t eé

July 2002 said intefleave units (ILVU ~) are segnented from m vi deo objects
(VOB) in s4atemmmariner that a disc reproducing apparatus is supplied with
data sufficient to sustain presentation for atinme t3, where tine t3 is a
sumof time tl and atl iige Hhikrdfidmre tpodel BYe atdi Aehieqel sednleg=ead a bit
stream constituting said

information presentation as previously defined.

The operation of multi-angle control based on the
10 digital video disk data structure is thus as described

above.

A method of recording to the recording medium
multi-angle control data specifically enabling selection of
a different angle data unit while reproducing one angle

15 data unit in the same multi-angle scene period is, however,
described below.

The common angle data BAl shown in Fig. 23 is
arrayed to a contiguous block region, the interleave unit
data of the multi-angle data MaAl, MA2, and MA3 in the

20 multi-angle scene period is arrayed to an interleaved block
region, and the common angle data BA3 following thereafter
is arrayed to the next contiguous block region. Referenced
to the data structure shown in Fig. 16, the common angle

data BAl constitutes one cell, the multi-angle data MA1l,

25 MA2, and MA3 each constitute one cell, the cells



interleave units (ILVLT;~) froma disc, and tine t2 being a tinme required

for the disc reproducing apparatus to switch bit streamreproducti rom
interleave unit (ILVU;~) to interleave unit (ILVU,~) to ﬂ%ﬁ&ﬁegﬁvéaﬁﬁgt

ILVU; ~.;~), and said interleave unit conprises one or nore sub regions
(VOBU) to which video data and managenent information (NV) are stored, and
sai d managenent information (NV) coffgrises end address information (ILVU
EA) indicative of an end address of the associated interleave unit (ILW),
and linking information (NT ILVU SA) indicative of a position on the disc
(M of a next interleave unit (I1LVU) to be reproduced. 5. Adisc (M for
storirig a bit streamreproduced by a disc reproduci ng apparatus accordi ng
to claim4, where said disc reproduci ng apparatus conprises a track buffer
for tenporardessinding tat theeadltiomngie diadm tMA1I heMaARacknlduMbher at a
read rate Vr before transferring said data to a decoder at a supply rate
Vo, wher e csaist irtasfee rome Q@lisbgpéﬁtéﬁh@héwliﬂhﬂQﬂﬁuquﬁaﬂEMvoﬁ &he 14
Novenber 2002 - Substitute Sheet - 2002 said bit stream conprises a

3 Jul
plurality¥8fl viaddo objeetl pieek EFaﬁﬁi"aKt&% GBM 9% ckhRitYRel gelépFoduced

fromanong m vi deo objects (V . wherei,n said . interlea nits (I LVU;, ~
are segrre%tbéd:\é’lfered?n Ee%"‘éb?@a%f'sceg‘éﬁl)"'i ﬁ"léjuélﬁ‘ea GRYY C\P/ a'lfjh%t H%gacﬁﬁlgn%i ty

dl d buf i.f ipal Vi_- Vi j i
1 Sxceods o h WAt £90 b (PO FoFPEs AL L BAE S 50 VERREEoREDRBSL 1 ack
{1 “exceeds a s 2 o at s _ A Ees
SN S e A T il L R T

di sc, and;saigd idm § 2106l "CoRnbieB 8b ¥hhehahead My pbit stgeam fromthe
disc will be interrupted when a head of the disc reproduci ng apparat us

junps bet wean ~a&1ntEsdeamei oid taféL¥Uso) saBdref isklagileany 6 1dybadk LVLI;
~+,~). 6. Adisc (lvl) according to claim4, wherein the end position

i nformat i gseamlass PMlaymanie fihadg SPRP+i $ssamiekke playdgekent. i nf or mati on
of a sub region,

10 The structure of the stream containing a
multi-angle scene period and the basics of the on-disk
layout in the preferred embodiment of the invention are
shown in Fig. 47. The multi-angle scene period is a period
in which the stream can be freely changed by the user. 1In

15 a stream with the structure shown in Fig. 47, it is
possible to switch to VOB-C or VOB-D during reproduction of
VOB-B. It is therefore likewise possible to switch to
VOB-B or VOB-D during reproduction of VOB-C, and to switch
to VOB-C or VOB-B during reproduction of VOB-D.

20 As previously described, the unit for changing
the angle, i. e., the angle selection unit, is the smallest
interleave unit obtained from the conditions defined by
equations 3 and 4, and is defined as the angle interleave

unit A-ILVU. A-ILVU management information is also added

25 to the angle interleave unit A-ILVU. The navigation pack



end address information (VOBU EA) of the associated sub region, and a flag
(UNIT END flag) indicating whether the interleave unit i i b he
associated sub region. 7. A disc (M according to claim iqmvélvgbg’lgﬁbén]qévi deo
objects (VOB) associated with a sane group contain conpressed i mage data
havi ng the sane presentation tine when unconpressed, and sub regi on (VOBU)
managenent information (NV) contarri$0- 14 Novenber 2002 - 238 - Substitute
Sheet - 3 July 2002 end address infonnation (VOBU EA) indicative of an end
address of the associated sub region on disc, a flag (UNIT END fl ag)
indicative of an end of an interleave unit; linking infornzation (NT ILVU
SA) indicative of a position on the disc (W of a next interleave unit
(I'LVU) to be reproduced, and angle-specifc linking information (SM.,, AG.
C#1-9 DSTAY praivdatialy cieacpbisedi oorpaspbadd s (Yisofaarmeast i nterl eave
unit (ILV~ to be reproduced for each video object (VOB) duri ng a 1 ternati
ve presenmahegemeht Anffccmgdjonccording to claim4, wherein sub region
(VOBU) image data is inage data conpressed using an MPEG net hod, and said
sub region (VOBU ) Amn ¢wvampés bp whdoh thet lagh @trdk addiesgeidathe
conpression unit. ~. A disc_reproducing apparatus (DCD) conprising a neans

for readi ABTprESeArdl\Gh anuehR AEAF 8F FaPFokhegnexs i @a%h, and a
vigeo o0l set (U8 droma.dioc (M socordhng i Claim, & ehonpg roans
buf fer fo&fskﬁgiE%Q%@%j@%?%ﬂ?ﬂﬁﬂﬁ_iﬁépr”ﬁﬁkgg %Nyé’figure is very
similar to Fig. 42, the angle interleave unit A-ILVU
comprises two video object units VOBU in this example, and
the navigation pack NV of each VOBU contains the ILVU end
10 pack address ILVU_EA indicating the address of the last
pack in the ILVU to which the VOBU belongs, and the
next-ILVU start address for each angle data block #1 - #9
(SML_AGL_Cl1_DSTA - SML_AGL_C9 DSTA). These addresses are
expressed as the number of sectors from the navigation pack
15 NV containing the address information. In fields in which
there is no angle data, information indicating that there
is no angle data, e.g., 0, is recorded. By thus recording
the last pack address and the next-ILVU start address for
each angle data block #1 - #9, it is possible to know the
20 address of each next selectable angle and to switch to a
different angle scene without reading unnecessary angle
information.
For interleaving data in the multi-angle scene
period, all angles are interleaved to the same time

25 reference (interleave boundary) using the angle interleave



14 Novenber 2002 - 23y - Substitute Sheet - 3 July 2002 a presentation
control neans for controlling video object presentationzyﬁ¥%ﬁg rbBo R
presentati on sequence indicated by the presentati on sequence i ntormation,
an angl e presentation detection neans for detecting whether a read video
object is an alternatively presentabl e video object based on the group

i nformation, an angle selection neangif-or selecting one video object when a
read video object is an alternatively presentable video object, an
interleave unit end detection neans for referencing end address information
(ILVU EA) for an interleave unit contained in the managenent inforn~ation
of a sub region being presented, and detecting whet her presentation of an
interl eave unit has reached the end, and an angl e presentation control

means for preseRUMEnA & optedsNbeeasebiraals Wisth 2 r'ﬂ?ﬁsvigeﬁ’%oghﬁﬁﬁ.ei S an

alternatively presentabl e video object, and when presentation has reached
an end of gRel Bh@Nlecave BBl dhangE8USE NGURERIGN A IK¥E Db Pe W fERiAbEREL from
an interleave unit indicated by Iv~l:ing information ~ (NT ILVCT SA) in the
'stored nepagesehancy drimitonof Nvhe D0D Bldyee .r edrihicl sgvappei et 8atbDCD)
according to claim9, further conprising a neans for reading presentation
sequence i nEotempiorar ignowgtorgdripat tha, taadka bvifdes orettt{e/GB tar Hora
disc (M, said disc (M con uprising a video object storage area and a
mandgenent thaf engilgt isedestahgeest ebS thed iapgefentthenftoratiatbwhter or age

area stores presentati on sequence infornzation indicative of the video
obj ect (VABPWBVESentRS Hiteqdhte, caprrt kg KRgpEpEdceshgintibfhe data

a5 e et e U LR RS B ety deo
are 25s0ct gronhl, oY, B0 e 0 01 5P0R REL LU e o2
It is therefore necessary to minimize the size of the angle
10 interleave unit A-ILVU in order to maximize the speed at
which the next angle scene can be selected and presented.
A common interleave unit size and boundary position must
therefore be used between the VOB constituting each angle.
This means that the reproduction time of the
15 encoded video stream forming the VOB must be the same for
each VOB, and the time at which each interleave unit can be
reproduced must be the same, i.e., the interleave unit
boundaries must be common, for each interleave unit at the
same reproduction time in each angle. More specifically,
20 the VOBs constituting each angle must be divided into the
same number of interleave units, and the reproduction time
of said interleave units must be the same in each angle,

i.e., the VOBs constituting each angle must be divided into

the same number N of interleave units, and the k-th



each of m(where mis an integer value of two or nore) video objects (VOB)
associated with a sane group is segnented into v interleaffwun'tg ( b U, ~),
G Beag

where i is a sequential value indicative of a video objec anges
froml tom and j is a sequential value indicative of an inierleave unit
(ILVWJ) and ranges from1l to v, and said interleave units (ILVU;~) are an
anged in a sequence |LVU'..ILVUz) -.152 JdLVU-m,~, ..ILVUn |LW~. .ILVUzz
e ITLVU=mM , ~2. . I LVUM2 | LVU, ~~.,~. . |ILVUz~~..,~ .... ILVU-m, 6 ~~~_, ~.

| LVUn—~.,~.. ILW,,,.. Il:VUz~ .... ILVU-m,~~. ILVUm,. said interl eave

units (ILVU,~) are segnented from mvideo obj ects (VOB) in such a nmanner
that a disc reproducing apparatus is supplied with data sufficient to
sustain presentation for atinme t3, where time t3 is a sumof tine tl and a

ustaln pre n for a b i e tl-
Sai 0 |t er MR8 U T PRSP b oo B eh in A AR ek

required f @hel Ryl SheRIQCONO ppRaratus to switch bit stream 14
Novenber 2002 - Substitute Sheet - 3 July 2002 reproduction frominterl eave

unit (ILVU ~) to intesteaveryntd tbbMiskste irdpydaave thet{hterYelve™)
and said interleave unit conprises one or nore sub regions (VOBU to which
vi deo dat auvadd snmirstyerented o camapl é pntéMVenabdest @tedaranfisaisk managenment
information (NV) conprises end address information (ILVU EA) indicative of
an énd addres®lefte: hid tdsisnciatledinteel¢augecuniits. (| MWds, marchd itHat ng

i nformation %NT I LVU SA) indicative of a position on the disc (M of a neat
i nterl eaveUdfeE (HhevMPEGD Sendgnddi cdlofndr EPR sizustansoising a

i nformation of an LnterI% ve qpit %?qyrises i n_the managenent information
of a sub rg@p859551on method that does not reference any frames

outside the interleave unit must be used. If this method
is not used, it is not péssible to seamless connect and

10 reproduce interleave units from different angles. By using
this VOB structure and interleave unit alignment, however,
contiguous reproduction is possible time-wise even if the
angle is changed.

