;e3eE Et t u T p\ 6@T a DESCRI PTI ON METHOD AND DEVI CE FOR RECORDI NG AND
REPRCDUCI NG | NTERLEAVED Bl TSTREAM ON AND FROM MEDI UM Technical Field 5 The

present invention relates to a nethod and apparatus for intemm
bitstreamfor use in an authoring systemfor variously proce mmmmmm
bi t stream conprising the video data,.audio data, and sub-picture,gata

constituting each of plural programtitles containing 10 rel ated V|deo
data, audi o data, and sub-picture data content to generate @Mbltstrean1from

which a new title containing the content desired by the us mwmmmwwww

reproduced, and efficiently recording and reproducing said
bitstreamusing a particular recording nmedium 15 Background Ardgooodsst hori ng
systens used to produce programtitles£GH{stng rel ated video data, audio
data, and sub-picture data by digitally processing, for exanple, nmultinedia
data conprising video, audio, and sub-picture data recorded to 20 | aser
disk or video CD formats are currently avail able. Systens using Video-CDs

in particul@eTaos akbe DEVIEE Gk VREEOREBYE ARDAREPRoDURNS BT e ESHENRS

originally
BITSTREAM ON AND FROM MEDIUM.

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 bitstrean
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



-2 designed with an approximately 600 MB recording capacity for storing
digital audio data only, by using such high efficiency video conpression
techniques as MPEG As a result of the increased effective recording
capacity achieved using 5 data conpression techni ques, karsoke titles and
ot her conventional |aser disk applicdtons 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 thajed {ieh&@ti €h ZEn CdppLERiKAEBL X sbiot MBS reboegiaryl chpd®iditor
smal |l image (title) details also nakes it necessary to process and control
the bitstreaprtndgg dbyivaller abhigdicar chiteal akely, unbys. uktings tshetef ariggh
necessary to devel op and prove a bitstream structure and an advanced

di gital pr ekt imnopthiote@Comprt esis hgnbbebhnéguedi ag MREGL epindutesorilt
capabilities whereby a |arge volume, nmultiple level hierarchical digital

bi t st r eam ceh Wee difangagad eiieetbvecrearrdinyg Fapacisy aedisvednsing

Al so_ needed are an apparatus for executing this digital processing nethod,
and 3 recordditify rRUTRE ¢SS WA CchteRBNAGUSSyst MR Y tEH:ﬁeEr 0888se @RI d
apparatus can be ~ efficiently recorded far storage and_from which said

retarded i FONEREHNTan 168 Fui EREY r%%?%ﬂﬁ%ga‘?n%a?ﬁ ofIT G EHEY nfetig

st orage capacity.of conventional .optigal. _di sks have been w dely researched
to S addreggqﬂégﬁﬁﬁﬁ) ?mfﬂ%dYﬁﬁ?§sS§chgpﬁ iis problem One way to

i ncrease the storag (of f Leal o di ! r t

di anmeter D of the og?ggg t %ggr?kggggf$??ﬁt%gbﬁgsgﬁghgfﬁeg#%gﬁéEﬁg&%%kbeam
Is 1 and t*&%@Fﬁrgfwrxeeﬁoa@@ts.)@heahamtbens TS ¥t thedsbhgypRetadiapater D
is |~ proportional to 1/ NA, and the storage capacity can be efficiently

i ngoved byeadecr apisi Ty mes | Ber easnposbA ArdlesBitethedns ewadnl ean n
United States Patent 5,235,58., however, coma caused by a relative tilt

bet ween t hdmbirdassindlaceiesp hherapthiaeh])l strsicafurtehe |Biserdétansize of
(hereafter "tilt") increases when a large aperture (high NA) lens is used.
To prevent mullttinedfia et then, wridtenansitdr épitstbeamst dawistg beupmddeepr y
thin. The problemis that the mechanical strength of the disk is | aw when

t he transpélefRraiitalat SHIGEINLS haOWRY NPEGE S t FetoPFentiPERal thBLKod

of recording and reprodugi ng, video, audiq, and graphic,sjgnal data, ha

al 50 been FESARETd TR FOGOIAFE GHRS. WPEES T TR =HF ChiEan ( FARsPERT

| ar.,ge dat a_vol unes at hi gher rat t .shoul.d noted that the

cor}gr essi ofr Sm&iHod = aala]da% ?%rﬁg%g%?gtﬁstgglﬁgéfostﬁaﬁﬁeaﬁ d* i PFEPSEBR¥what

from t hose  qof ~Th - i+f i ntent d di re S en
MPEGlL and %E%%sges%ﬂ eg: in 3elt ai 1-9,:'9” %hesgs%%gll%iéﬁd ?g% 1§§§ MPEG
st andar ds, n3Rd JFEH ke desct iptie, thereof is omtted bel ow. Note, however,
that while the structure of the S encoded video streamis defined in the

MPER speci fication,1# heshivglediatireal nstessdnye tof déve Byst amastgrenra aad
t he nethod of processing | ower hierarchical levels are not defined . As
descri bed ahi@strdam ssrubeieiconadnah pdsshbte digibad provessingahethod
aut horing systemto process a large data stream containing sufficient

i n20r mat i odnecd uskdicsf yoatimy xkd¢dedibng used r egpredwettion Myrapateil tviesi f
such a processing nethod were available, the_processed data recorded
thereto caWherehy mepanasilyoliyeg, tButtdnie 4avelr dd@Tdarrhias piigisal
there is no large capacity recarding nmediumcurrently available that can

ef fi ci ent | PIEEEEAFMGETY 85 SFEAS TG X QUHEF D 14 ridarahcevel RE G red

above. hierarchy. Also needed are an apparatus for executing this

digital processing method, and a recording media to which the

25 bitstream digitally processed by said apparatus can be



More specifically, particular significant hardware and software

requi rements nust be satisfied in order to 20 process a bitstreamusing a
data unit smaller than the title. These specific hardware requirenents

i nclude significantly increasing the storage capacity of the recording

medi um and i ncreasing the spse'd of digital processing; software

requi rements include inventrAg an advanced digital processing 2S net hod

i ncl udi ng a sophisticated data structure. -5 Therefore, the obj ect of the
present invention is to provide an effective authoring systemf

controlling a nmultinedia data bitstreamw th advanced . ha @\aalrée nd sof twar e
requirenents using a data unit snaller than Reitaht 1580 5 better address
advanced user requirenents. To sha gndaf B2t ween plural titles and thereby
efficiently utilize opt| Iords§R épam ty, multi-scene control V\/@er eby
scene data cm&d@ raI t|tIe utcﬁé ‘desired sc§ gcmﬂth sane

ti me- besec thin mJ Uldﬁdé’n fo peri ods.¢erm@® ni g™ pl ur al sgenes

uni que to paé_' E ubalﬂ productl on 5 st hseh&an be freel e%@amuh&? and
reproguged™Ps "desirabl g¢ Hamew&R> “ikien pl u&alwsdehﬁs unique to g

reproducti on paggganfthin the 1 &I -ns&@neb%erl od are g,giamged’ n the sanme 15
time-base, the scene @a][ruét e conti gﬁo %ct ed rrultll- cape data
is therefore %@mm i y insert e_ mbesﬂé the seI eg: scene data
and thecs‘EFe\ct ed rmul tlo-rsﬁetge Qta The pr8 Ie‘mat cr eat es when 1f
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0 provide laldi@iaéest ucture en Iggngf dF88rete sce{J’ dapar‘f-’é Be sean essl y
repr odu&&d, e., W g@uaxm?’& mttence i3 a present aél op, &®¥en when
repr oduci n&@gdth‘?m? I -scene 2{:&@@ e rret hod fore gepern®thy a system
stream h’-a?/l ng sa| d 60ﬂat'— ructure. aqrexor?R? ng appar até

reproduct i.gnwapg AP ?us for recg@dl n@"hz?h‘d reprodug ngcaaiiﬂ gstem stream
and a nmediumto whi c{efai di§ ystem strea_ ecals epr oduced dkk om whi ch
said systceggéct’cle‘a?n can be rgfﬁ by said 5 g&oidﬁﬁﬁa ppar at us apgl

repr oducti on appar a\taqs tA f there‘Ero]p @gin‘anlbe expect ed.i
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25 and reproducti on appar at us. The present application is based upon
Japanese Patent Application No. 7-252734, which was filed on Septenber 29,
1995, the entire contents of which are expressly incorporated by reference

herein. 5 Disclosure of Invention Inzprder to achi eve the aforenenti oned
obj ective, an interleaving nethod for generating a bitstreamfrom plural

vi deo obj ects containing conpressed video data by arranging in the
presentation order, wherein interleaved data bl ocks in 10 which plural

vi deo obj ects are contiguously arrayed using interleaved units each | onger
than the shortest read time I LVUMI such that the video object presentation
start and end points are aligned, the ratio between the ﬁresentation tines

of video olpedifif tFrPrERNENEEL 88E FidfEHeNnTTh heheeaRdMPEGdo amsl 3 ETE s
ot her than those with the,ghgrtes presentation time is within_a raggﬁg%
r ce

obt ai ned f A& HRESHREst r €2t itme ™ MAGVE ST hiki Adth FER5a518 8di

JM dth | est I it VYOBU. .apd i .dat a .hl [
I and (he.d.enl SprAL-UILL JEBUL, spdRophLguass ke lacks gt et
20 therein are not ablgned.p . qoQ0. Br "t‘?{apea’ﬁri'l%t'eﬂapfs%\?&ﬁgg FLg thd s a
graph schematically 'Show ng a strutture of mul'ti nedia bif Stréam according

to tshe pre i i4.00, L. 12 | Iagr oW : : i ng
encoder aceorde raFe Breten: Fnisniren T o TS rBRR e

showi ng antaet hpibpgrensedar SEpQrELRE tOF t RePr e§ehibm NYERLAAN, arfd Jtne | S
a side view of an optical disk storing 10 the nufti nmedia bit stream of

Fig. 1, Fi gethdd®s aff eprateedivicewlshew npiarpechionlcolfdvedd bare cnod e
of Fig. 4, Fig. 6 is an enlarged view showi nhg a portion
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 1if 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 currently
available that can efficiently record and reproduce high

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

25 method including a sophisticated data structure.



confined by a circle of Fig. 5, 15 Fig. 7 is a side view showing a
variation of the optical disk of Fig. 4, Fig. 8 is a side view show ng

anot her variation of the optical disk of Fig. 4, Fig. 9 is a plan view
showi ng one exanple of 20 track path fornmed on the recording surface of the
optical disk of Fig. 4, -9 Fig. 163s a plan view showi ng anot her exanple
of track path forned on the recording surface of the optical disk of Fig.

4, Fig. 11 is a diagonal view schematically showing 5 one exanple of a
track path pattern forned on the optical disk of Fig. 7, Fig. 12 is a plan
vi ew showi ng anot her exanple of track path fornmed on the recordi ng surface
of the optical disk of Fig. 7, 10 Fig. 13 is a diagonal view schematically
showi ng one exanpl e Dhezelfiack pdid phajéetnoffortierl wnesbantophvealt idnski of
Fig. 8 Fig. 14 is a plan view show ng anot her exanple of track path forned
on the recdrdiprgeeidéaes. offfdntiopei sathosidiosliewsiten gfos, chngrolling a
graph showi ng the audi o waves resulting fromthe audio data recorded to the
mul ti - angl @uddtisned taidata i teggam stidie asbranred fHardware and gofivare

schematically showi ng the ) .
regquirements using a data unit smaller than the title to

5 better address advanced user regquirements.

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



20 structure of nultinedia bit streamfor use in Digital video D sk system
according to the present invention, Fig. 17 is a graph schematically
showi ng the encoded vi deo strean1accord|ng to the present invention, Fig.
18 is a graph schematically showi ng an 25 internal structure of a vi deo
zone of Fig. 16. -10 Fig. 19 is a-§raph schematically showing the stream
managenent i nformation according to the present invention, 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

| ock pl ayback control according to the present invention, Fig. 22 is a
graph schematically showing the data 10 structure used in a digital video
di sk syst eded@costirngtuvethea presemdiing/eapponatiisg. and is zegragudtion
assi stance of explaining a concept of Milti-angle scene control according
to the prespparatentian, rq%omgngzandsrgpgpaimmg Ba1dt aWssent sdslamini ng
a concept of nmulti scene data connection, Fig. 25 is a block diagram

showi ng a BUB éndueeiumcEer ¥haght Sadeke %Y%%%Iﬁt stR¢em i pegrepyodyced

bl ock di agram show a .DVD decoder ccordln o t he P sent i nvent,ion,
Fig. 27 Isagdgﬁgﬁﬁlggﬁﬁﬂ%tﬁ%%.I§Y§ﬁ%ﬂn grﬁﬁm ca e reproduced by said

5 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 1locations. 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 invention 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.



encodi ng information table generated by the encoding system controller of
Fig. 25, Fig. 28 is a graph schematically show ng an 25 encodi ng

i nformation tabl es, -11 Fig. 29 is a graph schematically show ng an
encodi ng parameters used by the videg-encoder of Fig. 25 Fig. 30 is a
graph schematically showi ng an exanple of the contents of the program chain
information 5 according to the present invention, Fig. 31 is a graph
schemati cal |l y showi ng anot her exanple of the contents of the program chain
information according to the present invention, Fig. 32 is a graph
schematically showing a 10 rel ati onship between the accunul ated data

quantity in the stre buffer and the ,operating.node_qf .the reagin head of
Fig. 26, Fig. 33 is a yfapf i r]“SSia‘ﬁp ceatgjforéxﬁsai ﬁ?ﬁﬁ'da WRReptakinese

shari ng daggtggttma%glg,'f&gcgi?ﬁix&A.es;-zls‘izﬂa,- Wid FadrAPied rb@ss%géye%&eerof

expl ai ni ng”a conce nt'i guous reproduction of non-contiguou

arranged dgba bhegs Fithe 35:48iR9" 8BAtEALESSLE aNEa B aiés.}rgk%ésly
concept of 1 nterleaving process enabling seam ess 20 reproduction of

scenes, Fi gncd@ployratedl P 88rtAcasaesbance of expl aining a concept of
i nterl eaving process enabling seam ess reproducti on 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. 37 is a graph schematically show ng an 25 actual arrangenent of data
bl ocks recorded to a data - 12 recording track on a recordi ng nedi um
according to the present invention, Fig. 38 is a graph schematically
show ng conti guous bl ock regions and interl eaved bl ock regions 5 array,
Fig. 39 is a graph schematically showdng a content of a VIStitle VOBS
according to the present invention, Fig. 40 is a graph schematically
showing an 10 internal data structure of the interleaved bl ock regions
according to the present invention, Fig. 41 is a graph in assistance of
expl ai ning a concept of defining the m ni num nunber of divisions in VOB for
interleaving, 15 Fig. 42 is a graph schematically show ng the data
structure BfiéheDestetipeavad omidrawinggs43 is a graph in assistance of
expl ai ning a concept of parental control according to the present
invention, 20 Fig. 4Bigs A dsaphdmplssschiemstiofldypbhiomiimgy & concept of
mul ti-angl e scene control according to the present in invention, Fig. 45 1is
a graph i rstsectenacet orudkpl mediigy hite stireamapgrerdénge teorkbrenl when two
mul ti-angle data 25 having different audi o data,
present invention,
5 Fig. 2 is a block diagram showing an authoring
encoder according to the present invention,
Fig. 3 is a block diagram showing an authoring
decoder according to the present invention,
Fig. 4 is a side view of an optical disk storing
10 the multi media bit stream of Fig. 1,
Fig. 5 is an enlarged view showing a portion
confined by a circle of Fig. ¢,
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 another variation
of the optical disk of Fig. 4,
Fig. 9 is a plan view showing one example of
20 track path formed on the recording surface of the optical

disk of Fig. 4,



-13 Fig. 46 is a graph schematically showi ng plural angle data witten to
mul ti-angl e scene period according to the present invention, Fig. 47 is a
graph showi ng the streamcontaining 5 a nulti-angle scene period and the
basi cs of the on-di sk |ayout according to the present invention, Fig. 48 is
a graph show ng an exanple in which.ghe | ast pack address in the current
A-1LVU and the address of the next A-1LVU are recorded for plural angles
according 10 to the present invention, Figs. 49 and 50 are graphs in

assi stance of explaining the method of managi ng addresses on the sw tching
unit |l evel between nultiple angle data in nulti-angle scene periods
according to the present 15 invention, Fig. 51 is a flow chart, formed by

Fi gs. 51A and 51B, Sﬂﬁpﬁ NgoadsORepahhok ity HRWEVRY %@%éroéxﬂagie.zéf Fig.
sno

52 is a flow chart ng detalled of the encode paraneter production

sub-routi ngyrabxFit P Eorkiedi @n B8e i SedoblONGCBaRiraOW NG Hdeopiei 341 ed of
the VOB data setfing routine of Fig. 52, Fig. 54 is a flow chart show ng

the encodegpakaet grigy.generating operation for a seanl ess switching, Fig.
55 is a flow chart showi ng the encode 25 paraneters generating operation
for a systemstreamFig. 11 is a diagonal view schematically showing
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 show ng the operation of the DVD encoder of
Fig. 26, Fig. 57 is a flow chart show ng details of the nmulti-angle

non- seam ess switching control routine of Fig. 5 56, Fig. 58 is a fl ow
chart showi ng details of the nmulti-angle seam ess switching control routine
of Fig. 56, Fig. 59 is a flow chart sfypw ng details of the parental | ock
sub-routine of Fig. 56, 10 Fig. 60 is a flow chart show ng details of the
singl e scene subroutine of Fig. 56, Fig. 61 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
flow chart showing details_of . re roduchion extract PGC routing of Fig.