The number of interleave units in the multi-angle

15 scene period is determined by the number of interleave
units in the other angles that can be arrayed within the
jumpable distance after an interleave unit is read.
Regarding the arrangement of the interleaved units in each
angle, the interleave units reproduced first in each angle

20 are arrayed in the angle seguence, and are subsequently
followed by the interleave units reproduced next in each
angle being arrayed in the angle sequence. Thus, if the
number of angles is M (where M is a natural number, and 1 <
M < 9), the m-th angle is angle #m (where m is a natural

25 number, and 1 < m £ M), the number of interleave units is N



end address information (VOBU EA) of the associated sub region, aid a flag
(UNIT END flag) indicating whether the interleave wit te{ﬁ“{:\%ﬁ&? 2i062t he
associ ated sub region; wherein the interleave unit end detectiion neans
detects whether presentation of a video obj ect (VOB) has reached the end
of an interleave unit based on end address information (VOBU EA) for a sub
region on disc, and a flag (UNIT EN334ag) indicative of an end of an
interleave unit. 11. A disc reproducing apparatus (DCD) according to claim
9, further conprising an angl e change acceptance neans and an angl e change
control neans, wherein said reading neans reads presentati on sequence
i nfonmation, group infom-ation, and a video object (VOB) froma disc (M,
said disc (M conprising 14 Novenber 2002 - 242 - Substitute Sheet - 3
Jul'y 2002 @ndyieay opi e£tngtQE-ade nade rakf h tEagRARNby| BERETALI0A )St Or age
area, said managenent infornlaiion storage area stores presentation
sequence iaHPIHAtH-Ofh | et 62l eueeolintike i deovam) £t iHYEB) eBfRS QR &t Han
sequence, and group information indicative of what video obj eci (VOB) arid
what ot her(waldranai i Mely mapupdilchnbhderi,demdly ectn (¥YB) , atBeassoci at ed wi sh
the sane group, said video object (VOB) storage area stores one or nore
vi deo obj deiter(1d@EB)e Wit seghepfemiéwhacd en#ls mténlegee ualite#df tu-~o or
nmore) video objects (VOB) associated with a same group is segnented into ~
i ntder | eavangdie ¢ Iil_nny,l‘«gt?—av&ﬁe\délt ¥3,aasadiget3 alnvexr Lleavadipati #&, of a
vi deo object (VOB) and ranges from1l tqoq m and j is a sequential value
i ndi cati ve of afNgkeritABteRLLAVELVD} tadd r e F bnintesleavananiki d
interleave_units (ILVU ~), are arranged i,n a sequence |LVU, r..ILVUzr
| LVU~n, , A2/ ARFLE #2 % ’iﬁff‘??YEv}‘gig ?".B.'. "I LW-m ~~~. . | LVUr n~
VU TV e s nebbYlave @ik 2148 47 eben bhife™ss! V925
the shortest read time for seamlessly selected angles where

10 the angle change is seamless, the maximum distance that
must be jumped when moving between angles is the distance
from the first angle interleave unit in the sequence to the
last interleave unit in the interleave unit sequence of the
next angle reproduced within the sequence of angle

15 interleave units reproduced at the same time. Thus, if the
number of angles is An, the jump distance must satisfy the
following eguation 7.

max. angle ILVU length x (An - 1) x 2 < jumpable
distance [7]

20 With non-seamless multi-angle switching, each
angle must be seamlessly reproduced, but seamless
reproduction is not required when moving between angles.
Therefore, if the interleave unit length of each angle is
the shortest read time, the maximum distance that must be

25 jumped when moving between angles is the distance between



said interleave units (ILVU; ~) are segnented from mvideo objects (VOB) in

such a marnler that a disc reproducing apparatus is suppli p€¥ qu
sufficient to sustain presentation for a tine t3, where t?%@o Pe & §um of

tune tl and a tune t2, 14 Novenber 2002 - 243 - Substitute Sheet - 3 July
2002 tine tl being a tine required to read a bit streamconstituting said
interleave units (ILVU ~) froma di$s4g-and tinme t2 being a tine required
for the disc reproducing apparatus to switch bit streamreproduction from
interleave unit (ILW~) to interleave unit (ILVU ~) to interleave unit(lLW
~+,~), and said interleave unit conprises one or nore sub regions (VOBU) to
whi ch video data and managenent infonnation (IV) are stored, and said
managenent infornlation (NV) conprises end address information (ILVU EA)

i ndicativ r f | di | eaye i and
i nking i ﬁ:};}g%ngﬁ;gﬁﬂ?ﬁiggl i 1s%) #ﬂ%ﬁf%’é@%&? a %‘E‘Eﬂ Lroehe ﬁél(’“ i ;écl:J)"( of

a next intgideayeisnih, (Lh¥Ujul® 188 stepicduneds §&tﬂsg§‘9{:ﬁe9?6@§%wing
accept ance nmeans accepts an instruction changing a video object (VOB)”  to be
al ternati wewyapieseat ed, and detennines a presentation start position for
the alternatively selected video object according.to the angl e-specific

| i nki ng i nfornmrékonaf8le AGVUCABrGZIISTA) (Am + hk) randgepeblei diistamdeon
(I'v=~), and said angl e change control neans starts presentation of the
spe%ifiexi&ﬁlernatively present abl e vi deo object froma detenlined

presentation starting position when an angl e change instruction is
received. 12. A repfFB8uBEtSRhethHREing A e8TRF dPRgthe svatehdng

cel ect od G U eh e FEeENOURAS LRI SRR G et Tt b TARFR-(NV)
fron]the'g%gké”é§¥35§4efé’described below with reference to Figs. 49
and 50. In Fig. 49 the angle interleave unit A-ILVU is the

10 data switching unit, and the address of another angle
interleave unit A-ILVU is written to the navigation pack NV
of each angle interleave unit A-ILVU. Fig. 49 shows the
address description achieving seamless reproduction, i.e.,
uninterrupted reproduction of the audio and video data.

15 This addressing method specifically provides for control
whereby only the data for the interleave units of the angle
to be reproduced is read into the track buffer when the
angle is changed.

Fig. 50 shows an example in which the video

20 object unit VOBU is the data switching unit, and the
address of another video object unit VOBU is written to the
navigation pack NV of each video object unit VOBU. This
addressing method provides for non-seamless reproduction

control whereby reproduction can be changed as quickly as



14 Novenber 2002 -244 presenting the read video object, detecting whether

presentation of a video object has continued to an end of i gpb@ﬁye
unit based on interleave unit end address infornmation (IE@%&Ek?EEon al ned

in the managenent information (NV), and resum ng vi deo object presentation
froma position indicated by a linking information (NT ILVU SA) in the

st ored managenent information when video obj ect presentation has been
conpleted to an interleave unit end.1533. A reproduction nethod for a disc
according to claim®6, conprising steps of selecting a video object to be
presented, reading the selected video object, retrieving and storing
managenent information (NV) fromthe read video object, presenting the read
vi deo obj ect, detecting whether presentation of a video obj ect has
continued to an end of an interleave unit based on end address information

(I'LVU EA) padiadhievePlarddiead afddiespeat he assechaisad spd 49918n58n
disc, and a flag (UNIT END flag) indicative of an end of an interl eave
unit, contghhgdedn the nmanagenent infornmation (NV), and resum ng video

obj ect presentation froma position indicated by a Iinking information (NT
| LVU SA) in the hel dmeanhgenedi eattr emyilen iditmr Madss abjech-pLéBenhat i on
has been conpleted to an interleave unit end. 14 Novenber 2002 - 245 14.
A reproducthentheekotfldriangte datarUPRgBL o VOBaiCm AN JMA1RiTRFOIES St eps
of: selecting a video object to be read and presented, reading the selected
vi déo obj e@®, thet pRd¥ess £l Brernayt nanddendAterdravsatdit ANVILYY o9t he
read vi deo object, presenting the read_videpo obj . detectingzﬁhether

j ect
present at i BR SEPEOG 8§(ﬁﬂ%ﬁﬁd¢ﬁﬁsﬁoﬂfiﬁuEBrPﬁoiﬁgéﬁ&¥ﬂyz%?te
A-ILVU. Note that VOB~B is designated angle #1, VOB-C is

angle #2, and VOB-D is angle #3. The multi-angle data
VOB-B consists of angle interleave units A-ILVUb1,

10 A~-ILVUb2, and A-ILVUb3. multi-angle data VOB-C similarly
consists of angle interleave units A-ILVUcl, A-ILVUc2, and
A-ILVUc3, and multi-angle data VOB-D of angle interleave
units A-ILVUd1l, A~-ILVUd2, and A-ILVUd3.

The navigation pack NV of éngle interleave unit

15 A-ILVUbl contains SML_AGL_C#l1 DSTA pointing to the relative
address of the next angle interleave unit A-ILVUb2 in
VOB-B, as shown by line Pblb; SML_AGL_C#2_ DSTA pointing to
the relative address of VOB~-C angle interleave unit
A-ILVUc2 synchronized to the same (next) angle interleave

20 unit A-ILVUb2 as shown by line Pblc; and SML_AGL C#3_DSTA
pointing to the relative address of the VOB-D angle
interleave unit A-ILVUd2 as shown by line Pbid.

As shown by lines Pb2b, Pb2c, and Pb2d, the
navigation pack NV of the next angle interleave unit

25 A-ILVUb2 in the same video object VOB-B likewise contains
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sel ected video object according to the angl es-specific linking information
(SML AGLCH#1-9 DSTA) in the managenment infornmation (NV) when a video object
change instruction is accepted, and starting presentation of the
alternatively selected video obj ect froma deternined presentation
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e I I e At
A2 AU 'Ah%)AA AA AhAd%resses J%e similarly written to the navigation
pack NV of the first angle interleave unit A-ILVUcl in
10 VOB-C, i.e., SML_AGL C#2_DSTA pointing to the relative
address of the next angle interleave unit A-ILVUc2 in VOB-C
as shown by line Pclc; SML_AGL_C#l1_DSTA pointing to the
relative address of the same (next) angle interleave unit
A-ILVUb2 in VOB~B, as shown by line Pclb; and
15 SML_AGL_C#3_DSTA pointing to the relative address of the
VOB-D angle interleave unit A-ILVUd2 as shown by line Pcld.
As shown by lines Pc2c, Pc2b, énd Pc2d, the
navigation pack NV of the next angle interleave unit
A-ILVUc2 in VOB-C likewise contains the relative addresses
20 SML_AGL_C#2_DSTA, SML_AGL_C#1_DSTA, and SML_AGL C#3_DSTA
pointing to the next angle interleave units A-~ILVUc3,
A-ILVUb3, and A-ILVUd3 in the respective video objects VOB.
Again note that the relative addresses are all

expressed as the number of sectors from the navigation pack

25 NV of the VOBU contained in each interleave unit.
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NV, the next address of the selected angle can be easily

obtained without giving special consideration to whether
the angle is changed or not, and jumping to the next

5 interleave unit can be controlled by the same control
seguence.

By thus recording the relative addresses of each

A-ILVU that can be selected from each angle, and
constructing the encoded video stream contained in each

10 A-ILVU from closed GOP, seamless reproduction without video
disruption can be achieved when the viewing angle is
changed.

The audio data can also be seamlessly reproduced

if the same audio is recorded for each angle, if the audio

15 is complete within each ILVU, or if discrete audio data is
recorded. Moreover, if identical audio data is recorded to
each interleaved unit ILVU, the listener will not even be
able to discern that the audio track has changed if the
audio 1s seamlessly reproduced across angle changes.

20 A data structure enabling non-seamless
reproduction of angle changes, i.e., seamless data
reproduction permitting perceptible breaks in the content

of the reproduced information, is described below with

reference to Fig. S50.
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210% & () 'éhreé ?VJI,déc(JjEggjc'ecéoﬁgiltélgéb%c(l), %IOBUCZ, and VOBUc3, and
5 VOB-D comprises three video object units VOBUAdl, VOBUA42,
and VOBUA3. As in the case shown in Fig. 49, the
navigation pack NV of each video object unit VOBU contains
the end pack address VOBU_EA of each VOBU. Note that this
end pack address VOBU_EA is the address of a navigation
10 pack NV in a VOBU comprising a navigation pack NV and one
or more other packs. In this example, however, the
NSML_AGL_C#_DSTA address written to the navigation pack NV
of each VOBU does not describe a chronologically later VOBU
address, but the address of a VOBU in a different angle
15 with a reproduction time preceding the time the angle is
changed.
In other words, addresses NSML AGL_C#l1 DSTA to
NSML_AGL C#9_DSTA to VOBU in other angles synchronized to
the current VOBU are recorded. As above, #1 - #9 represent
20 different angle numbers. For fields in which an angle of
the corresponding number does not exist, a value, e.g., O,
indicating that the angle does not exist is recorded.
Thus, the navigation pack NV of video object unit VOBUbl of
multi-angle data VOB-B contains NSML_AGL_C#2_DSTA and

25 NSML_AGL_C#3_DSTA, the relative addresses of the
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The navigation pack NV of video object unit
VOBUb2 similarly contains as shown by lines Pb2c’ and Pb2d’
5 the relative addresses NSML_AGL_C#2 DSTA and
NSML_AGL _C#3_DSTA of the synchronized VOBUc2 and VOBU42.
The navigation pack NV of video object unit VOBUL3
similarly contains as shown by lines Pb3c’ and Pb3d’ the
relative addresses NSML AGL_C#2_DSTA and NSML AGL C#3 DSTA
10 of the synchronized VOBUc3 and VOBUd3.
The navigation packs NV of video object units
VOBUcl, VOBUc2, and VOBUc3 of VOB-C similarly contain the
relative addresses NSML_AGL_C#1_DSTA and NSML_AGL_C#3_DSTA
of the respectively synchronized VOBU as shown by lines
15 Pclb’, Pcld’, Pc2b‘’, Pc2d’, Pc3b’, and Pc3d’.
The navigation packs NV of video object units
VOBUd1l, VOBUd2, and VOBUd3 of VOB-D likewise contain the
relative addresses NSML_AGL_C#1l_DSTA and NSML_AGL C#2_ DSTA
of the respectively synchronized VOBU as shown by lines
20 Pdlb’, Pdlc’, Pd2b’, Pd2c’, Pd3b’, and Pd3c’.
The angle selection address information
NSML_AGL_C#4_DSTA to NSML_AGL_C#9 _DSTA for non-existent
angles #4 - #9 in this example record a value indicating

that corresponding angles do not exist, e.g., a 0 value.



10 10 10y83" 109%& () - 9610%& () - 8&8088888dELC 10" y@0%T&' () -
SMLOYT&' () -31090& ()-y31000& ()- @O%I& ()-y G 109d& ()- %@@%ﬁgﬁ%&

10"f9$10%T&'()-'Df"lO%TT&'() f 1109 & ()- s$10%& () -

z109& ()-:9:\::::; ; dEbC 10"S/Y%10%T&'() S-y109%0& () - S+10%& (

) 1090°& () - S FlO%T&f() &YA0UW& ()-; M |;;;:;;;;xnmC 10"'F109&&f() 10T 10T

10T8T10%& ()-,6 10%0& () - 5f10%T&L3 F1t 10990&' () - ; ; <Y<p<<<dEnbC

10"sl "$10% & ()-10% & ()- F10% & () ¥ 7" 1 10% & ()-910% & () -

9@ 0% & () - <=r====*>aBnbC 10" f

10% & ()-10% & ()-10% & ()-3F'10% & ()-!~3,3"10% t& ()-FL&O0% & () - *>">>>>?

9?dEnbC 10"s+10% & ()-)- 10% & ()-'10% & ()-%40% & ()-&$10% & () -

F'y10% & () -9?nP???. @/@EnC 10" 610% & ()-4 10% & ()-s310% & () -

110% & ()-,/$10% & ()- s-@0% & () - YaooaoaoadhC 10", " 10% & ()-L

10% & () - &&S10% &' ( pukrEha%&produtMidiltof angle data with this data
structure, the DVD decoder interrupts reproduction of the
angle VOBU data currently being reproduced when the angle
is changed, then reads and begins reproducing the VOBU data

5 for the selected angle.

Note that while there appears to be a time offset
between the interleaved units of VOB-C relative to VOB-B
and VOB-D in Fig. 50, this is merely to facilitate easier
understanding of the address descriptions written to the

10 respective navigation packs NV of each VOB using the line
arrows as shown. There is, in fact, no time shifting
between the respective interleaved video objects VOB, which
are aligned as shown in Fig. 49.

The data structure shown in Fig. 50 thus contains

15 as pointers to the next VOBU to be reproduced addresses to
another VOBU that should normally be reproduced either
simultaneously with or chronologically before the VOBU
containing the address information. Therefore, when the
angle is changed, reproduction is continued from a scene at

20 a past point in time. This method of encoding the address
information is thus preferable when seamless angle
switching not required, i.e., for non-seamless information
reproduction in which contiguity is not required in the

reproduced information.

25 Flow chart: encoder
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10 10/a&dg%; é%%ég%é)cggéék%f%é)pléggq&VSE corresponding to the
scene periods beginning and ending at the scene branching
and connecting points, and VOB data streams corresponding
to each scene. These VOB set data streams shown in Fig. 27

10 are the encoding information tables generated at step #100
in Fig. 51 by the encoding system controller 200 for
creating the DVD multimedia stream based on the
user-defined title content.

The user—-defined scenario conﬁains branching

15 points from common scenes to. plural scenes, or connection
points to other common scenes. The VOB corresponding to
the scene period delimited by these branching and
connecting points is a VOB set, and the data generated to
encode a VOB set is the VOB set data stream. The title

20 number specified by the VOB set data stream is the title
number TITLE_NO of the VOB set data stream.

The VOB Set data structure in Fig. 27 shows the
data content for encoding one VOB set in the VOB set data
stream, and comprises: the VOB set number VOBS_NO, the VOB

25 number VOB_NO in the VOB set, the preceding VOB seamless
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interleaved VOB divisions ILV_DIV, and the minimum
interleaved unit presentation time ILVU MT.

The VOB set number VOBS NO is a sequential number
identifying the VOB set and the position of the VOB set in

10 the reproduction sequence of the title scenario.

The VOB number VOB _NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The preceding VOB seamless connection flag

15 VOB_Fsb indicates whether a seamless connection with the
preceding VOB is required for scenario reproduction.

The following VOB seamless connection flag
VOB_Fsf indicates whether there is a seamless connection
with the following VOB during scenario reproduction.

20 The multi-scene flag VOB Fp identifies whether
the VOB set comprises plural video objects VOB.

The interleave flag VOB_Fi identifies whether the
VOB in the VOB set are interleaved.

The multi-angle flag VOB_Fm identifies whether

25 the VOB set is a multi-angle set.
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identifies whether angle changes within the multi-angle
scene period are seamless or not.

The maximum bit rate of the interleaved VOB

5 ILV_BR defines the maximum bit rate of the interleaved
VOBs.

The number of interleaved VOB divisions ILV_DIV
identifies the number of interleave units in the
interleaved VOB.

10 The minimum interleave unit presentation time
ILVU_MT defines the time that can be reproduced when the
bit rate of the smallest interleave unit at which a track
buffer data underflow state does not occur is the maximum
bit rate of the interleaved VOB ILV_BR during interleaved

15 block reproduction.

The encoding information table for each VOB
generated by the encoding system controller 200 based on
the scenario data St7 is described below referring to Fig.
28. The VOB epcoding parameters described below and

20 supplied to the video encoder 300, audio encoder 700, and
system encoder 900 for stream encoding are produced based
on this encoding information table.

The VOB data streams shown in Fig. 28 are the
encoding information tables generated at step #100 in Fig.

25 51 by the encoding system controller 200 for creating the
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content.

The encoding unit is the video object VOB, and
the data generated to encode each video object VOB is the

5 VOB data stream. For example, a VOB set comprising three
angle scenes comprises three video objects VOB. The data
structure shown in Fig. 28 shows the content of the data
for encoding one VOB in the VOB data stream.

The VOB data structure contains the video

10 material start time VOB_VST, the video material end time
VOB_VEND, the video signal type VOB_V_KIND, the video
encoding bit rate V_BR, the audio material start time
VOB_AST, the audio material end time VOB_AEND, the audio
coding method VOB_A_KIND, and the audio encoding bit rate

15 A_BR.

The video material start time VOB _VST is the
video encoding start time corresponding to the time of the
video signal.

The video material end time VOB_VEND is the video

20 encoding end time corresponding to the time of the video
signal.

The video material type VOB_V_KIND identifies
whether the encoded material is in the NTSC or PAL format,

for example, or is photographic material (a movie, for
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example) converted to a television broadcast format
(so-called telecine conversion).

The video encoding bit rate V_BR is the bit rate
at which the video signal is encoded.

5 The audio material start time VOB_AST is the
audio encoding start time corresponding to the time of the
audio signal.

The audio material end time VOB_AEND is the audio
encoding end time corresponding to the time of the audio

10 signal.

The audio coding method VOB_A_ KIND identifies the
audio encoding method as AC-3, MPEG, or linear PCM, for
exanple.

The audio encoding bit rate A_BR is the bit rate

15 at which the audio signal is encoded.

The encoding parameters used by the video encoder
300, sub-picture encoder 500, and audio encoder 700, and
system encoder 900 for VOB encoding are shown in Fig. 29.
The encoding parameters include: the VOB number VOB_NO,

20 video encode start time V_STTM, video encode end time
V_ENDTM, the video encode mode V_ENCMD, the video encode
bit rate V_RATE, the maximum video encode bit rate V_MRATE,
the GOP structure fixing flag GOP_Fxflag, the video encode
GOP structure GOPST, the initial video encode data V_INTST,

25 the last video encode data V_ENDST, the audio encode start
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the audio start gap A_STGAP, the audio end gap A _ENDGAP,
the preceding VOB number B_VOB _NO, and the following VOB
5 number F_VOB_NO.

The VOB number VOB _NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The video encode start time V_STTM is the start

10 time of video material encoding.

The video encode end time V_ENDTM is the end time
of video material encoding.

The video encode mode V_ENCMD is an encoding mode
for ‘declaring whether reverse telecine conversion shall be

15 accomplished during video encoding to enable efficient
coding when the video material is telecine converted
material.

The video encode bit rate V_RATE is the average
bit rate of video encoding.

20 The maximum video encode bit rate V_MRATE is the
maximum bit rate of video encoding.

The GOP structure fixing flag GOP_Fxflag
specifies whether encoding is accomplished without changing

the GOP structure in the middle of the video encoding
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process. his 1s a usefu parameter for declaring whether
seamless switch is enabled in a multi-angle scene period.
The video encode GOP structure GOPST is the GOP
structure data from encoding.
5 The initial video encode data V_INTST sets the
initial value of the VBV buffer (decoder buffer) at the
start of video encoding, and is referenced during video
decoding to initialize the decoding buffer. This is a
useful parameter for declaring seamless reproduction with
10 the preceding encoded video stream.
The last video encode data V_ENDST sets the end
value of the VBV buffer (decoder buffer) at the end of
video encoding, and is referenced during video decoding to
initialize the decoding buffer. This is a useful parameter
15 for declaring seamless reproduction with the preceding
encoded video stream.
The audioc encode start time A_STTM is the start
time of audio material encoding.
The audio encode end time A_ENDTM is the end time
20 of audio material encoding.
The audio encode bit rate A RATE is the bit rate
used for audio encoding.
The audio encode method A_ENCMD identifies the

audio encoding method as AC-3, MPEG, or linear PCM, for

25 example.
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between the start of the audio and video presentation at

the beginning of a VOB. This is a useful parameter for

declaring seamless reproduction with the preceding encoded
5 system stream.

The audio end gap A_ENDGAP is the time offset
between the end of the audio and video presentation at the
end of a VOB. This is a useful parameter for declaring
seamless reproduction with the preceding encoded system

10 stream.

The preceding VOB number B_VOB_NO is the VOB_NO
of the preceding VOB when there is a seamlessly connected
preceding VOB.

The following VOB number F_VOB_NO is the VOB _NO

15 of the following VOB when there is a seamlessly connected
following VOB.

The operation of a DVD encoder ECD according to
the present invention is described below with reference to
the flow chart in Fig. 51. Note that the steps shown with

20 a double line are subroutines. It should be obvious that
while the operation described below relates specifically in
this case to the DVD encoder ECD of the present inventioh,
the operation described also applies to an authoring

encoder EC.
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confirming the content of the multimedia source data
streams Stl1l, St2, and St3.

5 At step #200, the scenario editor 100 generates
the scenario data St7 containing the above edit command
information according to the user’s editing instructions.

When generating the scenario data St7 in step
#200, the user editing commands related to multi-angle and
10 parental lock multi-scene periods in which interleaving is
presumed must be input to satisfy the following conditions.
First, the VOB maximum bit rate must be set to

assure sufficient image gquality, and the track buffer
capacity, jump performance, jump time, and jump distance of

15 the DVD decoder DCD used as the reproduction apparatus of
the DVD encoded data must be determined. Based on these
values, the reproduction time of the shortest interleaved
unit is obtained from equations 3 and 4. Based on the
reproduction time of each scene in the multi-scene period,

20 it must then be determined whether equations 5 and 6 are
satisfied. If equations 5 and 6 are not satisfied, the
user must change the edit commands until equations 5 and 6
are satisfied by, for example, connecting part of the

following scene to each scene in the multi-scene period.
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commands matching the audio reproduction time with the
reproduction time of each scene in each angle must be
5 entered. If non-seamless switching is used, the user must
enter commands to satisfy equation 8.
At step #300, the encoding system controller 200
first determines whether the target scene is to be
seamlessly connected to the preceding scene based on the
10 scenario data Sst7.
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 period), a seamless connection refers to
15 T S T R L R (PR [ WPV PR EY VI~ [ ) S LE WL il ally Olle ol e
scenes contained in the 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
20 period.
If step #300 returns NO, i.e., a non-seamless
connection is valid, the procedure moves to step #400.
At step #400, the encoding system controller 200

resets the preceding VOB seamless connection flag VOB_Fsb

25 indicating whether there is a seamless connection between
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the target and preceding scenes. The procedure then moves
to step #600.
On the other hand, if step #300 returns YES,
i.e., there is a seamless connection to the preceding
5 scene, the procedure moves to step #500.
At step #500 the encoding system controller 200
sets the preceding VOB seamless connection flag VOB_Fsb.
The procedure then moves to step #600.
At step #600 the encoding system controller 200
10 determines whether there is a seamless connection between
the target and following scenes based on scenario data St7.
If step #600 returns NO, i.e., a non-seamless connection is
valid, the procedure moves to step #700.
At step #700, the encoding system controller 200
15 resets the following VOB seamless connection flag VOB_Fsf
indicating whether there is a seamless connection with the
following scene. The procedure then moves to step #900.
However, if step #600 returns YES, i.e., there is
a seamless connection to the following scene, the procedure
20 moves to step #800.
At step #800 the encoding system controller 200
sets the following VOB seamless connection flag VOB_Fsf.
The procedure then moves to step #900.

At step #900 the encoding system controller 200

25 determines whether there is more than connection target
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scene, i.e., whether a multi-scene period is selected,
based on the scenario data St7. As previously described,
there are two possible control methods in multi-scene
periods: parental lock control whereby only one of plural

5 possible reproduction paths 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.

10 If step #900 returns NO, i.e., there are not
multiple scenes, the procedure moves to step #1000.

At step #1000 the multi-scene flag VOB_Fp
identifying whether the VOB set comprises plural video
objects VOB (a multi-scene period is selected) is reset,

15 and the procedure moves to step #1800 for encode parameter
production. This encode parameter production subroutine is
described below.

However, 1f step #900 returns YES, there is a
multi-scene connection, the procedure moves to step #1100.

20 At step #1100, the multi-scene flag VOB_Fp is
set, and the procedure moves to step #1200 whereat it is
judged whether a multi-angle connection is selected, or
not.

At step #1200 it is determined whether a change

25 is made between plural scenes in the multi-scene period,
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5 moves to step #1300.

At step #1300 the multi-angle flag VOB_Fm
identifying whether the target connection scene is a
multi-angle scene is reset, and the procedure moves to step
#1302.

10 At step #1302 it is determined whether either the
preceding VOB seamless connection flag VOB_Fsb or following
VOB seamless connection flag VOB_Fsf is set. If step #1302
returns YES, i.e., the target connection scene seamlessly
connects to the preceding, the following, or both the

15 preceding and foilowing scenes, the procedure moves to step
#1304.

At step #1304 the interleave flag VOB_Fi
identifying whether the VOB, the encoded data of the target
scene, is interleaved is set. The procedure then moves to

20 step #1800.

However, if step #1302 returns NO, i.e., the
target connection scene does not seamlessly connect to the
preceding or following scene, the procedure moves to step

#1306.
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reset, and the procedure moves to step #1800.

If step #1200 returns YES, however, i. e., there

is a multi-angle connection, the procedure moves to step
5 #1400.

At step #1400, the multi-angle flag VOB_Fm and
interleave flag VOB_Fi are set, and the procedure moves to
step #1500.

At step #1500 the encoding system controller 200

10 determines whether the audio and video can be seamlessly
switched in a multi-angle scene period, i.e., at a
reproduction unit smaller than the VOB, based on the
scenario data St7. If step #1500 returns NO, i.e.,
non-seamless switching occurs, the procedure moves to step

15 #1600.

At step #1600 the multi-angle seamless switching
flag VOB_FsV indicating whether angle changes within the
multi-angle scene period are seamless or not is reset, and
the procedure moves to step #1800.