69, 20 Fig. 65 is a 1% chariSshodF AGRJECREFE I 3¢ FiPti-angl e
decodi ng progess_of Fig. 70.. H 66_1s a block.diagram.show ng details of
t he strean1B§FF8F @Pqéafm%ﬂf lé%ﬂ%ﬁ |b?n67c§§rg§bﬁoﬁQﬂ€§% Hﬁé%fﬂ details
of decodingigggitg%%pess of Fig. 64, performed by the stream buffer, is
shown, Fig. is a fl ow chart showi ng details of the 5 decoder

zynchr oni zation procegsggy of> & gs §7?r€bﬂ- sBfehatachhay ehadbisdorhag the
peration of the DVD decoder DCD o 1g. 26,
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. 70 is a flow chat showi ng details of the stream buffer data transfer
process according to the 10 present invention, Fig. 71 is a flow chart
showi ng details of the non nulti-angle decoding process of Fig. 70, Fig. 72
is a flow chart showi ng details of the non-nmulti-angled interleave process
of Fig. 71, 15 Fig. 73 is a flow chart show ng details of the

non-nul ti-angl ed contiguous bl ock prldcess, Fig. 74 is a flow chart show ng
details of the non-multi-angle decoding process of Fig. 70, Fig. 75 is a
fl ow chart showi ng details of the 20 seam ess multi-angle decodi ng process
of Fig. 70, Figs. 76 and 77 are graphs in assistance of explaining the

swi tchi ng between scene angles within a nulti-angle scene period, Fig. 78
is a graph in assistance of explaining a 25 nethod for achieving the data
structure shown in Higy. 465 is-alér&ph. s¢Bematd cgrlaph shovwaigsy sdrmnce of
explaining a nethod for actually setting the audio data presentation tines
on t he snaéhesdiaggperaniatehisngsaed tby eVee videheepamderalofe Fiy diXd er ent
angles, and 5 Fig. 80 is a graph in assistance of explaining the

mul ti-angl e scene pédtitd Hatks st racdp esFheptdraddiymshoalidio amta i s

witten to each_different angle according to the present ,inventiaon. Best
Mode for CB¥RPPhHE Oft thige ‘:I%&@ﬁﬁ%r?fld:%ep’ﬁ?%’ééﬂt chadBnindprmatdemi | edl y

desgribed W th referenc hto t he a%ﬁqqﬁq£¥iqg?dramjngs. Data structure of

t he authgr?ﬁ@°§9%ﬁgnl?h FodF&SETuct il SR he mul ti medi a data bitztrfam
rocessed usin e J.ecordi S 3 . repr.oduction
gppar atus, fandgaut hgil?grcfg %ygt%e%og{l{:%%i %ﬁ&?%gtgﬁgggpgg_esﬁq’:ln?en r}ogcr%leirs
descri bed ékéﬁﬁl@%@v“t}gg? Ronekeienet thdigrodrah “c%lQiﬁ ShEHERYEG orONe

title refers to the conbination of video and audi o data expressing program
according to the present invention,

Fig. 32 is a graph schematically showing a

10 relationship between the accumulated data guantity 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 réproduction 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



20 content recogni zed by a user for education, entertainnent, or other

pur pose. Referenced to a notion picture (novie), one title may correspond
to the content of an entire novie, or to just one scene within said novie.
-17 Avideo title set (VIS) conprises the bitstream data containing the
information for a specific nunber of titles. Mre specifically, each VIS
conprises the video, audio, and ot her ¥eproduction data representing the
content 5 of each title in the set, and control data for controlling the
content data. The video zone VZ is the video data unit processed by the

aut horing system and conprises a specific nunber of video title sets. Mre
specifically, each video 10 zone is a linear sequence of K+ 1 video title
sets nunbered VTS #0 - VIS #K where K is an integer value of zero or
greater. Onerecdedingt fterasdt ,omprafreadtginpemédivm aicdeording esethe/TS #0,
is used as the video manager describing the content information of the
titles contaprnedens ipveadiori,deo title set. The nultimedia bitstream MBS
is the largest control unit of the nultjnedja data hitstream handl ed by the
aut horing system of tKd%r es%nts i AvERtPBnSChRBEI G SeSHANARY vi deo zones
VZ. 20 Authoring,encodeé EC Aﬁ@%ﬁzerred nbodingnt of %ﬁe ut horJi ng encoder
EC accor di ngSPBEEHECHFeL4RCR 9Th 3¢ HRheF 48 AN GYa P miisd a

bit st peam MBS by re-encoding the original nultinedia bitstream MBS
accoréing t 0®Th8Y¥scenario desired 25 by the user is shown in Fig. 2. Note

that the original 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,

IFig. 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,



- 18 multinmedia bitstream MBS conprises a video stream Stl containing the
video information, a sub-picture stream St3 containing caption text and

ot her auxiliary video information, and the audio stream St5 containing the
audio 5 information. The video and audi o streans are the bitstreans
containing the video and audi o infarpmti on obtained fromthe source wthin
a particular period of tinme. The sub-picture streamis a bitstream
cont ai ning nonentary 10 video information relevant to a particul ar scene.
The sub-picture data encoded to a single scene may be captured to video
menory and di spl ayed continuously fromthe video nenory for plural scenes
as may be necessary. When this nultinedia source data Stl, St3, and 15 St5

is obtained froma ljiye bypadcast i gﬁ%ﬂ() i S uppl i ed
inreal-time froma ﬂ\llll' 'eo‘{égagr%ré 855g§h§rcg%9rr\aaagtiq%g S rs(':lzé;“g£I np?ﬁgai

mul ti medi aaﬁgﬁrapaa%t I i VAPl ugett { L oAy ReVidenel §8 iUg g%&s@s%%irgénghe

medi um the audi o and video signals are ndot real-tinme sign

mul ti medi aggaupeesentedMventsiywn in Fig. 2 as conprising these three
source signals, this is for convenience only, and it should be noted that
the nmultimedi a sour geicst r&EaNi ey gpaphi showiadt the tdtmearh ypest 8insagr ce
signals, and nmay contain source data for 25 different titles. Miultinedia
soufce data wmitlhizadigde scer® \petshnd aamd stibepbasirs ¢t &hfeororptdirskt titles
are referred to below as nulti-title streans. As shown in Fig. 2, the

aut hor i ng ba¥eusr apcordipd §& the RTRF 1L ctNY®RTL10D, encodi ng system
controller 5 200, video encoder 300, video stream buffer. 400, sup-picture

encoder 500, sub-pi &tiFe 48 rihR RF7RR BOBVIREJRT E&XCHRHe 70D, Whiteh o stream
buffer 800,. system encoder, 900, vid zone_for t 300,. recordey 1200,
and recor dfig ﬁ'@ﬁl‘ﬂ']u fﬁldﬁ?egs\/iJdbgtq}%n%ulfré?ﬂg%'éiiﬁoﬁngoﬁ&% ?@é’\'ﬁ%‘%o

obj ect (W f 0Q0 t é%gp ang. v. a ile_structiure
fornatterqﬁédggéTﬁéx%i S %&@Lﬁ%ﬁt%re )F?he auﬁ%ggg%gggﬁgggeFﬁ§8ﬁ§l?%e
pregent enbodi NN rbschecahdedtivay of exanple 15 only to an optical

di sk. The scenari©0 editor 100 of the authoring encoder EC outputs the
scenario data, i.e. riye Uselariefsgeshedytapnsi Dt beliis@RScel REE SCENAri o

data controls editing the corresponding parts of the nmultinedia bitstream
MBS 20 acospllagningt bReusethsdraf marsigiony cddddbessedeon 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 encocde
parameters generating operation for a seamless switching,

Fig. 55 is a flow chart showing the encode

25 parameters generating operation for a system stream,



sub-picture, and audi o conponents of the original nmultinmedia title. This
scenario editor 100 preferably conprises a display, speaker(s), keyboard,
CPU, and source stream buffer. The scenario editor 100 is connected to an
-20 external nultinedia bitstream source from which the nultinmedia source
data St1, St3, and St5 are supplied.;,The user is thus able to reproduce the
vi deo and audi o conponents of the miltinmedia source data using the 5

di splay and speaker to confirmthe content of the generated title. The user
is then able to edit the title content according to the desired scenario
usi ng the keyboard, nouse, and other command input devices while confirm ng
the content of the title on the display and speakers. The 10 result of this

| timedi a dat | t t ata, St7.. Th t
SU7 15 bagi cal |y a SBE-of59 nid rict [BRSCRBEE: B ThatP S OOREESRAPE I -

selected f b f ot source data containing plural titles
. . éﬁae?‘%’ﬁegnﬁodg‘xj‘ %%I gg. .anr%s .

15 within I'ne peri how t he sel ected source data |s

reassenbl ed to repr(%q_l.éce d-he sceng di&ﬁr&ﬁg Henee) i

Based on the instructi‘ons receive oug t he ke;ﬁ%ard or ot%er control

device, thg,PPU-gades hBe-ResMlyy 4wEdRingneohkeoiehdhitihd idE- baged
positions 20 of thé edited parts of the respective nultinmedia source data

strgans Stgg,St3, and St5 to generate the scenario data St7. The source
stream buffer has a specific capacity, and is used to delay the multinedi a
source data streansFig.2BsStils &StRlownch&tt shlowdwy tdete s amfl then out put
streans St1l, St3, and St5. This delay is required for synchroni zation with
the edit ormehtbdingler seand eskbise/ imicing cepnyrohhzaugdre @fbﬁﬁqninQSand
user generation of scenario data St7 are executed S|nultaneously, :

when encodi ng i medFagel po i st kW (FRAT Tt FREVERS %@iﬂﬁ%e&ﬁt%ﬁﬁeternlne

the content of the oul L1 medi a source&r_aqa}redlﬁt)éng process based on the
scenari o dB®BeR}FFLadOfK| FURSTRESTE&F idd her®-

10 Fig. 60 is a flow chart showing details of the
single scene subroutine of Fig. 56,

Fig. 61 is a flow chart showing the encode
parameters generating operation for a system stream
containing a single scene,

15 Figs. 62 and 63 are graphs showing decoding
information table produced by the decoding system
controller of Fig. 26,

Fig. 64 is a flow chart showing details of
reproduction extracted PGC routing of Fig. &9,

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,



10 below. As a result, the nmultinmedia source data nust be del ayed by tine
Td to synchroni ze the editing process during the actual encodi ng operation.
Because this delay time Td is limted to the tinme required to synchronize
the operation of the various system conponents in the case of 15 sequenti al
editing as described above, the sourgg streambuffer is normally achieved
by nmeans of a high speed storage nmedi'um such as sem conductor nenory.
During batch editing in which all rnultimedia source data is encoded at once
("batch encoded"”) after 20 scenario data St7 is generated for the conplete
title, delay tine Td nust be |ong enough to process the conplete title or

| onger. In this case, the source stream buffer may be a | ow speed, high

capacity storage nediym such as video tape, K magnetic dj sk,..or optical disk.
-22 The structure (typ8y & ﬁﬁﬁ%i{i%% $€?th§g§8&P@é%%%ﬁ&%ﬁtﬁ#*er may
therefore be determ ned accordi ng t . ay,_1i] requited and _the
allowablelé%ﬁﬁ P8 1R acBEPFe§STﬁgogﬁggdﬂﬁg’é@%%gg;ggﬁtgglFéﬁ gaq
connected t scepagy ditor 100 and receives the scenario data St7

t herefrom é%éé%%bnfghéhgyﬁé-base position and |l ength information of the

edit segment contai nedgl,nglsha sScenardw dedpt EHowing @RERAIIRI o3 SN
controller 200 generatés the 10 encodi ng paraneter signals St9, Stll, and

St13F for entssbddér t&gnelrbniegtedh eirddessnds imbgi asspurce data. The
encoding signals St9, Stll, and Stl3 supply the paraneters used for video,

sub- pi cture, and audFtgenéadiizsg.a ifficdwdihayrt hehewtndi hhes baetadridre md
timng. Note that nultinedia 15 source data Stl, St3, and St5 are out put
after del ajthe MV ddyodér B6Drof Ftigeacuffer, and are therefore
synchroni zed to encodi ng paraneter signals St9, Stl1, and_Stl3. Mre
specifically, encodi i§gparf@miter Silgvalchay sloyingnhdetpdés efcddieng si gnal
specifying the encoding timng of video stream Stl to_extract the encoding
segnent fr GhASAN PYEFEFR5M SERNSAGT BRECESE ARFIF YR ehRotifg unit.

En ing paraneter signal.Stll is |ikew se the sub-picture stream encodi ng
sigﬁgl use@ﬁ%??ﬁ%mﬂ%ééﬁ%h%nSUb-picture 25 encoding unit by specifying the

encoding timng for Fi@.zgl is a flow chart showing details of the
non multi~angle decoding process of Fig. 70,
Fig. 72 is a flow chart showing details of the
non-multi-angled interleave process of Fig. 71,
15 Fig. 73 is a flow chart showing details of the
non-multi-angled contiguous block process,
Fig. 74 is a flow chart showing details of the
non-multi-angle decoding process of Fig. 70,
Fig. 75 is a flow chart showing details of the
20 seamless multi-angle decoding process of Fig. 70,
Figs. 76 and 77 are graphs in assistance of
explaining the switching between scene angles within a
multi-angle scene period,
Fig. 78 is a graph in assistance of explaining a

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



sub-picture stream St 3. Encodi ng paraneter signal Stl3 is the audio
encodi ng signal used to generate the audi o encoding unit by specifying the
encoding timng for audio stream St5. 5 Based on the time-base rel ationship
bet ween the encodi ng segnments of streans Stl, St3, and St5 in the

mul timedi a source data contained in-ggenario data St7, the encoding system
controller 200 generates the timng signals St2l, St23, and St25 arranging
t he encoded 10 nul ti medi a- encoded streamin the specified tinme-base

rel ati onshi p. The encodi ng systemcontroller 200 al so generates the
reproduction time information I T defining the reproduction tinme of the
title editing unit (video object, 15 VoB), and the stream encodi ng data

St 33 defining the sygigm ¢5cqde DNAUPH ey 4951 8UhhER! 8¥ BGphRS ded
mul ti medi a strean1contgining videgf audi o, andlsub-picture 5%tafﬁﬁgﬁe t hat

the reprodyeliry tide def@a ey eBthindndnd rRaM £ ELeh NgréatatSt3dnare
generated for the video object VOB 20 of each title in one video zone VZ
The encodi RgnRst@ KNt 04 1 Pes208nalleo sgaeitaimes uhbttiélvel sequenese
control signal St39, which declares the formatting paraneters for

formatti ng stalvee tvalwe eih tdbfif enehs OB lels ,eactd of the streans in a
particul ar tine-base 25 relationship as a nmnultinedia bitstream Mre

sped fically, -24 Yhe- t 80| éssaquaard contassistynae Sf3expiadpdadt o
control the connectjons between the title editing units (VOB) of each title

in the nul theede itanTaF®ESe BPTiec faiteols HE t¥ef et &Vdf Ch hgommon

interleaved title editing unit (VOBs) 5.int, eaving t title editi

uni 45 VOB GRS i HRLEFEN Ba: RaShTAL SHeRAT s MBS TS RS rPdot ed
to the source stream.,buffer of the scenario editor 100 and to the encoding
systen1conF 3!% F%ﬁﬂf Eﬂi??g 21'ves therefromthe 10 video stream Stl and
vi deo encodi ng paraneter signal St9, respectively. Encodi ng paraneters
supplied by the video encoding signal St9 include the encoding start and
end tim nggekitt Mﬁ&ﬁﬁ%@f@%@goﬁendh@ @Ry eh@idrhe encoding start and
end, and the material type. Possible material 15 types include NTSC or PAL

vid@o signal, and tehesipretonteliheentdicey iidd .daseredly tdesyi dpedergedi ng
paranmeter signal St9, the video encoder 300 encodes a specific part of the

patian sdadivarurenmfrithd . hnadeggtewst em control l er 200, and
recei ves therefromthe sub-picture stream St3 and sub-picture encodi ng
paraneter signal Sti1The (kRpeet FHERFEUrS pis&dromtiieingbldiddt® e encodi ng

t I, | Stll, -25 th b- pj ct der._500 d ifi
par ¢ of  nBISTHTAAR FEOCATSRn S0 oL OBrBraPELERE AREATAT S pi ot ure

oL igm ST 7 0% 8000 AN6005 005 AL3OLEOURERIEY L0 IRARARG® St ream

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.



encodi ng systemcontrol |l er 200, and receives therefromthe audio stream St5
and audi o encodi ng paraneter signal Stl13, which supplies the encoding start
and end timng. Based on the audi o encodi ng paranmeter signal Stl3, the
audi o encoder 10 700 encodes a specific part of the audio stream St5 to
generate the encoded audi o stream Stl - The video stream buffer 400 is
connected to the video encoder 300 and to the encodi ng systemcontroller
200. The video stream buffer 400 stores the encoded video IS stream St 15

i nput fromthe video encoder 300, and outputs the stored encoded video
stream St15 as the tine-del ayed encoded vi deo stream St27 based on the
timng signal St21 supplied fromthe encoding systemcontroller 200. The

sub- pi cture stream blﬁg‘ f a0 {518 gja{;aglv)fsﬁo C%Q‘;Iiﬁg&teeéi O t%ggggp%g)}nct ure

encoder 500 and to the encodi ng system controlle 00. The s prcture

stream buf f 0 : hC €4S t.drom
Hed Qoﬁkgi?ﬁgggﬁ:ﬁgﬂ%ﬁé‘@i@h kdEea %%%g‘gsfgn@g@?ﬁ“ of

t he sub-picture encoder then outputs the s

sub- pi ctur & st 188 Sbfea&dddiidel Bed each ¥6s ea&gé&@e&.um Glide Stream
St 29 based on the timng signal St23 supplied fromthe encodi ng system
control |l er Aio Thendudithest repndifdteioB0data seprkaehy itenteed ebriterite
audi o encoder 700 and to the encoding 5 systemcontroller 200. The audio

st ream buf faf S&dthstbtade time tdecewdy anid occentrain ek ifppucohtaomliliscaudi o
encoder 700, and then outputs the encoded audio stream St19 as the

ti me- del ayethemeoneantudr&ast ream St 31 based on the tinming signal St25
supplied fromthe encoding systemcontroller 10,200. The system encoder 900
i s connected to the ¥hGe¥idsxaAMuiYerigobhesypdprcfate dd&am buffer 600,

audi o stream buffer 800, and the encodi ng systemcontroller 200, and .i.s
respectivﬁ%F?ﬁﬁﬁﬁ?%db¥hES§b9 ] Hﬂﬂaﬁﬁ%&g®9I3§édCQ§p5ﬁﬁﬁﬁeﬁ 7PEES TST eam

St27, time- d 2Rl gtyre st s ob ] el ngoded
audi o streéﬂ% ’ogﬂgfgﬁg g#?&%n%é#%quﬁg at%gégégiéﬁﬁ%g’t%éggtﬁéggfbten1
encggler 90Qd5 aiémétjﬁi?hé er skaken@d JPlexes: theadsd n@iéféa¥§§55t reans

St27, St29, and St31 based on the 20 stream encodi ng data St (timng
signal) to gandade vhé! goedi tirgg #NivheOR & 3n THeegésedm gacpdi ng data

St 33 contains the system encodi ng paraneters, including the encoding start
and end ti g1 dhheywédeerzonenkornddelcert it set conretérably the 25rgystem
encoder 900 and the encodi ng systemcontroller 200 -
video title set VTS #0, is used as the 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 VZ.
20 Authoring encoder EC
A preferred embodiment of the authoring encoder
EC according to the present invention for generating a new
multimedia bitstream MBS by re-encoding the original

multimedia bitstream MBS according to the scenario desired

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



-27 fromwhich the title editing unit (VOB) St35 and title sequence contro
signal St39 (timng signal) are respectively supplied. The title sequence
control signal St39 contains the formatting start and end timng, and the 5
formatting paraneters used to generate (format) a nultinmedia bitstream MBS.
The video zone formatter 1300 rearragges the title editing units (VOB) St35
in one video zone VZ in the scenari o sequence defined by the user based on
the title sequence control signal St39 to generate the 10 edited nultinedia
streamdata St43. The multinedia bitstream.MBS St43 edited according to the
user-defined scenario is then sent to the recorder 1200. The recorder 1200
processes the edited nmultinedia streamdata St43 to the data stream St 45
format 15 of_the recordin nd_t hus recor,ds the fornatted data

st ream St ﬂu}BlTﬁgl?engﬁgﬁf%Mcf\?fm%%%e? hat VERE TSI bi t st ream
VBS recorded {

VS, whiGit? &l*éﬁ%ﬁé%ﬂ&%@gﬁ% r’*é‘%‘if%*r hesharptBs f'%&ﬁf%?”: d
20
medi um 20 genex ah el DXaLBE oW 20z ang &rrr@}garxﬁggry Ngisghat the encode

mul ti medi may be out put ect decoder to

i mredi at el 4, # SPf OEYGR, taﬁde@hreedurdltd es&caeneretsléoﬂtbhn% ORHLURd St the

output multinedia bitStream MBS will not in this 25 case contarn the vol une
filg strucirernvSion. - 28 Authorrng decoder DC A preferred enbodi nent of

t he aut horing decoder DC used to decode the nultimnmedia bitstream MBS edited
by the authoring enthdewiBEoofarichenptissestreammenairanthant it sttrerzaiy
reproduce the content of each title unit according to the user-defined
scenari o, dentebrindethaexidbel ewdwniamid ircefigrfgmeat bofi gbt8inkdt €xtdmt in
the preferred enbodi nent descri bed bel ow the nultinedia bitstream St45
encoded b)ﬂtehé;C&%ﬁ%r‘ih'ghe&cédﬁﬁrlt@quéarremrdédi t@f thimeecofdkng 10 nmedi um
M As shown in Fi , the authorin coder DC c rises a nultinedia
brtstreamﬁﬁhxﬁkﬁau@%oﬁtr§§@néFr ?gFé AT Rt b@?h@°§?§FéﬁWbontroller

st tfer 2400 d 2500 buf f
P Gt G AR L R B BT Sr g0 PN DA 28725900, NRdeo

decoder 3%98, qg d 3 0 d%ﬁ? S i_zer
3500, video dgﬁa(ﬁ% #gfer§§§g§E§6%g gﬂ?%f %? ? %Qggg%a 3700.
The bi tstr@mﬁé@moﬁﬁ%&oapgkﬂis%a r:ee%qlrdaﬁl r@%ﬁ ShéVe iRt 2004
for driving the recording nmedi um a readi ng head 2006 for reading the

i nformat i eenicasorfted goutde seenedi ag wagi ve Medakgumwduci ng the binary
read signal St57; a signal processor 2008 for variously processing the read

signal St57 to geneWhaér thésrepladmedd sbisatrraam&tH| St25 atd, aand
reproduction controller 2002. -29 The reproduction controIIer 2002 is
cornect ed Sté tile aktoidied) Syenem tover brbedcast) fihemwidedh amd audio

signals are supplied in real-time from a video camera or
other imaging source; when the multimedia source data is
reproduced from a video tape or other recording medium, the
audio and video 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,



mul timedia bitstreamreproduction control signal St53 is supplied, and in
turn generates the reproduction control 5 signals St55 and St59
respectively controlling the recording nmedia drive unit (notor) 2004 and
signal processor 2008. So that the user-defined video, sub-picture, and
audi o portions of the multinedia titjge-edited by the 10 authoring encoder
EC are reproduced, the authoring decoder DC conprises a scenario selector
2100 for selecting and reproducing the correspondi ng scenes (titles). The
scenario selector 2100 then outputs the sel.ected titles as scenario data to
t he aut horing decoder DC. 15 The scenario sel ector 2100 preferably

conpri ses a keyboard, CPU, and nonitor. Using the keyboard, the user then

i nputs the,agil edReaaglipn dased ool neoeoBaRkI0k e SCanar - dopu by

t he aut horing erc on t eyboard 1 nput, gener at es

the scenarig 2219% G i tdatey S SlsepeshEyi Nng the sel ected scenario. The
scenari o selector 2100 is connected by an infrared conmuni cati ons devi ce,

for exanple, to the xecbw SySFed. cont thkl anthding evdiddy igci nputs the
scenari o selection data St5l. -30 Based on the scenario selection data
St51, the dempdiisgssystsemrnzonts odd Bro230001 hencgdiagatys tiele dairftsioldan
reproduction control signal St53 controlling the operation of the bitstream
prodlucer 2200, Sillke sncesimih FT®s VDB hatreaspbuiffies BOLfer capacity used
to tenporarily store the reproduced bitstream St61 i nput fromthe bitstream
producer 298brPégtrzet enFOdRFdrRY i FHRTRHEFeRe af8TPAMt PRE feFn&Moni zat i on

data SCR (system cl ock referegﬁég_for each stfgan1 and generate | O
bi t st r eam *BALPoPNFREETSVES / 1Q R YUIPRTT9H080Ps SYSEeR0RREOCET t o

e oot ggp /S OULOSR AL, Lal SlobiaguPpbies Ly Seneralcd

bitstreamT roni Zer d to the 15

decodi ng et Lakls 00 fromwhich it receives the system cl ock
ref erence %§§g%%$§iﬁegkﬁﬁ ?ﬁe synchroni zation control data St81 to set the

i nfernal system cl ogieSTG Yl AHD| HotherEeseispystenpelicek Siadd o the
decodi ng system controll er 2300. 20 Based on this systemclock St79, the
decodi ng 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 scenario 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), keyboard, CPU, and source

stream buffer. The scenario editor 100 is connected to an



system control |l er 2300 al so generates the streamread signal St65 at a
specific interval and outputs the read signal St65 to the stream buffer
2400. Based on the supplied read signal St65, the 25 stream buffer 2400

out puts the reproduced bitstream St61 at -31 a specific interval to the
system decoder 2500 as bitstream sts7p Based on the scenario sel ection data
St51, the decoding systemcontroller 2300 generates the decoding 5 signal
St69 defining the streamlds for the video, sub-picture, and audio
bitstreans corresponding to the selected scenario, and outputs to the
system decoder 2500. Based on the instructions contained in the decoding
signal St69, the system decoder 2500 respectively 10 outputs the video,

sub-picture di is ; : 4 r r 400 to the -
ideo buf f or T80 L e o et T ey 5300° Chnd audn BurTar 300 as the

encoded vi dgQ18tmneaTaSElurcANERHad Stb; PEeBUr 8ndl K@8MaSle’ Fuppid &ncoded
audi o stream St75. 1~ The system decoder 2500 detects the presentation tine

stanp PTS and decodi mhd ivgestaaptIS ablieheosmeidresiuceoiiolvided amd each
bitstream St67 to generate the time information signal St77. This tine

i nf or mat i onaséjoatofpdriens ssufpldted mwltiwedyachronceeda280 stimgowdle t he
decodi ng 20 systemcontroller 2300 as the synchroni zati on control data
St 81 5 Baseddbsplaysasginspeakieraticorcenhirnl that aosteht ife thengenemiated
2900 determ nes the decoding start timng whereby each of the bitstreans
will be arrthfed-i nThReUssrcder e ctfiehckoabier BBEoBAR4S sRAtEREN

enerates and . .
g according to the desired scenario using the keyboard,

mouse, and other command input devices while confirming the
content of the title on the display and speakers. The

10 result of this multimedia data manipulation is the scenario
data St7.

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

15 within a defined time period, and how the selected source
data is reassembled to reproduce the scenario (segquence)
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



-32 inputs the video stream decoding start signal St89 to the video decoder
3800 based on this decoding timng. The synchroni zer 2900 al so generates
and supplies the sub-picture decoding start signal St91 and audio stream5
decoding start signal St93 to the sub-picture decoder 3100 and audio
decoder 3200, respectively. The videoydecoder 3800 generates the video

out put request signal St84 based on the video stream decoding start signa
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 video decoder 3800 thus detects the
presentation time information contained in the video stream St83, and

di sables th id ou t e i 5,5t t he | ength of the
recei ved Vi gg%’ssrggémtagﬁgtﬁsg%e%?@%r?g%‘még hgﬁsd\gggﬁ% i @&%&&Y%‘??’Bﬁ
time. A vidgp,steeam equalsdsn length to the specified presentation tine is
t hus decoded %9 the'vi deo "decoder 3800, which outputs the reproduced video
signal St104 to the t | Z8F 8900 € £SO mRINGH, ‘(ggéggg i
simlarly generates %%%%ﬁtﬁ%e %%%gﬁfzar g%ﬁe??l Si gr‘l:g.'l St bagé f.:?on t he
sub- pi ct ur eridecedi 88rskatbaS PrFds. andopst BPEe i EQckhNg ySURMHYEF AN €
buffer 2700. In response to the sub-picture output request signal St86, the
sub- i ct ur eeheibd Eng2ZAQ BASeaUbRItey dthieors UE pscénaeist dagm Std5 ahe t he
sub-picture - 33 decoder 3100. Based on the presentation tine

i nf or mat i orexemibededimnlthaesulslyi ctivre stwheam Sn88dinge isnkdiiatiale
decoder 3100 decodes a | ength of the sub-picture stream St85 corresponding
to the speci®lbewpreddhiadi ofiMendd d =S pPrivrEctandesappipet thehe

synt hesi zer 3500 t he_sup- pi chur,e si.gnal St99. The sgnt hesi zer 3500

super i mpos €PN 9B otRRgREL tEPEG4 2 fP AR ARt red SF 4RI PEPgesEy hgerst at e

d h lti-pi id [ | 05 he vi.deo 10 d
Corni nal 360, et SAFELtefalar S5705 %0Srdrhils dARPSHBER E4rbeFhe audib
buf 280 dj t_Si t 8 th di t
dociSii ng startoel orit &BUEETHER SRR A ShepfulkibRaaio
stream St 87%4:93);4'@ @MEOTQGEBdEQn\%%%n&-E@ i fi@ﬁq(g;aélrgéggsdecodes a

| ength of the dudi o Stream St87 cofresponding to the spe presentation
time based @fridg ﬂwss@t@ﬂoenbbaani;nb?e&ﬁtﬂi@h Cotd\@sl i hibeqaydi,0
stream St 87, and outputs the decoded audio streamSt101 to the audi o”data
out put 20 tteime red B 0bimitedstbhtheptdsiebhredia mepros ueen chrsei zdethaed
mul timedia bitstream MBS in real -tine according to a user-defined scenari o.
More speci fdpetdyioraeh theevahéousepysélesc compatidites ein Hoenaase, ofhe

aut horing decoder DC 25 is able to reproduce the title content desired by
thelduser semmantisk edkting asqeercsibedr apoyducithp tSrurRe t$hodan
bitstream MBS correspondi ng.to the selected scenario. It is therefore

possi bl e byYRSR o Q?ﬁ“%ﬁ%}ﬁo??lhbeg?@t B¥h BeaNFe Ofr &sdhigh frReRF on to

generate a % mul ti rredé'a bi t stream accor di g ;co plural user-defined
storage medium such as semicon CTOX memory.