20 However, if step #1500 returns YES, i.e.,
seamless switching occurs, the procedure moves to step
#1700.

At step #1700 the multi-angle seamless switching

flag VOB_FsV is set, and the procedure moves to step #1800.
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after the edltlng information is detected from the above
flag settings in the scenario data St7 reflecting the
5 user-defined editing instructions.
Based on the user-defined editing instructions
detected from the above flag settings in the scenario data
St7, information is added to the encoding information
tables for the VOB Set units and VOB units as shown in

10 Figs. 27 and 28 to encode the source streams, and the
encoding parameters of the VOB data units shown in Fig. 29
are produced, in step #1800. The procedure then moves to
step #1900 for audio and video encoding.

The encode parameter production steps (step

15 #1800) are described in greater detail below referring to
Figs. 52, 53, 54, and 55.

Based on the encode parameters produced in step
#1800, the video data and audio data are encoded in step
#1900, and the procedure moves to step #2000.

20 Note that the sub-picture data is normally
inserted during video reproduction on an as-needed basis,
and contiguity with the preceding and following scenes is
therefore not usually necessary. Moreover, the sub-picture
data is normally video information for one frame, and

25 unlike audio and video data having an extended time-base,
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contiguous reproduction as described above, description of
5 sub-picture data encoding is omitted herein for simplicity.
Step #2000 is the last step in a loop comprising
steps #300 to step #2000, and causes this loop to be
repeated as many times as there are VOB Sets. This loop
formats the program chain VIS_PGC#i to contain the
10 reproduction sequence and other reproduction information
for each VOB in the title (Fig. 16) in the program chain
data structure, interleaves the VOB in the multi-scene
periods, and completes the VOB Set data stream and VOB data
streaim needed for system stream encoding. The procedure
15 then moves to step #2100.
At step #2100 the VOB Set data stream is
completed as the encoding information table by adding the
total number of VOB Sets VOBS_NUM obtained as a result of
the loop through step #2000 to the VOB Set data stream, and
20 setting the number of titles TITLE NO defining the number
of scenario reproduction paths in the scenario data St7.
The procedure then moves to step #2200.
System stream encoding producing the VOB (VOB#i)
data in the VTS title VOBS (VISTT_VOBS) (Fig. 16) is

25 acconplished in step #2200 based on the encoded video
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the encode parameters in Fig. 29. The procedure then moves
to step #2300.
At step #2300 the VTS information VTSI, VTSI
5 management table VTSI_MAT, VTSPGC information table
VTS_PGCIT, and the program chain information VTS_PGCI#i
controlling the VOB data reproduction sequence shown in
Fig. 16 are produced, and formatting to, for example,
interleave the VOB contained in the multi-scene periods, is
10 accomplished. The specific steps executed in this
formatting operation are described below with reference to
Figs. 56, 57, 58, 59, and 60.

The encode parameter production subroutine shown

as step #1800 in Fig. 51B is described next using Figs. 52,
15 53, and 54 using by way of example the operation generating
the encode parameters for multi-angle control.

Starting from Fig. 52, the process for generating
the encode parameters of a non-seamless switching stream
with multi-angle control is described first. This stream

20 is generated when step #1500 in Fig. 51 returns NO and the
following flags are set as shown: VOB Fsb = 1 or VOB_Fsf =
1, VOB_Fp = 1, VOB_Fi = 1, VOB_Fm = 1, and VOB_FsV = 0.
The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode

25 parameters shown in Fig. 29.
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VOB Set number VOBS_NO is set, and the VOB number VOB NO is
set for one or more VOB in the VOB Set.

5 At step #1814 the maximum bit rate ILV_BR of the
interleaved VOB is extracted from the scenario data st7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).

10 At step #1816, the minimum interleaved unit
presentation time ILVU MT is extracted from the scenario
data st7.

At step #1818, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP

15 structure fixing flag GOP_Fxflag is set (= 1), based on the
multi-scene flag VOB_Fp setting (= 1).

Step #1820 is the common VOB data setting
routine, which is described below referring to the flow
chart in Fig. 53. This common VOB data setting routine

20 produces the encoding information tables shown in Figs. 27
and 28, and the encode parameters shown in Fig. 29.

At step #1822 the video material start time
VOB_VST and video material end time VOB_VEND are extracted

for each VOB, and the video encode start time V_STTM and
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" VOB_AEND is extracted for each VOB from the scenario data
5t7, and at a time not exceeding the VOB_AEND time. This
10 time extracted at an audio access unit (AAU) is set as the
audio encode end time A_ENDTM which is an audio encoding
parameter. Note that the audio access unit AAU is
determined by the audio encoding method.
At step #1828 the audio start gap A STGAP
15 obtained from the difference between the video encode start
time V_STTM and the audio encode start time A_STTM is
defined as a system encode parameter.
At step #1830 the audio end gap A_ENDGAP obtained
from the difference between the video encode end time
20 V_ENDTM and the audio encode end time A _ENDTM is defined as
a system encode parameter.
At step #1832 the video encoding bit rate V_BR is
extracted from the scenario data St7, and the video encode

bit rate V_RATE, which is the average bit rate of video

25 encoding, is set as a video encoding parameter.
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is extracted from the scenario data St7. If the material
is a film type, i.e., a movie converted to television
broadcast format (so-called telecine conversion), reverse
telecine conversion is set for the video encode mode
V_ENCMD, and defined as a video encoding parameter.

At step #1838 the audio coding method VOB_A KIND
is extracted from the scenario data St7, and the encoding
method is set as the audio encode method A _ENCMD and set as
an audio encoding parameter.

At step #1840 the initial video encode data
V_INTST sets the initial value of the VBV buffer to a value
less than the VBV buffer end value set by the last video
encode data V_ENDST, and defined as a video encoding
parameter.

At step #1842 the VOB number VOB_NO of the
preceding connection is set to the preceding VOB number
B_VOB_NO based on the setting (= 1) of the preceding VOB
seamless connection flag VOB_Fsb, and set as a system
encode parameter.

At step #1844 the VOB number VOB _NO of the

following connection is set to the following VOB number
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of a seamless switching stream with multi-angle control is
described below with reference to Fig. 54. This stream is
10 generated when step #1500 in Fig. 51 returns YES and the
following flags are set as shown: VOB_Fsb = 1 or VOB_Fsf =
1, VOB_Fp = 1, VOB_Fi = 1, VOB_Fm = 1, and VOB_FsV = 1.
The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode
15 parameters shown in Fig. 29.
The following operation produces the encoding
information tables shown in Fig. 27 and Fig. 28, and the
encode parameters shown in Fig. 29.
At step #1850, the scenario reproduction sequence
20 (path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.
At step #1852 the maximum bit rate ILV_BR of the
interleaved VOB is extracted from the scenario data St7,

25 and the maximum video encode bit rate V_MRATE from the
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At step #1856, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP
structure fixing flag GOP_Fxflag is set (= 1), based on the
multi-scene flag VOB_Fp setting (= 1).

10 At step #1858, the video encode GOP GOPST is set
to "closed GOP" based on the multi-angle seamless switching
flag VOB_FsV setting (= 1), and the video encoding
parameters are thus defined.

'Step #1860 is the common VOB data setting

15 routine, which is as described referring to the flow chart
in Fig. 52. 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

20 Set with multi-~angle control as described above.

The process for generating the encode parameters
for a system stream in which parentél lock control is
implemented is described below with reference to Fig. 55.
This stream is generated when step #1200 in Fig. 51 returns

25 NO and step #1304 returns YES, i.e., the following flags
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set for one or more VOB in the VOB Set.
At step #1872 the maximum bit rate ILV_BR of the
10 interleaved VOB is extracted from the scenario data St7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).
At step #1872 the number of interleaved VOB
15 divisions ILV_DIV is extracted from the scenario data St7.
Step #1876 is the common VOB data setting
routine, which is as described referring to the flow chart
in Fig. 52. Further description thereof is thus omitted
here.
20 The encode parameters of a system stream in which
parental lock control is implemented are thus defined for a
VOB Set with multi-scene selection control enabled as
described above.

The process for generating the encode parameters

25 for a system stream containing a single scene is described
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below with reference to Fig. 61. This stream is generated
when step #900 in Fig. 51 returns NO, i.e., when VOB_Fp=0.
The following operation produces the encoding information

tables shown in Fig. 27 and Fig. 28, and the encode

5 parameters shown in Fig. 29.

At step #1880, the scenario reproduction sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS_NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.

10 At step #1882 the maximum bit rate ILV_BR of the
interleaved VOB is extracted from the scenario data st7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).

15 Step #1884 is the common VOB data setting
routine, which is as described referring to the flow chart
in Fig. 52. Further description thereof is thus omitted
here.

These flow charts for defining the encoding

20 information table and encode parameters thus generate the
parameters for DVD video, audio, and system stream encoding
by the DVD formatter.

Formatter flows
The operation of the subroutine executed by the

25 DVD formatter shown as step #2300 in Fig, 51B is described
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formatter subroutine generates the DVD multimedia
bitstream.

The operation of the DVD encoder ECD 1100

5 according to the present invention is described with
reference to the flow chart in Fig. 56. Note that those
steps shown in Fig. 56 with a double line are subroutines.

At step #2310 the program chain information
VIS_PGCI is set to the VTSI management table VTSI_MAT for

10 the number of titles TITLE_NUM Eased on the number of
titles TITLE_NUM in the VOB Set data stream.

At step #2312 it is determined whether
multi-scene selection control is enabled based on the
multi-scene flag VOB_Fp in the VOB Set data stream. If

15 step #2312 returns NO, i.e., multi-scene control is not
enabled, the procedure moves to step #2114.

At step #2314 the operation for coding a single
scene (VOB) executed by the formatter 1100 of the authoring
encoder EC shown in Fig. 25 is accomplished. This routine

20 is described later.

If steb #2312 returns YES, i.e., multi-scene
control is enabled, the procedure moves to step #2116.

At step #2316 it is determined whether the
information is to be interleaved or not based on the

25 interleave flag VOB_Fi state in the VOB Set data stream.
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109&' () - ! e RhBER1Eepved, the procedure moves to step #2314. If step
#2316 returns YES, i.e., the information is to be
interleaved, the procedure moves to step #2318.
5 At step #2318 it is determined whether
multi-angle control is to be implemented 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. If step #2318 returns YES, the
10 procedure moves to step #2322.
At step #2320 the operation for formatting the
VOB Set for parental lock control is executed. This
subroutine is shown in Fig. 59 and described below.
At step #2322 it is determined whether
15 molti-angle ~eamla~s critehing ia rremired based on the
multi~angle seamless switching flag VOB_Fsv. If
multi-angle switching is accomplished without seamless
switching, i.e., with non-seamless switching and step #2322
returns NO, the procedure moves to step #2326.
20 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. 57.
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If multi-angle switching is accomplished with
seamless switching control, i.e., step #2322 returns YES,
the procedure moves to step #2324.
The multi-angle seamless switching control
5 routine executed in step #2324 by the formatter 1100 of the
authoring encoder EC in Fig. 25 is described later with
reference to Fig. 58.
The cell playback information (PCG information
entries C;PBI) of the VTS information VTSI set as
10 previously described is then recorded.
At step #2330 it is determined whether all VOB
Sets declared by the VOB Set number VOBS_NUM have been
processed by the formatter. If NO, control loops back to
step #2312, and the process runs again. If'YES, all sets
15 have been formatted, the procedure terminates.
Referring to Fig. 57, the multi-angle
non-seamless switching control routine executed in step
#2326 when step #2322, Fig. 56, returns NO is described.
This routine defines the interleaved arrangement of the
20 multimedia bitstream MBS, the content of the cell playback
information (C_PBI#i) shown in Fig. 16, and the information
stored to the navigation pack NV shown in Fig. 20, in the
generated DVD multimedia bitstream MBS.
At step #2340 based on the multi-angle flag

25 VOB_Fm setting (= 1) declaring whether multi-angle control
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is applied in the multi-scene period, the cell block mode
CBM (Fig. 16) of the cell playback information blocks C_PBI
#i containing the VOB control information for each scene is
declared according to the position of the angle data. For
5 example, the cell block mode CBM of the MAl cell (Fig. 23)
is declared as 01b to indicate the beginning of the cell
block, the CBM of MA2 is declared as 10b to indicate a cell
between the first and last cells in the block, and the CBM
of MA3 is declared as 11b to indicate the end of the cell
10 block.
At step #2342 based on the multi-angle flag
VOB_Fm setting (= 1) declaring whether multi-angle control
is applied in the multi-scene period, the cell block type
CBT (Fig. 16) of the cell playback information blocks C_PBI
15 #1i containing the VOB control information for each scene is
declared as 0lb to indicate an "angle."
At step #2344 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
20 each scene based on the preceding VOB seamless connection
flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.
At step #2346 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i

25 containing the VOB control information for each scene based
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each scene based on the multi-angle seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.
At step #2350 the location of the navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 900 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved unit
presentation time ILVU _MT information (a formatter

15 parameter obtained in step #1816, Fig. 51), the location of
the VOBU expressed as the number of sectors from the VOB
beginning, for example, is thus obtained, and the title
editing unit VOB is divided into interleave units using
VOBU units.

20 For example, if in this example the minimum
interleaved unit presentation time ILVU MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation operation is applied to the VOB

25 constituting each multi-scene data unit.
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% o0& ()-/] d¥Bgk™ in step #2340 to form the interleaved blocks as shown
in Fig. 37 or 38. The interleaved blocks are then added to
the VTS title VOBS (VTSTT_VOBS). Using the cell block mode
CBM declarations above, for example, the angle data 'MA1l,
MA2, and MA3 (Fig. 23) are arranged in that sequence.
10 At step #2354 the relative sector number from the
VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2350.
At step #2356 the first cell VOBU start address
15 C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)
20 data obtained in step #2352.
The angle #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 VOBU

is written at step #2358. This address is expressed as the

25 relative sector number inside the data of the interleaved
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pqutm‘[Ngioé&g %%rmed in step #2352, and declares the address

information (Fig. 50) of the navigation pack NV contained
in the VOBU of all angle scenes near the presentation start
time of the VOBU being processed.

5 At step #2360 "7FFFFFFFh" is written to the angle
#i VOBU start address NSML_AGL Cl DSTA ~ NSML_AGL_C9 DSTA
of the non-seamless angle information NSML_AGLI (Fig. 20)
in the navigation pack NV of each VOBU if the VOBU being
processed is the last VOBU of each scene in the multi-scene

10 period.