During batch editing in which all multimedia
source data is encoded at once ("batch encoded") after
20 scenario data St7 is generated for the complete title,
delay time Td must be long enough to process the complete
title or longer. 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.



scenarios by real-time or batch encoding nultimedia source data in a manner
wher eby the substreans of the smallest editing units (scenes), which can be
divided into plural substreans, expressing the basic title content are
arranged 10 in a specific tinme-base relationship. The nultinmedia bitstream
t hus encoded can then be reproduced.agcording to the one scenario sel ected
from anong plural possible scenarios. It is also possible to change
scenarios while playback is in progress, i.e., to 15 select a different
scenario and dynam cally generate a new nmultinedia bitstream according to
the nost recently selected scenario. It is also possible to dynami cally
sel ect and reproduce any of plural scenes while reproducing the title
content according to desi enar,| It kSt f
means of the authori ngsy‘%?tré%%gﬁ:%t h@gi}ﬁg%)sg%% ]lﬁ?lé\i/gﬁt P%%at grogrn(g:gi}z %\%‘%%t
only repro t e i i b : j n
sk dhld oL erRal el b0y il i fEd acébsgatl&gareowféﬁé

real -tinme. et ai oring systemis disclosed 25 Japanese Patent

Applicatiogdidyed SOt EaDeEq3Tro49960d aMe ariPwalétheAuandtagsngned to

t he sane assigrniee as the préesent application. DVD An exanple of a digital
video diskdda¥)) with 5 only one recording surface (a single-sided DVD) is
shown in Fig. 4. The DVD recording nediumRCl in the preferred enbodi nent
of the invention conphesencaddaga systmmliguntueiber RS0 tfis sohnferadmdihi ch
data is witten and read by 10 emtting | aser beamLS, and a protective

| ayer PL1 dovdiisnpadnanie aedbtordifg smdf F&ERSEs ARckanarapedaBrl is
al so provided on the back of data recording surface RS1l. The side of the

di sk on whiSHY prhaxaincme- | BjeFedL 2N §her SHrGedase (RTEHEPR 2BdelpBatho
Pt A AL e S el
Surace. ReHATR oYy it R4 EER" SLPHAMC SRRl 2 00 Kesafal 85" £RR" 4! N
TP ht i anE b P A D SR RIRTREs, AU Wha AEh e tenpeding,

recording 4 a8 tRSedredOrsBdehy ARRLYMBAIA BRAAIdd @dtu N fihe or ot her
reflective coating as a data | ayer 4109 on a first 25 transparent | ayer

4108 havi ngnzd@diid @ilgHaldi cknpsstii, and38tiBi supigist tHanspparstetayer
4108 al so functions as the protective |layer PL1. A second transparent
substrat e 4kkH dlora wiexknessbARi¢tmrej oasdasutihe leackkddignd ayEncBidingnd i s
bonded to the first transparent |ayer 4108 by nmeans of 5 an adhesive | ayer
4110 di sposde ehssligtavessiariA and nendgtiageg . 41¥pteothat multginedizk | abel
may al so be di sposed on the second transparent substrate 4111 as necessary.

Thépri nti BeWESHPetatrl StoesShbt APty BEfePutPEtefiter dp¥aitctiPRa of

the second 10.transparent substrate 4l 11 (backi ng | ayer 1), but on
T% by thé)source stream bu%%erg an a%e erefore y

synchronized to encoding parameter signals St9, Stll, and
Stl3.

More specifically, encoeding parameter signal St9

20 is the video encoding signal'épecifying the encoding timing

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

25 encoding unit by specifying the encoding timing for



the area needed to print the text and graphics of the disk |abel. The area
of second transparent substrate 4111 to which the printing |layer 4112 is
not forned nay be |l eft exposed. Light reflected fromthe data | ayer 4109 15
(metallic thin filnm formng the data recording surface RS1 can therefore
be directly observed where the | abelpgs not printed when the digital video
disk is viewed fromside SB. As a result, the background |ooks |ike a
silver-white over which the printed text and graphics float when the
metallic 20 thin filmis an alumnumthin film for exanple. Note that it
is only necessary to provide the printing | ayer 4112 where needed for
printing, and it is not necessary to provide the printing layer 4112 over

the entire %réﬁggugg EQ%&%‘%{EQ ! aﬁ(ﬁéogkﬁgsparéﬁl an%gts%!gn%cﬁ. éflg!stlrétl on

of area i S shomn 10 Fi are to t he

common_contge O%n%g%z;g;ég r’sltcﬁ}?ai'ﬁ§édt Eanaeaé%attel Y HHQ and the

data | aye romwhich data is’read 5 by emtting a | aser

beam LS, 8&}%9@&@;' ﬁn&ecwyd&c#éa&ﬁ@aﬁyq nghéhenteaghls tahitkke it S | ands

(i.e., the lengthof the intervals between the pits). Mre specifically,
the pit angktasdl sepfiguration formed on the first transparent |ayer 4108
is transferred to the data | ayer 4109. The 10 lengths of the pits and | ands
areSshorter, and thBagiedornftidet iméabasackslhtimpcéhiy tHetwsdn Sepiences
is narrower, than with a conventional Conpact Disc (CD). The surface
recordlngehnmﬂiwglsegmen¢ﬁbm§gﬁﬁnﬁdmslﬁ%lov%§3 Serud SaSofint ldefir st
transparent |ayer 4108 on 15 which data, pits,are not formed is a fl at
sur f ace. 'ﬂﬂ#%%%%ﬂﬁatF8H§ﬁ%w9ﬁ¢%uﬂﬂﬂ?%&%ﬁﬁlﬁﬁ FEEPBFlPeFHFBr§§ﬁen¢heand i's
a transparent panel made from.the sane terial Qﬁ krst t ranspar.ent
3%2 Pe

| ayer 4108RFIRRDt BY SFEBs SO O AT IARE THICHR pRePEr S867 3 Gual
apd.conn02§¥ﬁf0 ggférféﬁﬁt%%55 g@ggagfggi %5 %ﬁgggéaon shall not be so

limted I'nf ormat i on i rating the surface with

3 lpser Dol 00 08hBbbih0 ditahandand dfecd PLEACEIXELYAEE the gt
spot Becaus jective Tens aperture 'NA can arge and the
wavel engt B-g1ationship.

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

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

20 of each title in one video zone VZ.

The encoding system controller 200 also generates
the title sequence control signal St39, which declares the
formatting parameters for formatting the title editing

units VOB of each of the streams in a particular time-base

25 relationship as a multimedia bitstream. More specifically,



~38_1 of the light beamsmall in a digital video disk system the dianeter
of the light spot Ls used can be reduced to approximately 1/1.6 the |ight
spot needed to read a CD. Note that this neans the resolution of the |aser
beam LS in 5 the DVD systemis approximately 1.6 tines the resolution of a
conventional CD system The optical _9ystemused to read data fromthe
digital video disk uses a short 650 nm wavel ength red sem conduct or | 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

O hent 1 (s PEL 0Lkl Soth ol |05 Gndl Ol 3h MEIRRCM B AeBhaMdl o

wi t hout |osThg rmage qu y beCause orage Ccapaci
Ol¢ ng

singl e-si deghe SEOGhEL RYRE BEQQé@n”QCHEdéPE‘ngd%EHgOBﬁl@%t 2

surface RSl as thus described is nearly ten tines thé storage cagaC|ty of a
conventi onala GP. £ £618 [RSHhE, mhitlien2( 4 e wi€eeafr SNt 8L @B Lo reh a
conventional CD systemis approximately 74 mnutes if |nage quality is
sacrificed,the equahtéyofi dRe images adtdy at it Ueoepiesrgt ahien (Yoae)
exceedi ng two hours can be recorded to a DVD. The digital video disk is

t her®2f ore viettesleaein@sths tikéeoediing nedinit$ ovVoRi dEoplurgés. -39 A
digital video disk recording nediumw th plural recording surfaces RS as
descri bed atrRmmodecthomnpabhfigs. 7 and 8. The DVD recordi ng medi um RC2
shown in Fig. 7 conprises two recording surfaces, i.e., first recording 5
surface RS1 and senlTPPaHéS&PeﬁPQQQﬁﬁuPQ%cb?dFﬁ@nQGFF§c§°RSQG SPuUElFe same
side, i.e. side SA recorded or

b, |
r epr oduced STo% I‘Fé‘ég?’?/\ﬁ#eEB?dFﬁSnEEﬁggfé%qu%?ﬁne’b‘? %r@ﬁ? | aser beans

LS1 d LS2 f d.10 di
surface ReERTEHlE Sutfln SoRFEOTE R 2Ry AR oo s TR S i EES R
and; RS2 us'm&&'ytp%oétihfn %gaege@%ogﬁ% duaﬁ%ﬂemei ;rgegfd' ng

nedla t hus conprised are cal si ngl e-si ayer dis §houl d

al so be notedddwdivdiye tmcwgﬁgdpaga%%t%ﬂs Ry angd B?@ ai&e@row ded

in this exanple, it is also possible to produce digital V|deo di sk

recordi ng @iy i iynel esthaintddeeebedigh@ siiifaceesa RS add sksd t hus
conprised are known as "single-sided, nmulti-layer disks." Though conpri sing
two recor ditngnisng f dods 2t es) ntlharéycbdlhlge coecdrtdiargs nidt atlshoamcodikdg g. 7,
the DVD recording nedi um RC3 shown in Fig. 8 has the recording surfaces on
opposi te sisd@rtfantheenl skand . the matisripd tiypst. d&tossidde diatesialace RS1
on sjde SA and the second data recording surface RS2 on side SB. It will

al S be 25 WRADUNTHAS WTTE R ?AP\AﬁlgéeoF&gﬁtflsuraﬂ’&cése]eﬁ%mﬁ]ovm on

-40 one digital t han t recordin

k. his
st o R el hah e riA D aseh: Bhy Ehel vitea AhcADdts daan Wi th
th di di Fig bl t
separate | S0P (et e 'Q%E"is%“?“e?eco SRR R b L b Y,
t d/ R |
o 1 ead W ije gy Iy £ 4e0Teli 2 UL 8PS B31e20dROAISLNG A SI Gl | aser

beam Note that thls type digita eo disk 1's ca | e-si ded,
dual -l ayer diygdam ddigM || al so be obvious that a doubl e-sided digital video
di sk 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 St11,



10 be conprised with two or nore recording surfaces per side. This type of
disk is called a "double-sided, nulti-layer disk." A plan view fromthe

| aser beam LS irradiation side of the recording surface RS of the DVD
recording 15 mediumRC is shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording tracd IR is provided fromthe inside
circunference to the outside circunference 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 thhe 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 TR is normally fornmed cl ockwi se inside to
out si de (segnhar&aw-3cBide fariisddie 3661 decefdspai BpelA filc the-# Nt dghe - 41
circunference of disk RCA to the outside end point OA at the outside

ci rcunf er enggbopitbardi skrdanh e th sdeiéifatot ahengneoddde rglwakiteer BAA.
This type of disk RCAis called a cl ockwi se disk, and the recording track
formed 5 t heteeami Stedl.l ed a cl ockwi se track TRA. Dependi ng upon the
application, the recording track TRH may be forned cl ockwi se from outside
to inside circunferefbe @sblarenwwden 7A0FLE. 216 Foomadtiedutei theend
point OB at the outside circunference of disk RCB to 10 the inside end

poi Mt | B atSYWECEnSraear PufHedr SicdEhf TP SR SREROThE 08 SRREP rBrati ng
cl ockwi se RdB. Because the recordi tr gy appears_to w nd, countercl ockw se
then Vi ot ACOTE RSy AERRe CONEESHB AP 1 Fiher SHELVHS EPECHHmaTbrcR on
di sks with the, recording a fqr i 5 gng ég | of. arro ,
t hese di sksalécfleor Ié"ra‘?%ds%rg élé dc%&%cejor cﬁq‘ocgﬁ% S |£s%8%€t:%gvmstlﬁnal Vgtq}%'
counter ol 0Gl &2 1636%1IEBcha drRloioy Sdnierild Al SRt | N glidha 3
Not e t hat trac%?d%régtllons BrA a?fyc%rgare the track patﬁ_s I'onga\i%dcho’? he
| aser beaméﬂél}/ﬁhéia‘héﬂgéeéﬂg' B_Qrtal?r@_tterra@_ﬁﬁgi(rfﬁ $61 1 ecendi Bdazad Bldack.
Direction of disk rotation RIA"in which disk RCA turns is thus opposite the
di recti on ofod réxeko@as haDepecatd cipages iodn wfe divdkid osatkan BEB id which
disk RCB turns is thus opposite the direction of track path DrB. - 42 An
expl oded vigamexfatdietise ngheodededuddwalstirayger St19.
The video stream buffer 400 is connected to the
video encoder 300 and to the encoding system controller
200. The video stream buffer 400 stores the encoded video
15 stream Stl15 input from the video encoder 300, and outputs
the stored encoded video stream Stl5 as the time-delayed
encoded video stream St27 based on the timing signal St21
supplied from the encoding system controller 200.
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 Stl7 as time-delayed

\



di sk RC2 shown in Fig. 7 is shown as disk RC2o0 in Fig. 11. Note that the
recording tracks fornmed on the two recording surfaces run in opposite
directions. Specifically, a 5 clockw se recording track TRA as shown in
Fig. 9 is forned in clockwi se direction DrA on the (lower) first data
recording surface RS1, and a countergclockw se recording track TRB forned in
countercl ockwi se direction DrB as shown in Fig. 10 is provided on the
(upper) second data recording 10 surface RS2. As a result, the outside end
points OA and OB of the first and second (top and bottom tracks are at the
sanme 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/wite

di ti t ' . The_ 15 fiyst d d bott di

L1 ks {nuETRORFhRTRLSEAER SEREPLEAS MASSH G Adhe  Ceninby pirack
ths DrA DrB of. th bot t.om, di | ite t k

Pt hs.  Copaeite THRA TR CYpEr o REPRICEIY * IO (TR GAr ™ AP ORe Re2o
tate in di ti : di ' ' f RS1

Wih Che laser beam Tert FSSE: RGESPAG Lotk T by AOTB e he

recording Leaneded RS HStahgesr thgldék” Ha6e Rl + ek tél‘?céé@?gcbeam LS

reaches the outside end point OA t aser beam LS can be 25 re used to

end 5poi nt Bt ke rkeemtkrF e£06 di NheUahaEe streamfRPhAe€0dd NYeoteaci ng
the recording track fromthe first to the second recording surface

uni nt erruptae. ehitedeiy Hwhlo dtstame eSbebweaputthe rioec drhd reoad T A ckscd®érand
TRB on the first and second recording surfaces RS1 and RS2 can 5 thus be

i nst ant ane@adl,y agld roheat exhittgutss nphy edfadedngudie fsdoesmfStie dasthebeam
LS. It is therefore possible with an opposite track path type,

si ngl e- si dédmeddailayadeenfiededR@eA i@ §E§Pﬁv pitddedasere areddrali Bgmingcks
di sposed to physically 10 discrete tqg and bottomrecording surfaces as a
singl e conBilHN8ds SEESor ARy 18R ot the BREPELHFe SYSEETHELNHIRLIST an
autporing 8ten1as descri bed above with reference to Fig. 1 to

co& I nuous § record the nultinedia bitstream MBS that is the | argest

[ ti di dat Lt dis j RS1
ond RS2 on a single S s HEh ehonle 300¢ 8 LR ICARA AR L PAES
tracks on gecgpdi BYrehd acRs RN RS2 CaPrBenBHURE kN slolte diyLed i ons

opposite those described above, 1.%€., the counterclockwi se 20 track TRB may

be provi dedtgBathBultifest sRCOTAHNKISIIERECARSE 80 tERE cohRloN 18- tadsk TRA
on the second recording surface RS2. In this case the direction of disk

rotation iandl $e ehapgetively cunkiisk tloéptbpnwRdB, theetdhe -@wldyap t he

two recording surfaces to be used as 25 conprising a single continuous

reddrdi ng enaclledsvddecr isttettam St27, time-delayed encoded sub-picture
stream St29, time-delayed encoded audio stream St31, and
the stream encoding data St33. Note that the system
encoder 900 is a multiplexer that multiplexes the
time-~delayed streams St27, St29, and St31 based on the

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

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

The video zone formatter 1300 is connected to the

25 system encoder 900 and the encoding system controller 200



-44 above. For sinplification, a further exanple of this type of disk is
therefore neither shown nor described below It is therefore possible by
thus constructing the digital video disk to record the nmultinmedia bitstream
MBS 5 for a feature-length title to a single opposite track path type,

si ngl e-si ded, dual -1ayer disk RC2o0. -l0te that this type of digital video
disk nmediumis called a single-sided dual-layer disk with opposite track
pat hs. Anot her exanple of the single-sided, dual-layer 10 DVD recording
medi um RC2 shown in Fig. 7 is shown as disk-RC2p in Fig. 12. The recording
tracks fornmed on both first and second recording surfaces RSl and RS2 are
cl ockwi se tracks TRA as shown in Fig. 9. In this case, the single-sided,
dual -1 ayer gh&k Re2Bnl ehat as U EIEivgkithse 1hoBp b6 sdiangctiien of arrow
RdA, and the direction of laser beam LS travel is the sane as the direction
of the traceghénat, cobntrolt k& draAckst®d hetdhihyestigpaandaket t om recordi ng
surfaces are nutually parallel (parallel track paths). The outside end

poi nts OA afesypedtivplgneuppiltiend.20 Thrackst he esagaencpr ebatablly spgsiatli oned
at the same radial position relative to the center axis of the disk RC2p as
descri bed #fiR.cortaiss dbschficradtdboge skant kR ®K@2otihdng,i anBi ghell,
the access point can be instantaneously shifted fromoutside end point OA
of t¥ack T%&Rﬁﬁ?%éﬂglPéFaEEtﬁééoMﬁQQ;?ﬁu?%ﬁ%??&ﬁ {Bormatdudsi de end point

QA of track on the second recordj surface RS2
appropri at é‘l"bltaJdTetg%? %"Fﬁ*érﬁée‘uy %’#g%e%‘?ﬁ’?sf%m%?ﬂdggﬂd poi nt

CA. Ho f t he | t t th | ogk
Fecor di ng. BT EiRe t 48084 eetﬁlsfgﬁ.” P R 556 R PR v iing
di RC2 t t
o P2 g e IHE k09 %@%%éprgcse.dﬁ%ﬁﬂ e g O
however, itof scidief {4l egbqhanchargatida 1 i ptdoial ¢ 4i ci@z@éfél@e ofnd he

recordlng medi um As shown by the diagonal arrow in Fig. the | aser beam

LS i0s .t herfidiens myPgiheqint Beredinsidgdeaemt4mi nt OA of the track on the
first recording surface RS1 to the inside end point A of the track on the

second recordi ng surfheemBIZitmedise Hi¥dtesen MBS stbyedisedete recordi ng
tracks as one logically continuous recording track. Rather than using the
recordi ng EcmkAiong top the bserofefdoeddisapraniaces themrerbnits nves
recording track, it is also possible to use the recording tracks to 20
record t he TRAXK i B2 B9 ¢ stTganﬁeﬁ’BSdreé'r 1390 drafessas e"g'ie ®Bfiktedpe of

o al vdesdishorecording medlums callied s nale o deg, el L aver

forged 25 o} the NACOLd 9y SHEE 268 SMISEnA IR et AP IS £dllatrea
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

S5t35 may be output directly to the decoder to immediately
reproduce the edited title content. It will be obvious
that the output multimedia bitstream MBS will not in this

25 case contain the volume file structure VFS.



-46 descri bed above, i.e., counterclockw se recording tracks TRB are
formed, disk operation remains the sane as that descri bed above except for
the direction of disk rotation, which is clockwi se as shown by arrow RdB. 5
Whet her using cl ockwi se or countercl ockwi se recording tracks, the

si ngl e-si ded, dual -layer disk RC2p w28k parallel track paths thus descri bed
is well-suited to storing on a single disk encyclopedia and sim| ar
mul ti media bitstreans conprising nultiple titles that are 10 frequently and
random y accessed. An expl oded vi ew of the dual -sided single-layer DVD
recordi ng nmedi um RC3 conprising 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. O ockwagehbT irec @ghddet rdck TRA is provided on the one recording
surface RS1, and a countercl ockw se recording track TRB is provided on the
ot her recordi ng surfRager&S2rrad enboddmendéced nihe enoribningredeacdéhe
outside end points OA and OB of the recording tracks on each recording
surface arBC20sgdefter @sgodmstihe onetit aneths bitstradimMBSosiditoed rey ati ve
to the center axis of the DVD recording nedium RC3s. Note that while the
recor di ng Eh&cRyTtHOTUNEE eneedrdi Bg ofr FA€eBrREEN&nd NRENYisrat @rich opposite
directions,_ the track paths are symmetrical. This type of 25 recordjng

medPum i s PREFEPYr ESPRAANcR thaicuPPEeRFded 8aah titde vajiér amearddng
tri track paths. This, doubl e-sided_dyal | di sk with symmetrical

Crack pathEORERE PoEst SE5HSH (RCThB: P A GHERSFEARF AR PTG Fhe 1t st

di RSL. | h

acor di ng SUFPAERoRS 0d e TopdTTh Stk T4 SasoefPeePEsAEMEkalne o i v

whi ch the i WeRd$e 1iowe whdi ' i hn t rdi
surfaces R%%ng%éwsgz§ﬁs}iong talt1 singllg‘lpeeirlﬁ)éaasg A%tﬁ?ngf?*insgf Egr EP %?g%r?gtb@g

real i stic théesfesbiri@gofenthtRidierE@CIESSedtSra0at tBUBHE SbcdPding

non-conti nuous. In addition, a nultinmedia bitstream MBS is separately
retdrded twmedhemr ®cordi ng surfaces on the first and second sides of the
disk. A different exanple of the double-sided single |ayer disk RC3 shown
in Fig. 8 is shown iAs EhpwridimsFiysk3 15tRE3authorénghdecbldiex dicsk
conprises clockwi se recording tracks TRA as shown in Fig. 9 on both

recor di ng SeMPEHEESSRE1I MIAE IRGALAPIfghrede prededsrg2PeCor dFagamdadi a, t he
out si de end goi nts OA and OA of, the recording tracks on each recording

surface ar@® ?EFEFaBFQOpOQQﬁQQﬁﬂﬂzﬁ¥§qﬁﬂzﬁfﬁﬁﬁﬁg}%ﬁi%ﬁoﬁosFFFSﬁmrelative
doubl o- 51 deet BoI 21 B er SGrEERM ot MR Lol V960 ORELRS 26487 desor bed
sboye, {1esbu2pkectne! Be3a ool hird dgen SR 000, et eoATYIIR! {1 o8-
with asympighcal i 4EACKeRBERS 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 St61;

25 and a reproduction controller 2002.



- 48 This doubl e-sided dual layer disk with asymretrical track paths RC3a
rotates in direction RdA when reading/witing the first recording surface
RS1. As a result, the track path on the second recording surface RS2 on the
opposite 5 side is opposite the direction DrA in which the track w nds,
i.e., direction DrB. This neans thatygif a | aser beam LS is driven
continuously fromthe inside circunference to the outside circunference on
the first recording surface RS1, and then 10 fromthe outside circunference
to the inside circunference on the second recording surface RS2, both sides
of the 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 recqrding surfac S a I the same with this
doubl e-si ded dual |§§/’§r |%’f<°(§/m@?ﬁf%§yc}nqr§????§%rt 2502 g%t e ta
result, it. si.b/ Sad/ Ldes..at th i sk without
provi di ng %%%a?%?gdggéergg g:aetfrrrgc;or eaz(i!(r: élgi%gégfﬂf-ﬁlg gggfgcgp% ng nmedi um
RC3a is t‘%ﬁ)@f@iﬁ&&ia%&‘é@%&eﬁénﬂ%p%é%ﬂ eagk bl €s2BRaRALYS AL

t herefore be constructed economically. It should be notéd that this
recording h LR d ENBRHAS 1 huReiror@derd ttanttwal r @yesdi bt eerntentheakw se

- 49 recording track TRB is provided in place of clockw se recording track
TRA on botdi gre€Ds ds 85 sahBiaces sRYe spat tHS2 1 Ascatetsco 1 berdgabhee, the true
val ue of a DVD system whereby the storage capacity of the recordi ng nedi um
5 can be emrédydimgreediéd Byiwve ngid nmatiqyle 3@84ram@ceighad surface is
realized in nultinmedia applications whereby plural video data units, plural
audi o dat PuptessorndOPBural graphics data units recorded to a single disk
are reproduced through interactive operation by the user. 10 It is

t herefore possible £8 §BﬁFeﬁ@%mﬂ§qqﬁﬁﬁé§%ﬁli“gd%%siFBb6P1§6PFﬁarénd
(progranm ng). providers, specificall tQ pr.ovide ogr anmm ng. content such
as a comnﬁéa%§)9ﬁﬁ$%pBﬁ 893% &I@uﬁ§§5ﬁﬁﬁﬁ;qﬁﬁﬁ%ﬂéﬁ%ﬁ%ﬁh?%lgbﬁrsions f or
different | a gr.aphi r [ r | i t i e

qula ity of ‘%}g&g’?f%i na?‘.ggggr (rg%t g}r%c%r‘# %%I%“gerﬁqgr#theeprag%@dé#gw%f Qgrrgﬁgggand

video titlgs ébae(@fg@éfeat geaﬂgﬂoh@@ﬁteetﬁro%% ﬁwrgeyle@a@ﬁngggﬁae the

inventory of individual titles in multiple I'anguages, 20 typi y the
| anguage ofergasiueh s rt et EerrBBpkati ngnédandd -(wittakd)y | | erpackages

conformng to the parental control (censorship) regul ations of individual
count ri es sderlEtriopes elslctort b1doethea. cthputtismeEhendalesotsd esit gl aed for
this are significant. Wile high inmage quality is -50 obvi ously

i nport ant sderamir@giaman g tbhat enthoudngabecoder DC.

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

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.



consistently reproduci ble. The digital video disk recording nediumis close
to solving these problens. 5 Miultiple angles ' 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 achieygd by 10 neans of the nmultiple angle
function. This nmultiple angle function makes possi bl e applications whereby,
for exanple, a user can watch a baseball gane fromdifferent angles (or
virtual positions in the stadium, and can freely switch between the views
15 while viewing is in progress. In this exanple of a baseball gane, the
avai |l abl e angles may include a position behi nd t he backstop centered on the

catcher, "bat ter, andspiLahep «ARe LAmARNILh Jbe; backstgpsgeat exgd on a

fielder, the pltcher catcher; and one om center show ng

the vi ewtaetéb%;m %té&ﬁldc&ﬁ{:fbﬂeﬂ@3@”@etthté?¢§eeﬁ@péu§ s, the
digital video dISk system uses MPEG the sane basic standar ormat used

Wi th Vi deot3Rstiredme ek ddiectvi GﬁocoﬁtlﬂbQ, sdigdlll GL5ANELIIERET 1 Bhgnahedat a.
Because of the differences in storage 25 capacity, transfer rates, and

si gnal prooceexiatg qrerdDritencei t stbdanwpt bdnckelre 20@m.oduct i on apparatus, DVD
uses MPER, the conpression nethod and data format of which differ slightly
frofmthe MPEGL for nEtheisstreanhbVEfes- €B90 hasshodpedif hotedf faat t he
content of and 5 differences between the MPEGL and MPEG2 st andards have no
direct rel &8P@FSIHY USed Heo i TRTEPRT ¥ 11YieSpPESehe Fannadirecarki testraen
description is therefore omtted bel ow (for nore information, see MPEG

speci fi cat P&R IlS’(EuflfT?T%lrkp? @ﬁ%@ﬁ%ﬁm BEO?HESTARE O FefiiaCTof the DVD

systenlacco |n resent_ i vent (S de crihed .i.n deg bel ow with
ref erence £8 f’bg‘]’rfg"‘ LA J:ﬁa SYNCRRPIL 28R éjt?%tarcﬁ CB fully

f t | £4i 1 f d fti- |
scene BPSyks@?% Eﬂﬁ%tl. < nrﬂe?{ ale) °€+§g SaBho¥EReLn, ?%%dn‘;d%ié&e”ra“ou{ out in
mngr, subplieWaws MR 1 'da&r%' norREbst ARk fhe >33 Md deo and

audio output. If these functions are achi eved by preparing an ecordlng

separat e tat.usas coahleTtEN G ELane Q:fec?&hirkt? E98YeR08hkRke 102enBR]o | aek and
nmuf ti -angl e scene pl ayback requests, tles that are substantlally

i denti cal whdcti fitesuppldrlsy thenareneaystedshibetreanr dettirelt BatLecor di ng
medium This results in identical data being repeatedly recorded to the
| arger par&téB.the recording 25 nmedium and significantly reduces the
utilization i )

The synchronizer 2900 1s 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 Sté65 at a specific interval and outputs the read
signal Sté5 to the stream buffer 2400.

Based on the supplied read signal Sté5, the

25 stream buffer 2400 outputs the reproduced bitstream Sté61l at



-52 efficiency of the available storage capacity. Mre particularly, it is
virtually inpossible to record discrete titles satisfying every possible
request even using the massive capacity of the digital video di sk nedium
VWiile 5 it may be concluded that this problemcan be easily solved by
increasing the capacity of the recordli ng nedium this is an obviously
undesirabl e. solution when the effective use of available systemresources
is considered. Using nmufti-scene control, the concept of which 10 is
described in another section below, in a DVD system it is possible to
dynam cally construct titles for numerous variations of the sane basic
content using the smallest possible amount of data, and thereby effectively
utilize thg ayaidiahie Ssderalesoutressyeeear deapamdiaggo MrneidStream
specifically, titles that can be played back with nunerous variations are
construct egdtbrram basi ¢ (commopn) scene periods containing data conmon to
each title, and nufti-scene periods conprising groups of different scenes
correspondi ng to theBazedoos thguesesarber isegd ez irgprdaitet$oH], t heeuser is
able to freely and at any tinme select particular scenes fromthe

muf ti - scendepedilgas st aanarollennsd PlcgenerAtes ¢oe slarading the
desired content, e.g., atitle omtting certain_scenes using the parental

| ocR cont r SEIN@AcStES defiming \Eghe sHRERUFES- §8€n§h@oﬁH4ﬂ°@mabllng a
parental | oc back conjr ol ciion and nu tl-an scene back is
descri bed ?Hgaﬁ&tc%é’rrese&ri r?%’r%%’v&ﬁ??%?‘%r%%’éeFB d‘ngz% 351’1%
structure of VD ) s em Th cpur S t aut hor.j system
of a dlgltﬁﬁ %eo §i% 5 enﬁgggérdﬁ%%gt%gtﬁgg Sggg% ?%fg %rbﬁ#%? ‘'shown

in Fig. 22 To recorﬁ@ed‘%ﬁ'ﬁ?&“ﬁgﬁfﬁ&ﬁ?@ﬁbwgnttaq'rx%dj'lg{ vi deo di sk

system di vides the 10 recording nediuminto three major recordang ar eas,

the | ead-i8e@b8any silgh 1V AHLYE, scneé:esgé%exar@eéda@ei—egéo@ua—e%%th@eﬁhe

| ead-in area LI isS provided at ‘the inside circunference area of the optica
di 8. In tbetgutks the ddadd bedinvgiciafes entd d0dFogpitetaedmt0 inhe

| ead-in area LI is positioned at the inside end points |A and | B of each
track. Datfxrénr thealsitirieam gpufffero@erel itom Wie thiedeepbudfeirngéappar at us when
reading starts is witten to the lead-in area LI. 20 The | ead-out area LO

i s correspordrpgrfurec dudden QWQQAMEQQcﬁ?@i@cﬁ#ﬁ%@énééoéfaﬁhﬁheptlca

disk, i.e., at outside end points QA and OB of each . track in the disks
descri bed ﬁPFﬂdFQfEﬂéﬁ@eﬁﬁ?qﬁﬁx§t1}QﬂﬁPQRﬁeQXﬁ%P|HéﬂFPF9| AGTeR® &kd3of the
vol une space VS is.r gwé 25 t gﬁgead out area LO -54 The vol une
space VS i 3¢ oERFEFHe EQ%Qa A area LI. and | ead-out area LO and

[ ded + t
o er than or cquat oTRrD) i e 2508 Fet ERCHHe) Brie iRy |
sectors Lscfxégdé‘égiﬂgnbﬁl Ly dnld@&?dﬁ% thlhe #bamp -DTE- of NEHYOLYIE18RRCE VS

is also div I nt une an
contrel unit in each bitstream St67 to generate the time

information signal St77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding
20 system controller 2300 as the synchronization control data
sts1.
Based on this synchronization control data St81,
the synchronizer 2900 determines the decoding start timing
whereby each of the bitstreams will be arranged in the