This routine thus formats the interleaved blocks
for multi-angle non-seamless switching control in the
multi-scene period, and formats the cell control
information as the reproduction control information for

15 those multiple scenes.

Referring to Fig. 58, the multi-angle seanless
switching control routine executed in step #2324 when step
#2322, Fig. 56, returns YES is described. This routine
defines the interleaved arrangement of the multimedia

20 bitstream MBS, the content of the cell playback information
(C_PBI#i) shown in Fig. 16, and the information stored to
the navigation pack NV shown in Fig. 20, in the generated
DVD multimedia bitstream MBS.

At step #2370 based on the multi-angle flag

25 VOB_Fm setting (= 1) declaring whether multi-angle control
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is applied in the multi-scene period, the cell block mode
CBM (Fig. 16) of the cell playback information blocks C_PBI
#i containing the VOB control information for each scene is
declared according to the position of the angle data. For
5 example, the cell block mode CBM of the MAl cell (Fig. 23)
is declared as 0l1lb to indicate the beginning of the cell
block, the CBM of MA2 is declared as 10b to indicate a cell
between the first and last cells in the block, and the CBM
of MA3 is declared as 11b to indicate the end of the cell
10 block.
At step #2372 based on the multi-angle flag
VOB_Fm setting (= 1) declaring whether multi-angle control
is applied in the multi-scene period, the cell block type
CBT (Fig: 16) of the cell playback information blocks C_PBI
15 #i containing the VOB control information for each scene is
declared as 01b to indicate an "angle."
At step #2374 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
20 each scene based on the preceding VOB seamless connection
flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.
At step #2376 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i

25 containing the VOB control information for each scene based
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on the preceding VOB seamless connection flag VOB_Fsb
state, which is set to 1 to indicate a seamless connection.
At step #2378 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information
5 blocks C_PBI #i containing the VOB control information for
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 navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 900 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved unit
presentation time ILVU_MT information (a formatter

15 parameter obtained in step #1854, Fig. 53), the location of
the VOBU expressed as the number of sectors from the VOB
beginning, for example, is thus obtained, and the title
editing unit VOB is divided into interleave units using
VOBU units.

20 For example, if in this example the minimum
interleaved unit presentation time ILVU_MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation operation is applied to the VOB

25 constituting each multi-scene data 'unit.
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At step #2382 the interleave units of each VOB

obtained from step #2380 are arranged in the cell block
mode CBM sedquence (cell block peginning, middle, and end
cells) written as the VOB control information for each
5 scene in step #2360 to form the interleaved blocks as shown
in Fig. 37 or 38. The interleaved blocks are then added to
the VTS title VOBS (VTSTT_VOBS). Using the cell block mode
cBM declarations above, for exanmple, the angle data MAl,
MA2, and MA3 (Fig. 23) are arranged in that sequence.
10 At step #2384 the relative sector number from the
voBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2360.
‘At step #2386 the first cell VOBU start address
15 c_FVOBU_SA and the jast cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell pased on the VTS title VOBS (VISTT_VOBS)
20 data obtained in step #2382.
At step #2388 the relative sector number from the
VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on

the interleave unit data obtained in step #2370.
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SML_AGIL_C9 DSTA of the seamless angle information SMI,_AGLI
(Fig. 20) in the navigation pack NV of each VOBU is written
at step #2390. This address is expressed as the relative

5 sector number inside the data of the interleaved blocks
formed in step #2382, and declares the address information
(Fig. 50) of the navigation pack NV contained in the VOBU
of all angle scenes with a start time contiguous to the
reproduction end time of the VOBU being processed.

10 At step #2392 "7FFFFFFFh" is written to the angle
#i VOBU start address SML_AGL_C1l DSTA - SML_AGL C9_DSTA of
the seamless angle information SML_AGLI jFig. 20) in the
navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit arranged in step #2382 is the

15 last interleave unit of each scene in the multi-scene
period.

This routine thus formats the interleaved blocks
for multi-angle seamless switching control in the
multi-scene period, and formats the cell control

20 information as the reproduction control information for
those multiple scenes.

The parental lock subroutine (step #2320, Fig.

56) executed when step #2318 in Fig. 56 returns NO, i.e.,

when it is determined that parental lock control is
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&f()_S;jﬁgéites the interleave unit arrangement of the multimedia
5 bitstream, the content of the PGC information entries C_PBI
#i (cell playback information) shown in Fig. 16, and the
navigation pack NV information shown in Fig. 20, to the
generated DVD multimedia bitstream.
At step #2402 a value "00b" is written to the
10 cell block mode CBM (Fig. 16) of the cell playback
information blocks C_PBI #i containing the VOB control
information for each scene based on the multi-angle flag
VOB_Fm state, which is set to 0 to indicate that
multi-angle control is not enabled in the multi-scene
15 period.
At step #2404 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
each scene based on the preceding VOB seamless connection
20 flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.
At step #2406 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i

containing the VOB control information for each scene based
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on the preceding VOB seamless connection flag VOB_Fsb
state, which is set to 1 to indicate a seamless connection.
At step #2408 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information
5 blocks C_PBI #i containing the VOB control information for
each scene based on the multi-angle seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.
At step #2410 the navigation pack NV position
10 . 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 then detected based on the number of interleaved VOB
divisions ILV_DIV, a formatter parameter obtained in step
15 #1874 in Fig. 55, to obtain the VOBU position information
(number of sectors from the VOB start), and divide each VOB
into the specified number of interleave units in VOBU
units.
At step #2412 the interleave units obtained in
20 step #2410 are then interleaved. For example, the
interleave units are arranged in ascending VOB number
sequence to create the interleaved blocks as shown in Fig.
37 or 38, and the interleaved blocks are added to the VTS

title VOBS (VTSTT_VOBS).
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VOBU start is written to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2186.

5 At step #2416 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last

10 VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)
data obtained in step #2412.

At step #2418 the relative sector number to the
last interleave unit pack is written to the ILVU end pack
address ILVU_EA in the navigation pack NV of the VOBU

15 forming the interleaved units based on the interleaved unit
data obtained from step #2412.

At step #2420, the relative sector number in the
interleaved block data formed in step #2412 is written to
the next-ILVU start address NT_ILVU_SA as the position

20 information of the next ILVU in the navigation packs NV of
the VOBU contained in the interleaved unit ILVU.

At step #2422 the interleaved unit flag ILVU flag
is set to 1 in the navigation packs NV of the VOBU

contained in the interleaved unit ILVU.



Yy S& f&$109B& () -! 109B& () -

1 1098& ()-! $$109BB& () - 109B& () - 910%B& () - aBbC
Yy  S& , S/ $109B& ()-' ! 109B& ()-s! cSO$&10YBBE ()-1" 109B&

% l}lovember 2002

1 10988 ()-109B& ()-%j dYNC !Yy S& 10B 10B

10B8&10YBE () - 6f 109B&' () - 4S109B& () - 3109B& () - 31109B& ()-% M ; a?YNC
| Yy S& Pq&l0% ()- ~8"10% & ()-L-<€3@P6 ~& ()-g!L- &10%

& ()-9910% & ()-1GlO% & ()-;%v }ASH= !Yy' 10: 10: 10:

1"10% &' () - @&10% & ()-F | v@&&L0%&' ()-F s$mL0% & () -! 3q&L0%m&’ () -
10: Y10%&' () - F109& ()-1S 109 ()-s 10%& ()-  10%&' ()-! F10% ()- oLdESH=

IYy"
IYy®

10

15

20

25

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.

At step #2426 "FFFFFFFFh" is written to the
next-ILVU start address NT_ILVU SA of the navigation pack
NV of the VOBU in the last interleaved unit ILVU of each
VOB.

The operation described above thus formats the
interleaved blocks to enable parental lock control in the
multi-scene periods, and formats the control information in
the cells, i.e., the cell playback control information for
the multi-scene periods.

The single scene subroutine executed as step
#2314 -in Fig. 56 when steps #2312 or #2316 return NO, i.e.
, when the scene is determined to be a single scene and not
a multi-scene period, is described next using Fig. 60.

The single scene subroutine described below
writes the interleave unit arrangement of the multimedia
bitstream, the content of the PGC information entries C_PBI
#i (cell playback information) shown in Fig. 16, and the
navigation pack NV information shown in Fig. 20, to the
generated DVD multimedid& bitstream.

At step #2430 a value "00b" indicating a
"non-cell block", i.e., that there is only one cell in the

functional block, is written to the cell block mode CBM

: odESH=



10:3!10%&f§)-g&10%&f§)- Fl 10%@f()-YlO%&f()-FIO%&T()-sflp%&f()-L~aB7: 'y
ﬁ?%?igégy%)EéhﬁLiO%?Y(ibfflow& ()- F(C'i0m& ()'S&Z#loA&'&2November2002
"109%& ()-&MA0%& ()-L4"10%& ()-&10%& ()-!F10%& ()- 10 10n7qdEK= !Y 10
"109&' ()- 109 ()-$109& ()-&3"10%& ()-LF10%& ()-ylO0%& ()-ZaBK= Y
10L+10%& () -*10%& ()-3(s!10%& ()-s$pplo%& ()-! Fs$S&10% & ()-"
"109%&' ()-6789IxnmbC !'Y 10!'F10% & ()- 10 10 10f93%40% ()-1
109%&' () -sy/#109%&' ()- -10% ()-JR}[<nmbC 'Y
10S&10% d& () - g! AbS&10%&' ()-g! 9L, &10%t& ()-!L, &0%.dLd& ()-)L8"10% & ()-91
0% & ()--i3}~r?mbC 'Y
(Fig. 16) of the cell playback information blocks C_PBI #i
containing the VOB control information for each scene based
on the multi-scene flag VOB _Fp state, which is set to 0 to
indicate that the scene is a single scene and not part of a
5 multi-scene period.

At step #2432 the interleaved allocation flag IAF
(Fig. 16) is set to 0 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

10 VOB_FsV state, which is set to 0 to indicate interleaving
is not required.

At step #2434 the navigation pack NV position
information (the relative sector number from the VOB start)
is detected from the title editing unit (VOB) obtained from

15 the system encoder 900 (Fig. 25), placed in the VOBU unit,
and added to the VTS title VOBS (VISTT VOBS), the video and
other stream data of the multimedia bitstream.

At step #2436 the relative sector number from the
VOBU start is written to the VOB end pack address VOBU_EA

20 (Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2434.

At step #2438 the first cell VOBU start address

C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA

expressed as the number of sectors from the beginning of

25 and the end of, respectively, the VTS title VOBS
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| based on the VTS title VOBS (VTSTT _VOBS) data obtained in
step #2434.

5 At step #2440 the state determined as a result of
step #300 or #600 in Fig. 51, i.e., whether preceding VOB
seamless connection flag VOB_Fsb is set to 1 indicating a
seamless connection to the preceding or following scenes,
is evaluated. If step #2440 returns YES, the procedure

10 moves to step #2442.

At step #2442 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
each scene based on the preceding VOB seamless connection
15 flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.
At step #2444 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i
containing the VOB control information for each scene based
20 on the preceding VOB seamless connection flag VOB_Fsb
state, which is set to 1.
If step #2440 returns NO, i.e., there is not a
seamless connection to the preceding scene, the procedure

moves to step #2446.
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(Fig. 16) is set to 0 in the cell playback information
blocks C_PBI #i containing the VOB control information for
each scene based on the preceding VOB seamless connection

5 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
containing the VOB control information for each scene based |

10 on the preceding VOB seamless connection flag VOB_Fsb
state, which is set to 0.

The operation described above thus formats a
multimedia bitstream for a single scene period, and records
the control information in the cells, i.e., the cell

15 playback control information (C_PBI #i, Fig. 16), and the
information in the navigation pack NV (Fig. 20), to the
produced DVD multimedia bitstream.

Decoder flow charts
Digk-to-stream buffer transfer flow

20 The decoding information table produced by the
decoding system controller 2300 based on the scenario
selection data St51 is described below referring to Figs.
62 and 63. The decoding information table comprises the
decoding system table shown in Fig. 62, and the decoding

25 table shown in Fig. 63.
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comprises a scenario information register and a cell
information register. The scenario information register
records the title number and other scenario reproduction
5 information selected by the user and extracted from the
scenario selection data St51. The cell information
register extracts and records the information required to
reproduce the cells constituting the program chain PGC
based on the user-defined scenario information extracted

10 into the scenario information register.

More specifically, the scenario information
register contains plural sub-registers, i.e., the angle
number ANGLE NO _reg, VTS number VTS _NO_reg, PGC number
VTS_PGCI_NO_reg, audio ID AUDIO_ID reg, sub-picture ID

15 SP_ID reg, and the system clock reference SCR buffer
SCR_buffer.

The angle number ANGLE NO reg stores which angle
is reproduced when there are multiple angles in the
reproduction program chain PGC.

20 The VTS number VTS _NO_reg records the number of
the next VTS reproduced from among the plural VTS on the
disk.

The PGC number VTS_PGCI_NO_reg records which of

the plural program chains PGC present in the video title
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The audio ID AUDIO_ID reg records which of the
plural audioc streams in the VIS are to be reproduced.

5 The sub-picture ID SP_ID_reg records which of the
plural sub-picture streams is to be reproduced when there
are plural sub-picture streams in the VTS.

The system clock reference SCR buffer SCR_buffer
is the buffer for temporarily storing the system clock

10 reference SCR recorded to the pack header as shown in Fig.
19. As described using Fig. 26, this temporarily stored
system clock reference SCR is output to the decoding system
controller 2300 as the bitstream control data Sté63.

The cell information register contains the

15 following sub-registers: the cell block mode CBM reg, cell
block type CBT_reg, seamless reproduction flag SPF_req,
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

20 address C_LVOBU_SA reg.
The cell block mode CBM reg stores a value
indicating whether plural cells constitute one functional
block. If there are not plural cells in one functional

block, CBM_reg stores N_BLOCK. If plural cells constitute

25 one functional block, the value F_CELL is stored as the
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CBM_reg value of the first cell in the block, L_CELL is

stored as the CBM_reg value of the last cell in the block,
and BLOCK is stored as the CBM_reg of value all cells
between the first and last cells in the block.