25 correct sequence after decoding, and then generates and



file structure managenent area VFS and a file data structure area FDS. The
volume and file structure nmanagenent area VFS 10 conprises m+l | ogic
sectors LS#0 to LS#m (where mis an integer greater than or equal to zero
and less than n. The file data structure FDS conprises n-mlogic sectors LS
#m+l to LS #n. Note that this file dat® structure area FDS 15 corresponds
to the multinmedia bitstream MBS shown in Fig. 1 and descri bed above. The
volune file structure VFSis the file system for managi ng the data stored
to the volune space VS as files, and is divided into | ogic sectors LS#0O -
LS#rn where 20 mis the nunber of sectors required to store all data needed
to manage the entire disk, and is a natural nunber less than n. Information
for the fil esnpudsedhe tidedisereanadscrdingr etarda siD®als S48 tem thet he
volunme file structure VFS according to a known specification such as 25

| SO- 9660 or v3Gep3gegoder IR0 Thesed| endbhassdegeddng HigunS Bwpri ses
n-mlogic sectors LS#m - LS#n, each conprising a _video_manager VMG sized to
an integer mEYACHrOTERZGhedYidlsRcIBRer2b28 PR, SHRSE S i(t% known

i nteger), and video title sets 5 VIS #1, - Stk (where k Jj.s a natural
nunber |ess i ﬁPiGSfFeﬂﬂfQﬁ nanger S Vltﬁggg £Re ﬁqd%?rﬁﬁﬁﬁﬁﬂmmt

0 00 LR IRCPAAS, e LA 2L LOD, Lt BULLAL 0, Al ppgen:
voee, L1 e, B i edlpe sald etk gspubestotyl e remeseniing il
each video title set 7The 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 of the received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
is thus decoded by the video decoder 3800, which outputs
the reproduced video signal St104 to the synthesizer 3500.
20 The sub-picture decoder 3100 similarly generates
the sub-picture output request signal St86 based on the
sub-picture decoding start signal St91, and outputs to the
sub~picture buffer 2700. In response to the sub-picture

output request signal St86, the sub-picture buffer 2700

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



VTS shown in Fig. 22 is shown in Fig. 16. Each video title 15 set VTS
conprises VIS information VTSI describing the managenent information for
the entire disk, arid the VIStitle video objects VOB (VISTT VOBS), i.e.,
the systemstreamof the nmultinedia bitstream The VIS information VTSI is
described first below, followed by t4ie. VIS title 2d VOBS. The VTS
information primarily includes the VISI nmanagenent table VTSI MAT and
VTSPGC i nformati on table VIS PGCI T. The VTSI nanagenent table VTSI MAT
stores such 25 information as the internal structure of the video title
-56 set VTS, the nunber of selectable audio streans contained in the video
title set VIS, the nunber of sub-pictures, and the video title set VIS

I VT d
| %87 har L3REHREE AYEO)aacilf o WL HECERARLAGH Bie Wi SR RRDCD
#1 - VTS POCL & nb@l i¢OMHD! it deupd ay@@&lsmsg%%ncq:héfﬁmﬁlééﬁréab' e

entries VIS PGCl #i is a data entry expressing the progra

conpri ses gebWReRe 3j10i0S gadbidd &l Tumpek) ofethepbaybasledufordmtdon 10
bl ocks C PBI #1 - C PBlI #j. Each cell playback information block C PBI #]

contai ns tbespl apbaelspoeiencaoftidieswetifhad pregkatl tion ilne to
information. The program chain PGC is a conceptual structure describing the
st oby of theprbtheeceantesuprdnd ttcherted csyntibedbenes S5oige tdter uct ure of each
title by describing the cell playback sequence. Note that these cells are
descri bed $wbdpiatlreesd@nalf SH¥SH. exanple, the video title set information
relates to the nenus, the video title set information VISI 20 is stored to

a buffer in the pIaﬁW&tFXﬁﬁh?ﬁ?%ﬁﬁﬂﬁ?ﬁ%y%%Eﬁr§FBP§§SIqh%fﬁiqﬁﬁn t hen
ME t trol. d | d
Dl ayback . PHRNBLaPHA0R 450 CORrERa e S 1S b ar o PR st Rhy
;Rfornatl @uﬁEQdeﬁglﬁﬁlEQe §Q uE%P%f%EO'£1$£E1”§efasa&% LRNGRShi ca
e main nen ore

as pro ran1ch
10 data output terminal 3600.

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

15 audioc 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 St101 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



-57 information VIS PGClI #1 may be di splayed, for exanple, by pressing the
MENU button, VIS PGCI #2 - #9 nmay correspond to subnenus accessed using the
nuneri c keypad on the renote control, and VIS PGCI #10 and hi gher may
correspond to 5 additional submenus further down the hierarchy.

Al ternatively, VIS PGCl #1 may be thg top nmenu di splayed by pressing the
MENU button, while VIS PGCI #2 and hi gher nay be voi ce gui dance reproduced
by pressing the correspondi ng nuneric key. 10 The menus thensel ves are
expressed by the plural programchains defined in this table. As a result,
the nenus may be freely constructed in various ways, and shall not be
limted to hierarchical or non-hierarchical nenus or nenus containing voice

nt or mati ontiar HE=dEaR Fadhdit by PLefRRIBLR I8 MERRALAIE, D) oy back
starts, thBiEEﬂQQﬁKM%%Vic%e:xfdé‘éférﬁi‘ﬁ?& thergel bepbaark e descri bed

by the program chain PGC, and reprodutes the system stream e "cells"

referenced here nayztteiaslitmérmfeoﬁoébgbusvo?mn@ar@rafazﬂdeare used as
access points during playback. Cells can therefore be used, for exanple, as

t he "chapt gnghokhg whistlem df tdhee Medenti Yhdedtidat &d haineaacde of the PGC
information entries 25 C PBlI #j contain both cell playback processing

i nf &r mat i omultifh8dandbd tstreamfaaramtd g tabl plufhd celel -pef\ibaak
processing information conprises the processing informati on needed to
reproduce shenaeits bichead-thiaeprasdatal ;nesdbngnauliibedisl source
repetitions. Mdre specifically, this information 5 includes the cell block
node CBM @2F2 BhodkMEppercBhersdyntdses sikseeims| a§ Ske smaddesdaved

allocation flag | AF, ,STC resetting fl.ag STCDF, cell ,presentatiqon tine C
PRTM  searfSLErafoRBiERansEonesy SHBLCh (G Ko S veRedeiate Radads C

FVOBU SA, d the | [ VOBU Q. C LVOBU SA. No h
A Eah L el sEilY B RIS I 6 SPhYERY SPaestrras e ot em

seani ess p“f’%y% refer fon"Th a

OfI@“|ti”Qﬂk@ﬁ?%%ﬁé&?ﬁb“qaﬁg—ﬁ%@%ore;&#fﬁnéﬂ¥k§“b'piCt“re data wi t hout

intermttent I'n the data or informatio Seam ess IS playback is

described in detail tha aRaithefeSQC!d DM Mhid eRESHRACE O tHdh 3 and
Fig. 24. The cell block node CBM i ndicates whether plural cells constitute

one functiwastodhest. atberaehy poaphacloranfsarmid dd oé18aebacekbni N a
functional block is arranged 20 consecutively in the PGC information. The
cell bl ockanmxtkp 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



CBM of the first cell playback information in this sequence contains the
value of the first cell in the block, and the cell block node CBM of the

| ast cell playback information in this sequence contains the value of the

| ast cell in the 25 block. The cell block node CBM of each cell arrayed

-59 between these first and | ast celd3 eontains a value indicating that the
cell is a cell between these first and last cells in that block. The cel

bl ock type CBT identifies the type of 5 the block indicated by the cel

bl ock node CBM Far exanple, when a nultiple angle function is enabled, the
cell information corresponding to each of the reproducible angles is
programmed as one of the functional blocks nentioned above, and the type of

these functépeakibhoeks issdiysed i vedchy sawal uesiidendd fad nthe anedeentn the
cell block type CBT for each cell in that block. The seam ess pl ayback fl ag
SPF sinply apgidetedonmhet her the corresponding cell is to be Iinked and

pl ayed back seam essly with the cell or cell block reproduced 15

i mredi at el yDYBer ebefore. To seanl essly reproduce a given cell with the
preceding cell or cell block, the seanless Rlayback flag SPF is set to 1 in
the cell playback infay aamnle opftAadigerpl @O ESKSPOVR) seitho 0. The
integleaved al l ocation flgg_lAF stores a 20, val ue Ldentrag ng whet her the
cel |2 exi st SCPAY aCBBNFPGRFE T SR TFRalRSHIELRTSiAeth&VOY| 115 Shest BT an
interl eaved_bl ock, the flag IAF is set to 1; otherwise it is set to 0. The
STC resettingIf1 ag - STCDF identifies whether 25 the systemtine clock STC

used for SynChron'Za&%@ﬁd”ﬁ“ré&%rding medium RC1 in the preferred

embodiment of the invention comprises a data recording
surface RS1 to and from which data is written and read by

10 emitting laser beam LS, and a protective layer PL1 covering
the data recording surface RS1l. A backing layer BL1 is
also provided on the back of data recording surface RS1.
The side of the disk on which protective layer PL1 is
provided is therefore referred to below as side sSA

15 (commonly "side A"), and the opposite side (on which the
backing layer BL1 is provided) is referred to as side SB
("side B"). Note that digital video 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 Cl in Fig. 4 is
shown in Fig. 5. ©Note that the data recording surface RS1
is formed by applying a metallic thin film or other
reflective coating as a data layer 4109 on a first

25 transparent layer 4108 having a particular thickness T1.



-60 reset when the cell is played back; when resetting the systemtine
clock STC is necessary, the STC resetting flag STCDF is set to 1. The

seanl 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 angle change is seanl ess, thegeanl ess angle change flag SACF is set
to 1; otherwise it is set to 0. The cell presentation tine C PBTM expresses
the 10 cell presentation tinme with video frame precision. The first cel
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 fromthe |ogic sector of
the first cell in the VIStitle VOBS (VISTT VOBS) as neasured 15 by the

nmb f t el | ast | 1_.VOBU. st d C LYGBU SA is .the vOBU
tart addr ol8t8r THREY BSAMSET ST (Y B obkOE TSI IES R S hklites i <
d i t he J qgi first i
VIS title VORRLESEL VAT e Aottt ot FRePataRs, Sieiilte AAC
VIS title VOHS, (MISEn¥EBSry ifufrot ildis MY LERBAbACRY b TaSlre R datag i S

descri bed next. The system stream data VISTT VOBS conpri sés i erel is a

natural numberposysiedbStheaksres teadsrawt cChayer2s1pef @gr falr & a
"video object" (VOB). Each video object -61 VOB #1 - VOB #i conprises at

| eas§ one vamleadnasavél bakernianioeaMdepoddd tipetebatwaxhnum ei ght audio
data bl ocks and up to a maxi mum 32 sub-picture data bl ocks. Each video
obj ect VOB conpri sesAqppiidrieng) liayer 4112 for printing a disk label
may also be disposed on the second transparent substrate
4111 as necessary. The printing layer 4112 does not
usually cover the entire surface area of the second
10 transparent substrate 4111 (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 example.
Note that it is only necessary to provide the
printing layer 4112 where needed for printing, and it is

not necessary to provide the printing layer 4112 over the

entire surface of the backing layer BL1.



5 natural nunber) cells C#1l - C#q. Each cell C conprises r (wherer is a
nat ural nunber) video object units VOBU #1 VOBU #r. Each video object unit
VOHU conpri ses plural group of pictures GOP, and the audi o and sub-pictures
10 corresponding to the playback of said plural group_of pictures GOP. Note
that the group-of _pictures GOP corregponds to the video encoding refresh
cycle. Each video object unit VOBU also starts with an NV pack, i.e., the
control data for that VOBU. 15 The structure of the navigation packs NV is
described with reference to Fig. 18. Before describing the navigation pack
NV, the internal structure of the video zone VZ (see Fig. 22), i.e., the
system stream St 35 encoded by the authoring 20 encoder EC described with

eforeee L0 P 2% did "‘ieo%ffﬂui. R dn s

one- di mensj.o d a Y, cqder . The
encoded a r@%t%éaﬁggt I 5 evm se t%ea%:%ﬁm#%gggd%o%ne%% (r)fg\‘%rhal
audi o dat g, st UcH

channel s enco ed bsurﬁécgﬂ%ﬁ 0 enco erEt %Ofé%g%%%?%%tggghg é‘é Sl gnal shal |

not be |imniedene aas.aelisge&« dN¥s G iRy Il SErdf whikht u@h_a_lnri@ read _
surround-sound si gnal he system stream (title editing unit VOB) St35 is

a dhe di msiamitcangay dhseachkead 15,2 dnd etz eisoreespaedi bg to the

| ogic sectors LS #n having a 2048-byte capacity as described using Fig. 21.
A stream cantyimg pelcé lengkasedfattheheifegiand nprodst bé. eit | ¢hediltamgrtuni t
(vOH) 10 St35, i.e., at the beginni of the video object unit VOBU. This
stream comtf dlh@atlktesvéésl between r\'-%\ﬁ tison pdtxranspeaifiraddyds thee
data arrangenment _in the system stream and other control information. The
encoded viRido a4 ebdn &t FONAAGUERE ioRcd@ddred on the first transparent

layer 4108 is transferred to the data layer 4109. The
10 lengths of the pits and lands are shorter, and the pitch of
the data tracks formed by the pit 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



15 audio stream St19 are packetized in byte units corresponding to the
system stream packs. These packets are shown in Fig. 17 as packets V1, V2,
V3, V4... and Al, A2, A3.... As shown in Fig. 17, these packets are
interleaved in the appropriate sequence as system stream 20 St 35, thus
formng a packet stream wth considgration given to the decoder buffer
size and the tine required by the decoder to expand the video and audio
data packets. In the exanple shown in Fig. 17, the packet streamis
interleaved in the sequence V1, V2, Al, V3, V4, A2.... -63 Note that the
sequence shown in Fig. 17 interl eaves one video data unit with one audio
data unit. Significantly increased recordi ng/playback capacity, high speed
recordi ng/ pl ayback, , and, perfor i pr.ov i D he .sign rocessing
LSl enabl € t %\‘/5 %§gg§mgf()amr eqs%‘o%ﬁ'?‘ pﬁr%r%lfgﬁ%ldg geéngl%}kursg{s hel
sub-picturg d higs t &) i i {el i.ngl
i nt elrol eavet?lﬁ\/glﬁf%rég{é?gmbgt Fg%mal)lgnthg" %%b%&%ﬁ ??ﬂebﬁsgreﬁ%%esﬁgltgct t he
specific ' R ' dppPenéepsadusedeld duidpng
pl ayback. %%%%%%?g g?Qt %e%?%?el%q{s?r e%m used in thi g %3%% g‘wDVD
systemis gt awnchde FHis1Reang deschdish below oAsthe kFagerlPeai®s in
packeti zed encoded video stream St1Sis shown in Fig. 18 as V1, V2, V3, V4,
...51n 15 #1d D¥exagpstemhvewphr okdietat €1y Mol 6 jtitewntheneededuaidno oft r eam
St19, but three encoded audio streanms Stl9A, St19B, and Stl19C i nput as the
sour ce datsa.cohirezmtboradl €0 swstemcoded sub-picture streans Stl?A and Stl 7B
i nput as the source data sub-picture streans. These six conpressed data 20
streams, Stl5, St|9Rhesppdscadi |sMstemn |Yednte K478, daka ifaray tdfved to a
single system stream St35, The video data is encoded according to the MPEG
speci fi catfigi @t WiReCgreEE YFesi &t §RET T berhd el eRFER of ®Bonpr essi on.
In general, each grou -oi gictur antains 15 f{ nes._ip the case of
Ctep 1t 8

gs GCPh?S S i s g
an NTSC siSfifatc® 8% EREcAF PG Df Frants R ofpP e8sB8 to one
is variahl.e. The, str a n ;) i j h genent
o(IBaq%a cont aaip%l}r}:gfr g&éxaﬁ%&m?hgﬁggl %t%%%ﬁ{mggﬁﬁﬁgggléagggeggt a, iIs
al so inter \, S5:Unipt £i ater Begay e~ gr (o] I gRures
GoP uniti%?%éﬁghf%ﬁﬁt %ggﬁﬁeSBdeS,QC'aﬁg#ﬁb t he ﬁﬁ %rogfgg?%e%a rgﬁes
per GOP unitdordiingesohdesiaktepyah abot her Hiemtdmagereal @asks. This
interval is expressed in terns of the presentation tine on the digital-
video di sk within art0isanperkfond) pbsicibld ctd.Hdteee. moetenepiedute t he
GOP unit. If the presentation time of contiguous plural GOP units is |ess
than 1 seqviddw namsgeschaviagaapaeksregelyhdadgtepaiatenbt davapsizal GOP
units is interleaved to a_single stream 15 These nmanagenent data packs are
refferred to & Haitmt i vhdpacriskvsyatere ddisk tvaithaweol @F 5T simagen The
data from one navigati on pack NV to the packet innedialely precedi ng the
next navi GRAGHEHRKCINES oFRB 5ﬁer998e8a§610é&y @ @ R LisTSHeral, one

ti pl ayback unit 20 _that D fi ' | | ed
Vi oo’ ob) SEPINGE LAFAF CHRROTTARY BOPAED VLR COMTaINE ANl S JEOCRR) oct

Not et hat SRAAE At i EnYr aoFrF EPelotd Phatly TG 3 ar ok,
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.



-65 When plural of these data streans are interleaved, the navigation packs
NV defining the relationship between the interleaved packs nust al so be
interl eaved at a defined unit known as the pack nunber 5 unit. Each
group_of-pictures GOP is normally a unit containing approxinmately 0. 5 sec.
of video data, which is equivalent 18 the presentation tinme required for 12
- 15 franes, and one navigation pack NV is generally interleaved with the
nunber of data packets required for this 10 presentation tine. The stream
managenent information contained in the interleaved video, audio, and
sub-picture data packets constituting the systemstreamis described bel ow
with reference to Fig. 19 As shown in Fig. 19, the data 15 contained in the

system streamis recprdeditalavidesnidipackaestfapegkesdzed Re€nr ghagaho the
MPER2 standard. The packet structure is essentially the sanme for video,

audi o, and redgord Marauritdces Re paclesortibediadidved 18 detowth Skn sgsgem has
a 2048 byte capacity as descri bed above, and 20 contains a pack header PKH
and one padkendPES, ckivh R ketcPESI pgnmeddsima Resc kedtowreaiderF #yH and dat a
bl ock. The pack header PKH records the tinme at which that pack is to be
sent from sorearhseg flvo 2zRTrrdiRgssenfacesdert - 2500 figst RepoXbingi . e.

t he system cl ock 2S reference SCR defining the reference tine for

synehr oni z&¥* faces B ln i -5 r3ns a2 EREFh 8EE Onth & aorE i i fRe® sunes

that the systemclogck reference SCRis the reference.clock _for the entire
decoder opéso?rt'i ik r?aé"ifchs’o‘%%k eS8t aséget ﬁé’df’ i 8¢ Fifko diRak?2 ifiRRver,

et or once EPodt i TR urae e AT S of T PREPHERS SRR SR il e
The packet headey; R SIFEd Iy oM Ak Ngi2rdPent laser beams IS1 and
LS2 for the first recording surface RS1 and the second
10 recording surface RS2. It is also possible to read/write
both recording surfaces RS1 and RS2 using only one of the
laser beams LS1 or LS2. Note that recording media thus
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



15 presentation tinme stanp PTS and a decoding tinme stanp DTS, both of which
are placed in the packet before the access unit (the decoding unit). The
presentation time stanp PTS defines the tine at which the video data or
audi o data contained in the packet should be output as the playback output
after being decoded, and the decoding tinme stanp DTS defines the tine at

whi ch the video stream shoul d be decoded. Note that the presentation tine
stanp PTS effectively defines the display start timng of the access unit,
and the decoding tinme stanp DTS effectively defines the decoding start
timng of the access unit. If the PTS and DTS are the sanme tine, the DISis
omtted. 20 The packet header PTH al so contains an 8-bit field called the

stream | D identi.fying the packet., type, i.e., whether the packef is a video
packet conf’é?ienidr’ré)/lé:ﬁ%i Jets t§l§¥r¥§nffhéspfa?‘\?5‘? SadiBte Ypﬁ‘a%n ¥PEG audi o
packet . =67 Pri.vate ket e[, Lhe tandard ar at a. packet s of
whi ch the ESﬁP@%ﬁW%M?%E?%?%%I@Qge%}%%dPQEES%E%g gghﬁkfﬁTE?ﬂetﬁfgeg

enmbodi nent A i i IS U carLy.,audi o - t he MPEG
audi o dat afﬁ%lé'gg su\{f\&'{c}.?t C ur}ke' da‘?g?w%o%lvg?% 5%5%%.?1%%31}%%@1%128%& ancket
and DSl paghgt. ;Prijyatie RackStSods fPfle 2t §3ERoGHRN kSR & dikete NERLEE.
private data“area, and data area. The private data area contains an 8-bit
subsst r eanmpbBRmksndisaatary Vdet HeF -f&@oﬁ@iﬁ«gcgﬁﬁl@acd&t &dI1S aimsslat roto
sub-picture data. The audi o data defined by private packet 2 may be defi ned
as any of eeghywkines Hékh recafdingesurPibesr RAC- Anan®@sed:slididp. a
Sub-picture data may be defined as one of up to 32 types #0 - #31. 15 The
data area &singhe flasledr theamhi ciNeke stlovhptleisetlynecofdidigittal hel dREG2
specification is witten if the stored data_is_video data; |inear PCM

AC-3, or MPEESkehBofadlest & i'Yowbievnided audradldarders ddsdr-dd; I Wihbhics
data conpressed by runlength coding is witten i.f 20 sub-picture data is
stored. MPEEBOcBRpPEYISNS it &at%v%wb%l%ﬂp%gé&albymmk 3N rat e
( §? or variable hit raL%i( BR) coding. Wth onstantfbit rate codjng, the
vi d8o st r el FEPPRASES S IF T het VYU BEf PEFLECST ESitstifiSrate.

This 25 conitas i rjahl j -t te ¢odi Lp:whisch Vi - 68
streami s ?h%%t E?ﬁyetro%l ;@eér]fﬁyset%]t%éeévaledecg%ﬁ% e?}ﬁltgﬁér eu}ecr%algi ﬁgexft

possi bl e tgisippress the generation of unnecessary code. Both constant bit
rate and variable bit rate coding can be used in the digital video disk

system 5 Because MRE@Mrlepid&atfres €©0aPILseLdbwhinh Dgarixakle 4 €neh h

codi ng, the data quantity in each group_of pictures GOP is not constant.

The vi deo apdeaddi theecediorg imgrearfiase dis fef , tlaeadDVbherecoediase

rel ati onship between the video and audi o data read from an optical disk, 10
antb t he timedbaseRCelist ishpsin @drbdtigeer® tared \Fpo hdd aldite dhladk eut put from
the decoder, do not match. The nethod of tine-base synchronizing the video
and audi o @anbinycufespiged ded@ iNsEPOHHRtHIacHeTBWLGI PHOoVeEedefE®m o

Fig. 26, but is descrihed briefly bel ow based on_constant bit 15 rate

codi ng. ThERRavN§atPoRF LSRRy edtas &urtd s LERMe | RiFFynference of

the DVD. The data recording track TR is divided into
plural sectors each having the same known storage capacity.
20 Note that for simplicity only the data recording track TR
is shown in Fig. 9 with more than three sectors per
revolution.
As shown in Fig. 9, the data recording track TR
is normally formed clockwise inside to outside (see arrow

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



20. Each navigation pack NV starts with a pack header PKH, and contains a
PCl packet and DSI packet. As described above, the pack header PKH records
20 the tinme at which that pack is to be sent fromstream buffer 2400 to
syst em decoder 2500 (see Fig. 26 ), i.e., the systemclock reference SCR
defining the reference tine for synchyjoni zed audi o-vi sual data pl ayback.
-69 Each PCl packet contains PCl Ceneral Information (PCIl G) and Angle

I nformation for Non-seam ess playback (NMSL AG.I). The PCI Genera
Information (PCl G) declares the display 5 time of the first video frane
(the Start PTM of VOBU (VOBU S PTM ), and the display tinme of the | ast
video frame (End PTM of VOBU (VOBU E PTM ), in the correspondi ng video

oo am . e ol M
It or mat 1 on Yo RBE: SE5H o0 BISyrk 10 [RREL ARG STH B The PRaotart
address of {he 6QEES8RORAWGNHHRML QD] SETLHBI &1 ¥IBYivheR HNGy A0 €cA S

changed expressed as the nunber of sectors fromthe begi nning of the video
obj ect VOB.rBes8iifg thant i Juxe o HEAEr BhRgkesyps OF sieyamde, ishere
are nine angle 15 address declaration cells: Destination Address of Angle
Cel | #1 forcabbedeantasskplizebatiek NNBId Athe Cte ©STFA) nyo thagtk fairmed Addr ess
of Angle Cell #9 for Non-seanl ess playback (NMSL AG. C9 DSTA). Each DSI
pack&t contthesedsl iGegeddled & elewkWwic@0tXdSk TRA, Seanl ess Pl ayback
Information (SM. PBl), and Angle Information for Seanl ess playback (SM.
AGLI). The DSI Gener epemdimeatyran (1 Tpplisetaras the arrasding the

| ast pack in the video object unit VOBU, i, e., the End Address for VOB

( VOBU- EA) , %giﬁ%sggg agythg formed clockwise from outside to inside

circumference (see arrow DrB in Fig. 10) from the outside
end point OB at the outside circumference of disk RCB to

10 the inside end point IB at the inside circumference of the
disk with the disk RCB rotating clockwise RAB. Because the
recording track appears to wind counterclockwise when
viewed from the inside circumference to the ocutside
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 R4A in
which disk RCA turns is thus opposite the direction of
track path DrA, and direction of disk rotation RAB in which
disk RCB turns is thus opposite the direction of track path

DrB.



-~0 nunber of sectors fromthe beginning of the video object unit VOBU.
Wi | e seam ess pl ayback is described in detail later, it should be noted
that the continuously read data 5 units nust be interleaved (nultiplexed)
at the systemstream|evel as an interleaved unit ILVU in order to

seam essly reproduce split or conbingg titles. Plural system streans
interleaved with the interleaved unit ILVU as the smallest unit are defined
as an interleaved bl ock. 10 The Seam ess Pl ayback Information (SMZ PBI) is
declared to seam essly reproduce the streaminterleaved with the
interleaved unit ILWas the smallest data unit, and contains an Interl eaved
Unit Flag (ILWflag) identifying whether the correspondi ng vi deo object

unit 15 VOBU is an interleave l.ock. The ! i_ndi es ether the

vi deo obj ect unit Vo) 2% °°gen imere v%’é&\t;\%léé,geaﬁ&di%?'s&u\%ao‘{fai(}ﬁén it
is. Gherw se L g;:LsS t-0 ;& s, [ object unit, V isin
an 20 inteﬁf%%%e C%I%%E%ﬁalan?%ENﬂeﬁ%%g I's d§% agggktgb?%dﬁga?éqﬁﬁi#ﬁw

the video %@&ttﬁ'g’ﬁttygsy_eicélrhliﬁg! aa KBY dimddechNERE! ea%ed bl siVU

Because the interleaved unit ILVU is the data unit for continuous reading,

the Unit ENRif#28esSreft ihOobpok ifee ARG ttisHeNt | ypbei REcheay,i & the | ast
-71 VOBU in the interleaved unit ILVU Oherwise the Unit END f lag i s set

to 05 An | dpsdleaied tecbrBidgAtdness TRA W4 Yownlebhi Fygngot he @demess of
the last pack in the ILVUto 5 which the VOBU bel ongs, and the starting
addr ess of imeheskwineediravtdonnDirAl PvUthdextlawee) | favetl Qata Start
Address (NT_ILVU SA), are also declared when a video object unit VOBU is in
an inter| eanaePHA e . SBoEACChBSLnt @nde gy EPWHAT FFRCAGHP@ S5 CPEVLNEA) and
Next Interleaved Unit Start 10 Address (NT_.ILVU S are, expressed as the
nunber of SEAYF STRP oFP¥REANAT] SQPPGErﬁé@?WStﬁ dierctipy DrB as shown

in Fig. 10 is provided on the (upper) second data recording

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

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

Opposite track path 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 two system streans are seanl essly connected but the audi o conponents
of the two system streans are not contiguous, particularly imrediately
before and after the 15 seam it is necessary to pause the audio output to
synchroni ze the audi o and vi deo conponents of the system stream foll ow ng
the seam Note that non-contiguous_%5Qjo may result fromdifferent audio
signals being recording with the correspondi ng video bl ocks. Wth an NTSC
signal, 20 for exanple, the video frame cycle is approximately 33. 33 nsec
while the AC-3 audio frane cycle is 32 nsec. To enable this
resynchroni zati on, audi o reproduction stopping tines 1 and 2, i.e., Audio
Stop PTM1 in VOB (VOB A STP PTML), and Audio Stop PTM2 in VOB 25 (VOB
A_STP,PTNE% indicating the tinme at which the ,audio is -72 5 to be
paused; anBSZulPoCPBEFBYEC AT IND g PErF BH8T1 T ERGK2 TrHome thenfins teap

L th 1 in V VOB A_GAP LENT, d di €] th, 2 V VOB A GAP
LERB), inh?%a%ﬁﬁéS?SpnﬂoﬁeFﬁﬁgE%ﬁggﬁﬁﬁﬁﬂé$su?gn ggﬁﬁﬁgggLnapgﬁhfso decl ar ed
i t he DSl t .t ti i fl t | Kk
or eci i on FoeEkr}. STREaRIH oS S8 bEE R bt prto TR oo
SML AGLI I%%%?hg‘gr i ... Not
ghat this)?ggf%é{§§5%F?a£aﬁ%ﬁégﬁga1ess, rnu t|-aﬁgﬁggggﬁﬁrgﬁdfggggg%f%d. ©

This addregguéSpal $AsexRE8RSeAsAY (e riHEHRIq by Sechpiy bl lggati on
pack NV of that VCBLF Because thae are nine oryfemeg an|§§FE?ﬁg?3¥§ge

ni ne angl erseldls e68 el aaabirobeasl 1. Destinati on Address of Angle Cell #1
for Seanl ess playback (SM. AG. Cl DSTA) to Destination Address of Angle
Cell #9 for Seamnl es3tpliaylthereofsMe AdssIbDSTALthNeheoppse itthattreaath titl e
is edited in video object (VOB) units. Interleaved video objects

(i nterl eaveathitypeedsinggennidep, adualefl@avaralisic RODBSte eadifife encoded
range of the source data is _the encoding unit. DVD encoder A preferred
enbodi nentPFACES T §re aFeGPEESNE| SK2SFSt ShSRATRS itR) RESHER1EED i n which
the,multingdia bitstream auihoring system according to the present 25
b0t | on G S GERFE Ok ABAdPGEFAR TPHES C Gk SR A5 878108581 bed

bel ow and shqyp inuFi . ZSd.It gﬁll be Q¥L%y%_that the afthoring.e coder
ECD appl | ST O TR S THERT AN HebTarER syt af PTG IRE 15 B2l BIPSLORSOVD
encoder, i i i i C | 5in
Flo 2 T e e M ofind SUERLRTR: MRk R M S R BT RaR Re” |

the DVD enegder; BCD @dnthguyh 89 2eB8rHORmR! e tL3Mu0f 1 Des At heriBe
encoder EC above with a VOB buffer 1000 and fornmatter 1100. It wll al so be

obvi ous t hgiat hits iHstI£0gR cocRdREiRydl B daB¥Drameedale i St 160 reser ded
to a digital video disk nmedium M The operation of this DVD encoder ECD is
t hér ef or e diesoréttedrdmsdoding senpacesoRSW ehd RS2awirhar istheheoder EC
descri bed above.
recording medium RC20.
It should be noted that the tracks on recording
surfaces RS1 and RS2 can be wound in the directions
opposite those described above, i.e., the counterclockwise
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 RdAB, thereby

enabling the two recording surfaces to be used as

25 comprising a single continuocus recording track as described



As in the above authoring encoder EC, the encoding systemcontroller 200
generates control signals 1~ St9, Stil, St13, St2l, St23, St25, St33, and
St 39 based on the scenario data St7 describing the user-defined editing
instructions input fromthe scenario editor 100, and controls the video
encoder 300, sub-picture encoder 500, and audi o encoder 700 in the DVD
encoder ECD. Note that 20 the user-defined editing instructions in the DVD
encoder ECD are a superset of the editing instructions of the authoring
encoder EC described above. Specifically, the user-defined editing
instructions (scenario data St7) in the DVD encoder ECD 25 simlarly
descri be what source data is selected fromall or -74 a subset of the

dat t ai pi I | . .titl i t hj defined ti i.od, d h
The Sel ect 20T cEoBACATRY YUMEEHAN ek { BOT EPF BRTETPRE Crortdiin t90e