5 The cell block type CBT reg stores a value
defining the type of the block indicated by the cell block
mode CBM_reg. If the cell block is a multi-angle block,
A_BLOCK is stored; if not, N_BLOCK is stored.

The seamless reproduction flag SPF_reg stores a

10 value defining whether that cell is seamless connected with
the cell or cell block reproduced therebefore. If a
seamless connection is spec;fied, SML is stored; if a
seamless connection is not specified, NSML is stored.

The interleaved allocation flag IAF reg stores a

15 value identifying whether the cell exists in a contiguous
or interleaved block. If the cell is part of a an .
interleaved block, ILVB is stored; otherwise N_ILVB is
stored.

The STC resetting flag STCDF defines whether the
20 system time clock STC used for synchronization must be
reset when the cell is reproduced; when resetting the
system time clock STC is necessary, STC_RESET is stored; if
resetting is not necessary, STC_NRESET is stored.
The seamless angle change flag SACF_reg stores a

25 value indicating whether a cell in a multi-angle period



10: i aaaab8bj bdE:/ 10: ™"

10% & ()-! 10% & ()-L3410% & ()- S10% & ()-Ls10% & ()-

F10% & ()-j bbbccNej cdE:/  10:. " 10% & ()-",, 10% & () - 14 November 2002
*x_10% & ()-(10% & ()-&F#10% & ()-$ ! 10% & () -j cccc’ d] drd_d* ddYNC 10: 10t
10t 10t1 7t 10% & ()-5! 10% & () - ‘310% & ()- 110% & ()-/2%40% & ()- °dqdyddde:
edEYNC 10: L109%K: ()- LLO%VE (

10%VE’ () - M 109V’ () - f 10%0VE! ()-Iyefo%/& ()-:el eLf sfffgdEYNC 10:

C# 1 109%VR' () - L! 109%VE' () - LI 109%V& () - LO%VE' () -

10%v&' () -9@#10%v&' () - gPggggg#hdEYNC 10:. 1. 10%wW () -
, 10908 ()- " *10%v&' ()- (10%VE' ()- & #10%W' ()- % 10%v& () #hBhshhhhhi i dE: /
10M 10MD10%VK' () - 37F10%VE& ()- 5@ 0% ()- 3 10%W& () - 109%V& () -

f‘gol/f?/f‘)(%bﬁb IJ{’%;E@B/@E&B )I\/%'ell %&]8 YlO%& %}%%ﬁé’?e- If the
angle change is seamless, the seamless angle change flag
SACF is set to SML; otherwise it is set to NSML.

The first cell VOBU start address C_FVOBU_SA reg

5 stores the VOBU start address of the first cell in a block.
The value of this address is expressed as the distance from
the logic sector of the first cell in the VTS title VOBS
(VISTT_VOBS) as measured by and expressed (stored) as the
number of sectors.

10 The last cell VOBU start address C_LVOBU_SA reg
stores the VOBU start address of the last cell in the
block. The value of this address is also expressed as the
distance from the logic sector of the first cell in the VTS
title VOBS (VTISTT_VOBS) measured by and expressed (stored)

15 as the number of sectors.

The decoding table shown in Fig. 63 is described
below. As shown in Fig. 63, the decoding table comprises
the following registers: information registers for
non-seamless multi-angle control, information registers for

20 seamless multi-angle control, a VOBU information register,
and information registers for seamless reproduction.

The information registers for non-seamless
multi-angle control comprise sub-registers

NSML_AGL_C1 DSTA reg - NSML_AGL_C9 DSTA reg.
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record the NMSL AGL Cl _DSTA - NMSL_AGL _C9 DSTA values in
the PCI packet shown in Fig. 20.
The information registers for seamless
5 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.

10 The VOBU information register stores the end pack
address VOBU_EA in the DSI packet shown in Fig. 20.

The information registers for seamless
reproduction comprise the following sub-registers: an
interleaved unit flag ILVU_flag_reg, Unit END flag

15 UNIT_END flag_reg, Interleaved Unit End Address
ILVU_EA regq, Next Interleaved Unit Start Address
NT ILVU_SA reg, the presentation start time of the first
video frame in the VOB (Initial Video Frame Presentation
Start Time) VOB_V_SPTM_reg, the presentation end time of
20 the last video frame in the VOB (Final Videc Frame
Presentation Termination Time) VOB_V_EPTM_reg, audio
reproduction stopping time 1 VOB_A STP PTM1_reg, audio
reproduction stopping time 2 VOB_A STP_PTM2 reg, audio
reproduction stopping period 1 VOB_A GAP_LEN1l reg, and

25 audio reproduction stopping period 2 VOB_A GAP_LEN2 reg.
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the value indicating whether the video object unit VOBU is
in an interleaved block, and stores ILVU if it is, and
N_ILVU if not.
5 The Unit END flag UNIT_END flag reqg stores the
value indicating whether the video object unit VOBU is the
last VOBU in the interleaved unit ILVU. Because the
interleaved unit ILVU is the data unit for continuous
reading, the UNIT_END_flag reg stores END if the VOBU
10 currently being read is the last VOBU in the interleaved
unit ILVU, and otherwise stores N_END.
The Interleaved Unit End Address ILVU_EA reg
stores the address of the last pack in the ILVU to which
the VOBU belongs if the VOBU is in an interleaved block.
15 This address is expressed as the number of sectors from the
navigation pack NV of that VOBU.
The Next Interleaved Unit Start Address
NT_ILVU SA reg stores the start address of the next
interleaved unit ILVU if the VOBU is in an interleaved
20 block. This address is also expressed as the number of
sectors from the navigation pack NV of that VOBU.
The Initial Video Frame Presentation Start Time

register VOB_V_SPTM reg stores the time at which

presentation of the first video frame in the VOB starts.
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The Final Video Frame Presentation Termination
Time register VOB_V_EPTM reg stores the time at which
presentation of the last video frame in the VOB ends.
The audio reproduction stopping time 1
5 VOB_A STP_PTM1_reg stores the time at which the audio is to
be paused to enable resynchronization, and the audio
reproduction stopping period 1 VOB_A GAP_LEN1l reg stores
the length of this pause period.
The audio reproduction stopping time 2
10 VOB_A_STP_PTM2_reg and audio reproduction stopping period 2
VOB_A GAP_LEN2_reg store the same values.
The operation of the DVD decoder DCD according to
the present invention as shown in Fig. 26 is described next
below with reference to the flow chart in Fig. 69.
15 At step #310202 it is first determined whether a
disk has been inserted. If it has, the proéedure moves to
step #310204.
At step #310204, the volume file structure VFS
(Fig. 21) is read, and the procedure moves to step #310206.
20 At step #310206, the video manager VMG (Fig. 21)
is read and the video title set VTS to be reproduced is
extracted. The procedure then moves to step #310208.
At step #310208, the video title set menu address
information VTSM_C_ADT is extracted from the VTS

25 information VTSI, and the procedure moves to step #310210.
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VITSM_VOBS is read from the disk based on the video title
set menu address information VTSM_C_ADT, and the title
selection menu is presented.

5 The user is thus able to select the desired title
from this menu in step #310212. If the titles include both
contiguous titles with no user-selectable content, and
titles containing audio numbers, sub-picture numbers, or
multi-angle scene content, the user must also enter the

10 desired angle number. Once the user selection is
completed, the procedure moves to step #310214.

At step #310214, the VTS_PGCI #i program chain
(PGC) data block corresponding to the title number selected
by the user is extracted from the VISPGC information table

15 VIS_PGCIT, and the procedure moves to step #310216.

Reproduction of the program chain PGC then begins
at step #310216. When program chain PGC reproduction is
finished, the decoding process ends. If a separate title
is thereafter to be reproduced as determined by monitoring

20 key entry to the scenario selector, the title menu is
presented again (step #310210).

Program chain reproduction in step #310216 above
is described in further detail below referring to Fig. 64.
The program chain PGC reproduction routine consists of

25 steps #31030, #31032, #31034, and #31035 as shown.
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At step #31030 the decoding system table shown in
Fig. 62 is defined. The angle number ANGLE NO reg, VTS
number VIS_NO_reg, PGC number VTS _PGCI_NO_reg, audio ID
AUDIO_ID_reg, and sub-picture ID SP_ID reg are set
5 according to the selections made by the user using the
scenario selector 2100.
| Once the PGC to be reproduced is determined, the
corresponding cell information (PGC information entries
C_PBI #]j) 1s extracted and the cell information register is
10 defined. The sub-registers therein that are defined are
the cell block mode CBM_reg, cell block type CBT reg,
seamless reproduction flag SPF_reg, interleaved allocation
flag IAF_reg, STC resetting flag STCDF, seamless angle
change flag SACF_reg, first cell VOBU start address
15 C_FVOBU_SA reg, and last cell VOBU start address
C_LVOBU_SA req.
Once the decoding system table is defined, the
process transferring data to the stream buffer (step
#31032) and the process decoding the data in the stream
20 buffer (step #31034) are activated in parallel.
The process transferring data to the stream
buffer (step #31032) is the process of transferring data
R from the recording medium M to the stream buffer 2400.

This is, therefore, the processing of reading the required

25 data from the recording medium M and inputting the data to
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information and the playback control information
(navigation packs NV) written in the streanm.
The routine shown as step #31034 is the process
5 for decoding the data stored to the stream buffer 2400
(Fig. 26), and outputting the decoded data to the video
data output terminal 3600 and audio data output terminal
3700. Thus, is the process for decoding and reproducing
the data stored to the stream buffer 2400.
10 Note that step #31032 and step #31034 are
executed in parallel.

The processing unit of step #31032 is the cell,
and as processing one cell is completed, it is determined
in step #31035 whether the domplete program chain PGC has

15 been processed. If processing the complete program chain
PGC is not completed, the decoding system table is defined
for the next cell in step #31030. This loop from step
#31030 through step #31035 is repeated until the entire
program chain PGC is processed.

20 The stream buffer data transfer process of step
#31032 is described in further detail below referring to
Fig. 70. The stream buffer data transfer process (step
#31032) comprises steps #31040, #31042, #31044, #31046, and

#31048 shown in the figure.
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#30144.
At step #31044 the non-multi-angle cell decoding
5 process is executed.

However, if step #30140 returns YES because the
cell is a multi-angle cell, the procedure moves to step
#30142 where the seamless angle change flag SACF is’
evaluated to determine whether seamless angle reproduction

10 is specified.

I1f seamless angle reproduction is specified, the
seamless multi-angle decoding process is executed in step
#30146. If seamless angle reproduction is not specified,
the non-seamless multi-angle decoding process is executed

15 in step #30148.

The non-multi-angle cell decoding process (step
#31044, Fig. 70) is described further below with reference
to Fig. 71. ©Note that the non-multi-angle cell decoding
process (step #31044) comprises the steps #31050, #31052,

20 and #31054.

The first step #31050 evaluates the interleaved

allocation flag IAF reg to determine whether the cell is in

an interleaved block. If it is, the non-multi-angle

interleaved block process 1is executed in step #31052.
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The non-multi-angle interleaved block process
(step #31052) processes scene branching and connection
where seamless connections are specified in, for example, a
multi-scene period.

5 However, 1f the cell is not in an interleaved
block, the non-multi-angle contiguous block process is
executed in step #31054. Note that the step #31054 process
is the process executed when there is no scene branching or
connection.

10 The non-multi-angle interleaved block process
(step #31052, Fig. 71) is described further below with
reference to Fig. 72.

At step #31060 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the

15 C_FVOBU_SA reg register.

More specifically, the address data
C_FVOBU_SA reg stored in the decoding system controller
2300 (Fig. 26) is input as bitstream reproduction control
signal St53 to the reproduction controller 2002. The

20 reproduction controller 2002 thus controls the recording
media drive unit 2004 and signal processor 2008 to move the
reading head 2006 to the specified address, data is read,
error correction code ECC and other signal processing is
accomplished by the signal processor 2008, and the cell

25 start VOBU data is output as the reproduced bitstream Sté61l
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step #31062.

At step #31062 the DSI packet data in the

navigation pack NV (Fig. 20) is extracted in the stream

5 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 regq,
VOB_V_SPTM_reg, VOB_V_EPTM_reg, VOB_A STP PIM1 reg,
VOB_A STP_PTM2_reg, VOB_A GAP LEN1 reg, and

10 VOB_A_GAP_LEN2_reg.

At step #31064 the data from the first cell VOBU
start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA_reg, i.e., the data for one interleaved unit ILVU,
is transferred to the stream buffer 2400. The procedure

15 then moves to step #31066.

More specifically, the address data ILVU_EA_reg
stored in the decoding system controller 2300 (Fig. 26) is
supplied to the reproduction controller 2002. The
reproduction controller 2002 thus controls the recording

20 media drive unit 2004 and signal processor 2008 to read the
data to the ILVU_EA reg address, and after error correction
code ECC and other signal processing is accomplished by the
signal processor 2008, the data for the first ILVU in the
cell is output as the reproduced bitstream St61 to the

25 stream buffer 2400. It is thus possible to output the data
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110% & (29104 %Jr)t’llgq% & hdar TOFVLAOREL ¢ 11vU 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
5 and transferred. If the interleaved 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
interleaved units in the interleaved block have thus been
10 processed, the procedure moves to step #31068.

At step #31068 the reading head 2006 is again
jumped to the address NT_ILVU_ SA reg of the next interleave
unit to be reproduced, and the procedure loops back to step
#31062. Note that this jump'is also accomplished as

15 described above, and the loop 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.

20 The non-multi-angle interleaved block process
(step #31052) thus transfers the data of one cell to the
stream buffer 2400.

The non-multi-angle contiguous block process is

executed in step #31054, Fig. 71, is described further

25 below with reference to Fig. 73.
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described above, and the loop from step #31072 to step
5 #31076 is initiated.

At step #31072 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and the
procedure moves to step #31074. The registers set in the

10 decoding table are the VOBU_EA reg, VOB_V_SPTM regq,
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 #31074 the data from the first cell VOBU
start address C_FVOBU_SA reg to the end pack address

15 VOBU_EA_reg, i.e., the data for one video object unit VOBU,
is transferred to the stream buffer 2400. The procedure
then moves to step #31076. The data for one video object
unit VOBU contiguously arrayed to the recording medium M
can thus be transferred to the stream buffer 2400.

20 At step #31076 it is determined whether all cell
data has been transferred. If all VOBU in the cell has not
been transferred, the data for the next VOBU is read
continuously, and the process loops back to step #31070.

However, if all VOBU data in the cell has been

25 transferred as determined by the C_LVOBU SA_reg value in
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step #31076, the non-multi-angle contiguous block process
(step #31054) terminates. This process thus transfers the
data of one cell to the stream buffer 2400.
Another method of accomplishing the
5 non-multi-angle cell decoding process (step #31044, Fig.
70) is described below with reference to Fig. 74.

At step #31080 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU _SA reg, and the
first VOBU data in the cell is transferred to the stream

10 buffer 2400. The procedure then moves to step #31081.

At step #31081 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the streanm
buffer 2400, the decoding table is defined, and the
procedure moves to step #31082. The registers set in the

15 decoding table are the SCR_buffer, VOBU_EA reg,
ILVU_flag_reg, UNIT_END_flag reg, ILVU_EA req,

NT_ILVU_SA reg, VOB_V_SPTM reg, VOB_V_EPTM reg,
VOB_A_STP_PTM1l_reg, VOB_A_STP_PTM2_reg, VOB_A GAP_LEN1l reg,
and VOB_A GAP_LEN2_reg.

20 At step #31082 the data from the first cell VOBU
start address C_FVOBU_SA_reg to the end pack address
VOBU_EA reg, i.e., the data for one video object unit VOBU,
is transferred to the stream buffer 2400. The procedure

then moves to step #31083.
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At step #31083 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.

5 At step #31084 it is determined whether the VOBU
is the last VOBU in the interleaved unit. If not, the
process loops back to step #31081. If so, the procedure
advances to step #31085. It is thus possible to transfer
one cell of data in VOBU units to the stream buffer 2400.

10 The loop from step #31081 to step #31084 repeats
as described above.

At step #31085 it is 'determined whether the
interleaved unit ILVU is the last in the interleaved block.
If so, step #31044 terminates. If not, the procedure

15 advances to step #31086.

At step #31086 the reading head 2006 is jumped to
the address NT ILVU _SA_reg of the next interleave unit, and
the procedure loops back to step #31081. It is thus
possible to transfer the data for one cell to the stream

20 buffer 2400.

The seamless multi-angle decoding process
executed in step #30146, Fig. 70, is described below
referring to Fig. 75.

At step #31090 the reading head 2006 is jumped to

25 the first cell VOBU start address C_FVOBU_SA read from the
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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 loop from step
#31091 to step #31095 is initiated.

At step #31091 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and the
procedure moves to step #31092. The registers set in the
decoding table are the ILVU EA reg, SML _AGL_Cl DSTA_reg -
SML_AGL_C9_DSTA reg, VOB_V_SPTM reg, VOB_V_EPTM_ reg,

VOB_A STP_PTM1 reg, VOB_A_STP_PTM2 reg, VOB_A_GAP__LEﬁl_reg,
and VOB_A_GAP_LEN2 reg.

At step #31092 the data from the first cell VOBU
start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA_reg, i.e., the data for one ILVU, is transferred to
the stream buffer 2400. The procedure then moves to step
#31093. It is thus possible to output the data for one
contiguous interleaved unit ILVU on the recording medium M
to the stream buffer 2400.

At step #31093 the ANGLE_NO reg is updated, and
the procedure moves to step #31094. This update operation
resets the ANGLE_NO reg to the angle number of the angle
selected by the user when the user changes the angle using

the scenario selector 2100 (Fig. 26).

14 Nawgypber 902

dEHC
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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 ILVU in the cell have been transferred, the

5 process terminates.

At step #31095 the reading head 2006 is jumped to
the next angle (SML_AGL C#n_reg), and the process loops
back to step #31091. Note that SML_AGL C#n_req is the
address of the angle to which the ANGLE_NO_reg was updated

10 in step #31093.

It is thus possible to transfer the data for the
angle selected by the user to the stream buffer 2400 in
ILVU units.

The non-seamless multi-angle decoding process is

15 executed in step #30148, Fig. 70, is described below
referring to Fig. 65.

At step #31100 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU_SA_reg register, and the first VOBU data in the

20 cell is transferred to the stream buffer 2400. The
procedure then moves to step #31101. This jump is also
accomplished as described above, and the loop from step
#31101 to step #31106 is initiated.

At step #31101 the DSI packet data in the

25 navigation pack NV (Fig. 20) is extracted in the stream
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Y ( )NSML_AGL_CQ_DSTA_reg , VOB_V_SPTM_reg, VOB_V_EPTM reg,
5 VOB_A_STP_PTM1_reg, VOB_A_STP_PTM2 reg, VOB_A GAP_LEN1 reg,
and VOB_A GAP_LEN2 regd.
At step #31102 the data from the first cell VOBU
start address C_FVOBU_SA reg to the end pack address
VOBU_EA reg, i.e., the data for one VOBU, is transferred to
10 the stream buffer 2400. The procedure then moves to step
#31103. It is thus possible to output the data for one
contiguous video object unit VOBU on the recording medium M
to the stream buffer 2400.
At step #31103 the ANGLE NO_reg is updated, and
15 the procedure moves to step #31104. This update operation
resets the ANGLE NO _reg to the angle number of the angle
selected by the user when the user changes the angle using
the scenario selector 2100 (Fig. 26).
At step #31104 it is determined whether the angle
20 cell data has all been transferred. If all VOBU in the
cell have not been transferred, the procedure moves to step
#31105. If all VOBU in the cell have been transferred, the
process terminates.
At step #31105 the reading head 2006 is jumped to

25 the next angle (NSML_AGL C#n_reg), and the process advances
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! 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
5 angle selected by the user to the stream buffer 2400 in
VOBU units.
Step #31106 is an effective step for high speed
angle switching, and simply clears the stream buffer 2400.
By thus clearing the stream buffer 2400 the data for the
10 newly selected angle can be reproduced without reproducing
the angle data that is still not decoded. In other words,
clearing the stream buffer 2400 enables faster response to
user operations.
It is very important that DVD decoder according
15 to the present invention can promptly moves to the next
data reading process and effectively performs the data
reading once after the detection of the end of data such as
interleave unit ILVU and video object unit VOBU for the
sake of seamless reproduction which is one of main targets
20 of the present invention.
With reference to Fig. 66, a construction of the
stream buffer 2400 which can performs the end detection of
interleave unit ILVU is described briefly. The stream

buffer 2400 comprises a VOB buffer 2402, a system buffer

25 2404, a navigation pack extractor 2406, and a data counter



10X S10%&' ()-!F10% ()- 10 10
10@9L$109%& ()-110%& ()- @' 10%&' ()-"00001?12dELC ! 10X L!LO%& ()= BERY& () -
L109% ()-1 109 ()-M 10%& ()-9S10%&' ()- 2V2}223[ 3| 3dEbLC ! ﬂfg&(&’é&b& 5
(910%&' ()-&%A0%& ()-,# 109%& ()-L! 109%& () -
| 109&' ()-yMB10%&' ()-| 33341 4{44dEbC ! 10X 310%& ()-210%& ()-fO#10%& () -
F.109%& ()-y, 109& ()-* 109 ()-445555)515 5bC ! 10X
Lz10%E' ()-f10%v& ()-! GLO%W ()- 1Q@240 107109%& ()-5 109% ()- 55566&7P7z[ <bC
I 10Yz10%v&' ()-y&10%VE ()-L10%WE ()-!; &% 0%
& ()-"1+&y %0 YXY& ()-'!&Y%WO0WR ()-' P777798_8nBdELC !
10*GLO%E' () -(:!10%v& ()-& YA0%VE ()-$10%vVE ()-#! 10%WK ()-L& 109K ()-
nB889D9y99dELC ! 10 510%v& ()- 310%WK' () -
1Y10%VE' ()-0%$10%v& ()-F3.s!10%& ()- f, @O%E& ()-99::::.:6: :bC
2408. The system buffer 2404 temporarily stores the title
control data VISI(Fig. 16) included in signal Sté61, and
outputs a control information St2450 (St63) such as
VTS_PGC.
5 The VOB buffer 2402 temporarily stores the title
VOB data VTSTT_VOB (Fig. 1002), and the stream St67 to the
system decoder 2500.

The NV (navigation pack) extractor 2406 reéeives
the VOB data at the same time with the VOB buffer 2402, and

10 extracts the navigation pack NV therefrom. The NV
extractor 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 (St63).

15 The data counter 2408 receives the VOB data at
the same time with the VOB buffer 2402, and counts each of
pack data shown in Fig. 19 byte by bye. Then, the data
counter 2408 produces a pack input terminating signal
St2454 (St63) at the time when the inputting of pack data

20 is completed.

Due to its construction shown in Fig. 66, the
stream buffer 2400 performs the VOBU data transfer as
examples at step #31064 of Fig. 72, as follows. The stream
buffer 2400 outputs the VOBU data for the NV extractor 2406

25 and data counter 2408 at the same time when the VOBU buffer



I 10Y L10%& () - 910%@&f()-'F10%@&f() 10N‘10M

18%?()/()19%%3&' ?)7 %?r;ﬁ/g‘cy&' 0 10%8 ?)E bfocygépl(i- S 10% é@?vemb$3°%<

=dEbC ! 10$ !10%& ()-,"!10%& ()-F le%@&'()-lOW & ()-

10%¢&' ()-L10%& () - =D=v===">[>dEbC ! 10/"10%@&f()-,-'!lo%g&f()-,

10%& ()-9* 109%9& ()-F F(310%g& (J)94£9! 10%9& () - [>{>>>?T?U?V?WPdYNC ! 10

10g 10g 10999 10%& ()-F710%& ()- T5!/10%& ()-Y

310%& ()-110%& () - Wh?n??B@a@ ? YNC !

109&10% &' () -! E&#1098d8d& () - @ &#10% / & () - ®Z10% & ()-f10% & ()-!Z10% & ()

- GBASAABPBJEYNC ! 10 %810% &' () - @

10% & ()- '10% & ()- $10% & ()-!'10% & ()-10% & () - PBBBBBOCcCAEYNC
2400 receives the VOBI data on the top of interleave unit
ILVU. 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 outputs thereof

5 as signal 5t2452 (St63) to the decode system controller

2300 (Fig. 26).

The decode system controller 2300 stores the
signal St2452 into the ILVU_EA reg and NT_ILVU SA reg, and
then start to counts the number of packs based on the pack

10 terminating signal 2452 from the data counter 2408. Based
on the fore mentioned the counted value of packs and
ILVU_EA reg, the decode system controller 2300 detects the
instance when the inputting of final pack data of ILVU is
completed, or the inputting final byte data of the final

15 pack of the ILVU is completed. Then, the controller 2300
further give a command for the bitstream reproducer 2000 to
move to the position having a sector address indicated by
NT_ILVU_SA reg. The bitstream producer 2000 moves to the
sector address indicated NT_ILVU SA reg, and starts to read

20 the data. Thus, the detection of final end of ILVU and
reading process for the next ILVU can be performed
effectively.

In the above, an example where the multimedia

data MBS is reproduced by the bitstream reproducer 2000

25 without a buffering process, and is inputted to the stream
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processor 2008 of the bitstream reproducer 2000 is
incorporated with a buffer for error correction process,
for example, the controller 2300 gives a moving command to
5 reproducer 2000 so that the reproducer 2000 moves to the
reading position indicated by NT_ILVU SA reg after
completion of the final pack data of fore mentioned ILVU
and clearing the internal buffer of the reproducer 2000.
Thus, the effective reproduction of ILVU data even when the
10 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. 66). In
other words, the bitstream reproducer 2000 generates the
pack input completion signal St62; the decode system
controller 2300 gives a command based on the signal steé2
the bitstream reproducer 200 to move to the reading
20 position having sector address designated by
NT_ILVU_SA reg. As apparent from the above, the data can
be transferred effectively even when the bitstream

reproducer 2000 has a function to buffer the data

reproduced from the recording media M.
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respect to the interleave unit ILVU can be used for the
detection VOBU end. In other words, by replacing the

5 extraction of ILVU_EA and NT_ILVU Sa, and the storing of
ILVU_EA_reg and NT_ILVU_SA reg with the extraction of
VOBU_EA and storing VOBU_EA reg, the apparatus and method
according to the present invention, described above; can be
used for the detection of an_@end. This is effective for

10 the VOBU data transferring operations shown at steps
#31074, #31082, #31092, and #31102.

Thus, the reading of data such as ILVU and VOBU
can be performed effectively.
Decoding flows in the stream buffer

15 The process for decoding data in the stream
buffer 2400 shown as step #31034 in Fig. 64 is described
below referring to Fig. 67. This process (step #31034)
comprises steps #31110, #31112, #31114, and #311l1l6.

At step #31110 data is transferred in pack units

20 from the stream buffer 2400 to the system decoder 2500
(Fig. 26). The procedure then moves to step #31112.

At step #31112 the pack data is from the stream
buffer 2400 to each of the buffers, i.e., the video buffer

2600, sub-picture buffer 2700, and audio buffer 2800.
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At step #31112 the Ids of the user-selected audio
and sub-picture data, i.e., the audio ID AUDIO_ID reg and
the sub-picture ID SP_ID_reg stored to the scenario
information register shown in Fig. 62, are compared with

5 the stream ID and sub-stream ID read from the packet header
(Fig. 19), and the matching packets are output to the
respective buffers. The procedure then moves to step
#31114.

The decode timing of the respective decoders

10 - (video, sub-picture, and audio decoders) is controlled in
step #31114, i.e., the decoding operations of the decoders
are synchronized, and the procedure moves to step #31116.

Note that the decoder synchronization process of
step #31114 is described below with reference to Fig. 68.

15 The respective elementary strings are then
decoded at step #31116. The video decoder 3801 thus reads
and decodes the data from the video buffer, the sub-picture
decoder 3100 reads and decodes the data from the
sub-picture buffer, and the audio decoder 3200 reads and

20 decodes the data from the audio buffer.

This stream buffer data decoding process then
terminates when these decoding processes are completed.

The decoder synchronization process of step
#31114, Fig. 67, is described below with reference to Fig.

25 68. This processes comprises steps #31120, #31122, and #31124.
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A process synchronizing operation for producing
seamless connections is executed in step #31122, and a
process synchronizing operation for non-seamless
connections is executed in step #31124.

10 By means of the present invention thus described it
is possible to read and supply to a decoder the source data
for plural video objects without interruptions in the data
during reproduction. When reproducing plural video objects
of the same length, it 1is also possible to seamlessly

15 reproduce the video objects without intermitting the data or
the presentation time even from a midpoint in a video object.

It is also possible to supply the data of plural
video objects to the decoder without intermitting the data
during presentation. Plural video objets can also be

20 reproduced by reading only the necessary information and
seamlessly switching the presented video object without
intermitting the data during presentagion.

Switching between plural video objects can also be
accomplished at high speed even while presentation is in

25 process. Furthermore, it is possible to dynamically switch
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while in the middle of video object presentation when
reproducing data from an optical disk, and these dynamic

system stream changes can be executed seamlessly.

5 Industrial Applicability
As is apparent from a method and an apparatus

according to the present invention for interleaving.a
bitstream to record the interleaved bitstream to a
recording medium and reproduce the recorded bitstream

10 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

15 developed recently.
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storing data read from the disc to the track buffer at a read rate Vr before transferring
said data to a decoder at a supply rate Vo, where said read rate Vr is greater than said
supply rate Vo, and
said bit stream comprises a plurality of video objects (VOB) of which one is
alternatively reproduced from among m video objects (VOB);
said bit stream generating method comprises steps for:
selecting m video objects (VOB),
obtaining a time t2 at which réading a bit stream from the disc will be interrupted
when an optical head of the disc reproducing apparatus jumps between an interleave unit
(ILVU,) and an interleave unit (ILVU,.,)) when each of selected m video ob_;ects
(VOB) is segmented into v interleave units (ILVU,J) interleaved in a sequence
ILVU,, ILVUy, ... ILVUg - ILVU, .. |

ILVU,;..ILVUy; ... ILVUg 1 ILVU 5 -

ILVU, 1 JLVU, 1) oorr IEVUayty JEVUpry -

ILVU,,..ILVU,, .... ILVUg 1y JLVU,,
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obtaining a data quantity d1 stored to the track buffer at a differential rate Vr - Vo

during a time tl,

said time t1 being a period during which a bit stream constituting said interleave unit

(ILVUiJ) is read from disc,

segmenting m video objects into interleave units (ILVU;) whereby said data quantity
d1 stored to the track buffer exceeds a data quantity d2 transferred at supply rate Vo
from the track buffer to the decoder during said time t2, and

generating a bit stream in which segmented m video objects (VOB) are interleaved

in the sequence described above.

2. A bit stream generating method according to claim 1, wherein a video object (VOB)
'c.ontains compressed image data, and

the step for selecting .a video object (VOB) selects m video objects (VOB) having
'the same presentation time for the uncompressed image data contained therein.
3. A bit stream generating method according to claim 1, wherein said video object
(VOB) contains image data compressed according to a MPEG standard, and a smallest
control unit (VOBU) which is a sub region of said video object (VOB) constituting an

interleave unit (ILVU) is bounded by a GOP unit, which is an image data compression

unit.
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is alternatively reproduced from among m video objects (VOB), wherein

said disc comprises a video object storage area and a management information
slorage area,

said management information storage area stores presentation sequence information
indicative of the video object (VOB) presentation sequence, and group information

indicative of what video object (VOB) and what other alternatively reproducible video

object (VOB) are associated with the same group,

said video object (VOB) storage area stores one or more video objects (VOB) where
each of m (where m is an integer value of two or more) video objects (VOB) associated
with a same group is segmented into v interleave units (ILVU,),

where 1 is a sequential value indicative of a video object (VOB) and ranges from 1
to m, and j is a sequential value indicative of an inter]ee;ve unit (ILVU) and ranges f"rom

1 to v, and

said interleave units (ILVU;) are arranged in a sequence ILVU, ILVU,; .... ILVU,

- ILVU,, ..
ILVU,,.ILVU,, ... ILVU,; 13- ILVU,,

ILVU, .1 ILVUyy conr ILVU sy IEVUye

ILVU,,.ILVU,, ... ILVU,, e ILVU,,.
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presentation for a time t3,
where time t3 is a sum of time t1 and a time 12,
time tl being a time required to read a bit stream constituting said
interleave units (ILVUj;) from a disc, and time 12 being a time required for the disc
reproducing apparatus to switch bit stream reproduction from interleave unit (ILVU,)

to interleave unit (ILVU}) to interleave unit ILVUy;.,,), and

said interleave unit comprises one or more sub regions (VOBU) to which video data
and management information (NV) are stored, and

said management information (NV) comprises end address information

(ILVU_EA) indicative of an end address of the associated interleave unit (ILVU), and

linking information (NT ILVU_SA) indicative of a position on the disc (M) of a next

‘interleave unit (ILVU) to b.e reproduced.

5. A disc (M) for storing a bit stream reproduced by a disc reproducing apparatus

according to claim 4,

where said disc reproducing apparatus comprises a track buffer for temporarily
storing data read from the disc to the track buffer at a read rate Vr before transferring

said data to a decoder at a supply rate Vo, where said read rate Vr is greater than said

supply rate Vo, and
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wherein said interleave units (ILVU,) are segmented from m video objects (VOB)
in such a way that a data quantity d1 stored to the track buffer at a differential rate Vr
- Vo during a time t1 exceeds a data quantity d2 transferred at supply rate Vo from the
track buffer to the decoder during a time 12,
said time t] being a period during which a bit stream constituting said interleave unit
(ILVUij) is read from disc, and said time t2 being a time at which reading a bit stream
from the disc will be interrupted when a head of the disc reproducing apparatus jumps
between an interleave unit (ILVU,) and ap interleave unit (ILVU.),).
6. A disc (M) according to claim 4, wherein the end position information of an
interleave unit comprises in the m@agenment information of a sub region,

end address information (VOBU_EA) of the associated sub region, and

a flag (UNIT_END flag) indicating whether the ihterleave unit terminates in the

associated sub region.

7. A disc (M) according to claim 4, wherein M video objects (VOB) associated with

a same group contain compressed image data having the same presentation time when

uncompressed, and

sub region (VOBU) management information (NV) contains
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associated sub region on disc,
a flag (UNIT_END flag) indicative of an end of an interleave unit,
linking information (NT ILVU_SA) indicative of a position on the disc (M) of
a next interleave unit (1ILVU) to be reproduced, and
angle-specific linking  information
(SML__AGL__C#I-9__DSTA) indicative of a position on the disc (M) of a next interleave
unit (ILVU) to be reproduced for each video object (VOB) during alternative
presentation.
8. A disc (M) according to claim 4, wherein sub region (VOBU) image data is image

data compressed using an MPEG method, and

said sub region (VOBU) is bounded by a GOP unit, which is an image data

compression unit.
9: A disc reproducing appératus (DCD) comprising a means for reading presentation
-' sequence information, grsup information, and a video object (VOB) from a disc (M)
.according to claim 4,
a retrieving means for retrieving management information (NV) from a read video
object (VOB),

buffer for storing the management information (NV),
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a presentation sequence indicated by the presentation sequence information,

an angle presentation detection means for detecting whether a read video object is
an alteratively presentable video object based on the group information,
an angle selection means for selecting one video object when a read video object is
an alternatively presentable video object,
an interleave unit end detection means for referencing end address information
(ILVU__EA) for an interleave unit contained in the management information of a sub
region being presented, and detecting whether presentation of an interleave unit has
reached the end, and
an angle presentation control means for presenting a selected video object when a
read vi&eo object is an alternatively presentable video object, and when presentation has
reached an end of an interleave unit, resuming presentation of a video object from an
interleave unit indicated by linking information’ (NT_ILVU_SA) in the stored
management information (NV). |
10. A disc reproducing apparatus (DCD) accordiﬁg to claim 9, further comprising
a means for reading presentation sequence information, group information, and a video
object (VOB) from a disc (M), said disc (M) comprising
a video object storage area and a management information storage area,
said management information storage area stores presentation sequence

informatjon indicative of the video object (VOB) presentation sequence, and
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said video object (VOB) storage area stores one or more video objects (VOB) where
each of m (where m is an integer value of two or more) video objects (VOB) associated
with a same group is segmented into v interleave units (ILVU)),

where 1 is a sequential value indicative of a video object (VOB) and ranges from 1

tom, and j is a sequential value indicative of an interleave unit (ILVU) and ranges from

1to v, and
said interleave units (ILVU,) are arranged in a sequence
ILVU,,..ILVU,, .... ILVU,,,..ILVU,, ..

ILVU,,..ILVU,, .... ILVU, - ILVU,,

ILVU, .y ILVUygy wooe ILVUiyeerys ILVUp)-
ILVU,,.. ILVU,, ... ILVU, )y ILV"UmV.
said interleave units (ILVU,) are segmented from m video objects (VOB) in such a
manner that a disc reproducing apparatus is supplied with data sufficient to sustain
presentation for a time 13,
where time t3 is a sum of time tl and a time 12,
fime 11 being a time required to read a bit stream constituting said
interleave units (ILVU,) from a disc, and time t2 being a time required for the

disc reproducing apparatus to switch bit stream
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said management information (NV) comprises end address information
(ILVU_EA) indicative of an end address of the associated interleave unit (ILVU),
and linking information (NT ILVU_SA) indicative of a position on the disc (M) of
a next interleave unit (ILVU) to be reproduced,
wherein the end position information of an interleave unit comprises in the
management information of a sub region,
end address information (VOBU_EA) of the associated sub region, and
aflag (UNIT _END f{lag) iﬁdicatin g whether the interleave unit terminates in the
associated sub region;
wherein the interleave unit end detection means détccts whether prescntation.of a
video object (VOB) has reached the end of an interleave unit based on end ﬁddress
information (VOBU _EA) for a sub region on disc‘, and a flag (UNIT_END flag)
indicative of an end of an interleave unit.
11. A disc reproducing apparatus (DCD) according to claim 9, further comprising
an angle change acceptance means and an angle change control means,

wherein said reading means reads presenfation sequence information, group

information, and a video object (VOB) from a disc (M), said disc (M) comprising
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said interleave units (ILVU,) are segmented from m video objects (VOB) in such a
manner that a disc reproducing apparatus is supplied with data sufficient to sustain
presentation for a time 3,

where time 13 is a sum of time t]1 and a time t2,
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time t1 being a time required to read a bit stream constituting said interlcave

units (ILVU,) from a disc, and time t2 being a time required for the disc
reproducing apparatus to switch bit stream reproduction from interleave unit (ILVU,)

to intcrleave unit ILVU,) to interleave unit(ILVUy,), and

said interleave unit comprises one or more sub regions (VOBU) to which video
data and management information (NV) are stored, and
said management information (NV) comprises end address information
(ILVU_EA) indicative of an end address of the associated interleave unit (ILVU),
and linking information (NT_ILVU_SA) indicative of a position on the disc (M) of
a next interleave unit (ILVU) to be reproduced,
said angle change acceptance means accepts an instruction changing a video object
(VOB) io be alternatively presented, and determines a presentation start position for the
alternatively selected video object according to the angle-specific linking information
_ (SML_AGL_C#1-9__DSTA) in the management information (NV), and
said angle change control means starts prescnta;tion of the specified alternatively
presentable video object from a determined prcsentatibn starting position when an angle
change instruction is received.
12, A reproduction method for a disc according to claim 4, comprising steps of:
selecting a video object to be presented,

reading the selected video object,

retrieving and storing management information (NV) from the read video object,
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presenting the read video object,

detecting whether presentation of a video object has continued to an end of an
interleave unit based on interleave unit end address information (ILVU_EA) contained
in the management information (NV), and

resuming video object presentation from a position indicated by a linking
information (NT _ILVU_SA) in the stored management information when video object
presentation has been completed to an interleave unit end.
13. A reproduction method tor a disc according to claim 6, comprising steps of:

selecting a video object to be presented,

reading the selected video object,

retrieving and storing management information (NV) from the read video object,

presenting the read video object,

detecting whether presentation of a video object has continued to an end of an
interleave unit based on end address information (ILVU_EA) indicative of an end
address of the associated sub region on disc, and a flag (UNIT _END flag) indicative
of an end of an interleave unit, contained in the management information (NV), and

resuming video object presentation from a position indicated by a linking
information (NT_ILVU_SA) in the held management information when video object

presentation has been completed to an interleave unit end.
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14, A reproduction method for a disc according to claim 7, comprising the steps of:

selecting a video object to be read and presented,

reading the selected video object,

retrieving and storing management information (NV) from the read video object,

presenting the read video object,

detecting whether presentation of a video object has continued to an end of an
interleave unit based on end address information (ILVU_EA) indicative of an interleave
unit end address contained in the management information (NV),

resuming video object presentation from a position indicated by a linking
information (NT_ILVU SA) in the held management information when video object
presentation has been completed to an interleave unit end,

accepting an instruction for selecting a video object (VOB) to be alternatively
presented,

determining a presentation start position for the alternatively selected video
object according to the angles-specific linking information (SML_AGLC#1-9_DSTA)
in the management information (NV) when a video object change instruction is
accepted, and

starting presentation of the alternatively selected video object from a determined

presentation starting position when an angle change instruction is received.