] by, t K ' £ 1 \ d
SRR s SR e I e T S

contained in the ed&@'%%lﬁﬂéféﬂyg%ﬁgo§£§b92tﬁin%ﬂd@ﬂéﬂﬂééQdé&&ﬁb the

nmulti-title source Streaminto at a constant tine I nterval

nunber of auidi0a8ng;iaub- BEGKURS dalh 8! tife oAt RiNEHihNLeRER rEhE a8 s and
the 10 sub-picture display tine and period; whether the title is a

mul §i-ratefb#idl cegtabb-lgne@heriitild aok cainigle vbpbbértet headserpLeamt ent
is selected fromplural streans including, for exanple, multiple view ng
angl es; andypde sthbhdd-sfidednneéotalndagymenesistheRC2be aNgke ithaswitthcied
anong the 15 multiple view ng angles. The scenario data St7 of the DvVD
encoder EGIYps sof c@hwitad vddecoldiisk aradiymnivrcalieded sbhede-vdBladi t
basis. This information is required to encode the nedia source stream and
speci fi caldya}nt2Yi@Esds58hVilkho PRROAFFE L FrBCkMRAHRF - t here are nultiple

I t al trol feat ) | tipl I i ew
ohabl ed. the Scenar AOCKERT SOETH L Qb ML IHLe SRL08ng Pl TRE D! each
tyeam considerin ata interleav.ng.,and t.he di sk capaci{ t he st.art and
Zn{ times r}g%lgl e%%?lg’é%h??o%nfaggﬁﬁ RE2 Qow\?\?nét%eﬂi' s—/ga e%}%gg%ﬁﬁc?il&}f shoul d
b de b : . di f al j i
cont ol | of A L (FAR] CEEL (98N CRr I I Ford 08, SROBBLAYHYET
gener at es 4 {i¢ é@é‘ﬁ@@@%k&&%”&h&@!&c@b'@1a%a‘ir1£§§“éﬂﬁepéi@&ﬂrﬁé% required

for encoding control. The encoding information table and encodi ng
par anet er & ek sleprA | Hedshbivh L@ @ignce .t o In ghis 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



27, 28, and 29 bel ow. The stream encodi ng data St33 contains the system 10
stream encodi ng paraneters and system encoding start and end tim ng val ues
required by the DVD systemto generate the VOBs. These system stream
encodi ng paraneters include the conditions for connecting one video object
VoB with those before and after, the nunmber of audio streanms, the 15 audio
encodi ng i nformation and audi o Ids, t H& nunber of sub-pi ctures and the
sub-picture Ids, the video playback starting tine information VPTS, and the
audi o playback starting tinme information APTS. The title sequence control
signal St39 supplies 20 the nmultinedia bitstream MBS fornmatting start and
end timng information and formatting paraneters declaring the reproduction
control information and interleave information. Based on the video encodi ng
par anet er amRRSrenteli sgcsndr receddiing repxfynal RSEObyt pprictenl arekyder
300 -76 encodes a specif is part of the video stream Stl to generate an
el enent ary @diawh unfihei figeus e tleEGRSAH PR ahdard Qutisdee jend

| SO 13818. This elenentary streamis output to the video stream buffer 400
as encoded WY F¥eam St1S. 5 Note that while the video encoder 300

t I t t f ' t h Vi deq st andayd
def i ned 1 1'SO 13618, HUBRKPF C SER0GTIG AP AnBLERS LR £ AEE VTSPTHS vi deo
. 13818, “SBEEPF o *efiodd: . vi deo
b1 Pht 6, 1 RECAT Lot ke SoRbr ! SRS r eIy SPoFhelRBl | N

materi al tyr}%cdfﬂﬁijﬁélgrf‘é‘cgéhﬁézt,h%P@HtrE‘eréc?}.ldiﬁg e A S ﬁEaEAhu\Qtd%%

signal ,or télecine converted material, and whether the encoding nbde Is set

for either eRaR LR PrLKd o SDPee s 2dididionl 5 JTCcIMPEER, ceg'gagir&t hod is
basically an interframe coding nethod using the correlation between franes

for maxi mumasir@tali SO RUZESS| ODepén@ingt b futpsrerditi ay podedibhheft aheet
frame) is coded by referencing frames before and/or after the target frane.
However, 20 liastena-loaoed.d ; dnegever,eit, ifs dmest fiiwient eteodhdnyasetiesol el y
on the content of the target frane, are al so
1 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



inserted to avoid error propagation and enabl e accessibility from

m d- stream (random access). The coding unit containing at |east one
intra-coded frame 25 ("intra-frame") is called a group_of pictures GOP. A
group of pictures GOP in which coding is closed conpletely within that GOP
is knowmn as a "closed GOP. " A group of pictures GOP containing a frane
coded with reference to a frane in'dﬁgTeceding or following (ISO 13818 5
DCES NOT LIMT P- and B-picture CODING to referenci ng PAST franes) group-of
pictures GOP is an "open GOP." It is therefore possible to playback a

cl osed GOP using only that GOP. Reproducing 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 bedesetibked: ey biack- st@@enperalorsWiseprefwtding trac¢ksfrom
the mddle, as a transition_point in a novie, Qr for fast-forward play and

ot her 15 sPRBi arer Epradiot ibFHRRRT 21 R EpBRANEefGd FaBD R T e

achi eved in such cases by reproducin nly.the intra-f ® coded franmes in
a GOP or b@e?Eﬁﬁeﬁgcia?P@‘énﬁ?P?erpa O’?n&&%dbﬁﬁf:gwga? dad(;‘??]‘i HP AP PRt ure
stream encodi ng 20 ramet.er_ si I -.pi cture encoder 500
encodes a @Bé'i‘ﬁf Lz %gf’tc@lst%e&{sgﬂ%ﬂ%ﬁt%#eégf?ég%dgﬁ ;Jo generate a

var'sabl e length codgg iy r@%if?ggéﬁaggsggga%un@&y@é Laple length

coded bitstream data 1's outpu e enco sub-picture stream Stl7 to

the sub- piféesfdﬁé?eg@a%iéeuftfh@ 001 o -So36d, cBukhe1aydi0 BsOd

par anet er signal | 3, the audi o encoder 700 encodes a"specific part of the

audi o stream St pataldeneratei e adadk auskor dska. ishive19needadaud o
data nmay be data based on the MPEGL audio 5 standard defined in |1SO 11172

and t he MRE(Rrdndi onstasdagd edefiigkeeriayd S6pdBB8h 8andCs3imd0diro data, or PCM
(LPCM dat a.
multimedia bitstreams comprising multiple titles that are
10 fregquently and randomly accessed.
| An exploded view of the dual-sided single-layer
DVD recording medium RC3 comprising one recording surface
layer RS1 and RS2 on each side as shown in Fig. 8 is shown
as DVD recording 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



Note that the nmethods and neans of encoding audi o data according to these
standards are known and commonly avail able. 10 The video stream buffer 400
is connected to the video encoder 300 and to the encoding systemcontroller
200. The video stream buffer 400 stores the encoded video stream Stl5 input
fromthe video encoder 300, and outputs the stored encoded vi deo stream
St1S as the tinme-del ayed 15 encoded-¢#/deo stream St27 based on the tining
signal St21 supplied fromthe encoding systemcontroller 200. The
sub-picture streambuffer 600 is simlarly connected to the sub-picture
encoder 500 and to the encoding systemcontroller 200. The sub-picture
stream 20 buffer 600 stores the encoded sub-picture stream Stl7 input from
t he sub-picture encoder 500, and then outputs the stored encoded

sub- pi ct ur & astenrcat St IWwitl siyneedelizpsad tereoddgok thd- pi Thilsedstibdars $H28
based on the timng signal St23 supplied fromthe encodi ng system
control | er @A layer® qhekawditd stymeehriddlert ook ipathai RE@BEyrobatested to
the audi o encoder 700 and _to the encoding systemcontroller 200. The audio
stream buf fler BorakinresRihevBgboFER aiH/ Sk iaign He of IRpht recending audi o
encoder 5 700, and _then outputs the encoded %%ﬁio stream St19 as the

ti me- del ay S¢TERSSFIF laudi S st r E§FPSE3 1 & A5 BHRER | ¢ nEhei §REPNG: 25

ied f di | | 200. Th ) d 900
conRect ed FEANE G0 SRS, B BT PP RREOSE f et ks stPRAaRTEar FBF 600,
audi o S”eﬁmwéﬁ%rne% fﬁdwﬁkjepgreggdk@gc&yig]%scorﬁfeol | €55 200, ;800 is

respectively suppll ereby "w e tine- ayed “‘encoded Vi déo st ream
St27, ti mn@@d.ay%@&%mjﬂ 5YbRPLEEUER 9k SRRy Hdimeukle! Ryed,eNggdgd
audi o stream St3l, and 15 the systen1s%rg;n1encoding par anet er datg£§%§3.

Note that bhegakstieBeangaster H90ikStherdlrbirll et Admtidtidi pl exes the
ti me-del ayed streans St27, St29, and St31 based on the stream encodi ng data

St 33 (tim agrespeait)ivied geneiatBeti beeedi tisngomtiinticéORs) St 35. 20 The
VOB buffer 1000 tenporarily stores the video objects VOBs produced by the
sydfem encodar-co@d.infiais .or nTm t additdony; eadsuillzd médliay dd be themm MBER t 55 VOB
fromthe VOB buffer 1000 based on the title sequence control signal St39 to
gener at e oR€p@ra&elyorecmdeddtadbibet hiecesRdne surdeces ernstthetiimst/FS to

generate the edited multjnedia streamdata St43. The multinedia bitstream
MBS St 43 e@Pfedes°ld £99F REotPngie%-t he user-defined scenario is then

mul {1 modi & str oam dd 4 5% P6C1 RESBALE S6r SUR SOI STHRE G 1THLS ecor di ng
ol U N SRS R S TBLL Sp LRI 9L O
15 RC3a. Note that this disk comprises clockwise recording
tracks TRA as shown in Fig. 9 on both recording surfaces
RS1 and RS2. As with the preceding recording media, the
outside end points OA and OA of the recording tracks on
each recording surface are preferably positioned at the
20 same radial position relative to the center axis of the DVD
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.



system aut hori ng decoder DCD in which the multinedia bitstream authoring
system of the present invention is applied to a digital video disk system

i s described bel ow and shown in Fig. 26. The authoring decoder DCD applied
to the digital video disk system referred to below as a DVD decoder DCD,
decodes the nultinedia bitstream l\/@%&([agi ted using the DVD encoder ECD of
the present invention, and recreates the content of each title according to
t he user-defined scenario. It will also be obvious that the nmultimedi a

bi t stream St 45 encoded by this DVD encoder ECD is recorded to a digital

vi deo di sk nmedium M The basic configuration of the DVD decoder DCD
according to this enbodinent is the sane as that of the authoring decoder

DC shown in Fig. 3. .The differences are 25 that di fferent, video decoder
3801 (showAnas SEp AT sidsd Gl Tager SRk, A AR Y et Hecoder
3800, and a_reor in uf.fer 3300, and_sel e r_ 3400 _are di sposed. bet ween
the vi deo HBEBRe RC80EoRRT < rivh et S8t SEB 0 Ao B e 2 SRR I 3400 i 5
connect ed t S ronizer 0 IS nt.r ol y swi.tching

si gnal St 1%8.9 $§5%§pé%%r§r}'n§fe THis ﬁ/%ggéilebod%g elsglqlﬁere eo\r/.lllezt'ab‘;el'g‘cri bed
bel ow in compar LRORWW 1 Ihfy JUNd 10y deePEgE e DRsdesar iR itd0 AS
shown in Fgg?EZE? ?ﬁé_DVSEE%cgﬁir Dé%%%onpriseg a nultinmed a i%?iream
progucer 2098e $&CBPHIcR iR AFeOQ 1K i sleCEA NInSyBE e ot klder 2300,
stream buffer 2400, system decoder 2500, video buffer 2600, sub-picture

buf fer 270Qinasdi a.kuf,f &ir28¥qors\px@ v oni zer 15 2900, video decoder 3801
reordering buffer 3300, sub-picture decoder 3100, audi o decoder 3200,

sel ector 3400, syntsiszarea83t)hat dbd alalaseut peam &Sriimldx3s@Eh and audi o
data output termnal 3700. The bitstream producer 2000 congrises a
recor di ng eonkdonguedyvErem theodasigle inFwilerencecsedithg eudisiday a
readi ng head 2006 for reading the information recorded to the recording
medi um M aREr BRBIGERRGSt RE 61%1%' A rsdtadeSr nsr sy £ace §5alr pnecddedt 2008
for.variougly processing.the . read signal St57 to generate,the reproduced
biﬁgtrean1§f%W;£§§ QﬁﬁsgdﬁeﬁFE&H@ﬁ NSht o1 TioF g@ﬁﬁée cigsupfgrence
reproduction ntroller i 0 t h odi sygst controller
2300 fron1%ﬂig %t gcﬁﬁFt%%%éfgigét%ﬁ%ﬁﬁ%%{ﬁﬁ%ﬁﬁ%??%ngégg ré? gg&hal St 53

S SuPpll flcBPdihl hublufeRRha! Earl e HRRID ié@@ncaﬂkaethtakg?g:?fOSt 55

and St59 respectivély controlling the recording nedia drive unit r)

2004 and stghahiBk069es0and0R8+nhatt vieintpedifledi88€ YhEE9, beams
sub-picture, and audio portions of the nmultinmedia title edited by the 10

aut hori ng epgotre Efoasedeeproduced, the authoring decoder DC conprises a
scenari o selector 2100 for selecting and reproducing the correspondi ng
scéhes (titles). Th&hecdrack pedhectfmr 218001 ding osupliasesh@Ssekect ed
titles as scenario data to the DVD decoder DCD. 15 The scenario sel ector
2100 pref RSD| §reoapsPstbeasrapgbvatt, toRg dawbIrrsided dveahglayierkeyboard,
the user then inputs the desired scenario based on the content_of the
scenari o &btk BYthhaspupetnicadr tEepk BAHF ffiae 1ATLBFBSHRBut 1tthe CPU

doonari o iheaLEBnaPr8iBiPotPor S 00y RS S At tH 4 ThechBcaithg system

‘nput o, he” Gnera BRcYianad; SCobPREE AR Bl e en Gt B e Bl

copgrol | er.23003ing 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



-83 The stream buffer 2400 has a specific buffer capacity used to
tenporarily store the reproduced bitstream St61 input fromthe bitstream
producer 2000, extract the volune file structure VFS, the initial

synchroni zation data 5 SCR (system cl ock reference) in each pack, and the
VOBU control information (DSI) in the navigation pack NV, to generate the
bitstreamcontrol data St63. The str€am buffer 2400 is al so connected to

t he decodi ng systemcontroller 2300, to which it supplies the generated 10
bitstream control data St63. Based on the scenario selection data St51
supplied by the scenario selector 2100, the decoding systemcontroller 2300
then generates the bitstreamreproduction control signal St53 controlling
the operation of the 15 bitstream producer 2000. The decodi ng system
control | err@xepdingotorckadRB tife RERY1Eedi ABIPRREPLATk GlrakWiie on dat a
fromthe bitstreamreproduction control signal St53, and generates the
decodi ng iFASPFELNENEEEEKe TREg AT é?)o"?lbrr%%g{')%ilﬁg EYREAGeS Tk 3L RF+Hy

information table is 2Q descr.i bed further. below with referenc o Figs. 62
and 63. The decodinéss§§¥%ﬁﬁiﬁ) r%ﬁ?%?'Zgﬁﬁ 5r88 & t t%eﬁYétle

| or Tt Of, L£6Q" RS L.t DR ORGAl T SICMLT ombEhe L] L 3l o THek UL

ar ea FDS(ﬁy € m contro eneraté t e

i nfermati igpa : 200 4 t ext i §l & o f '
inc?udes t 3§V?%e%a§%% géPN¥é§§§a3b Eﬁ%%??n%oéﬁ%%? %Ev%§?€ﬁ35§§§§§be

i nformati QeteeessCrBh iziea 300 16 GRddi DI £58NL8LLIBNE MReERRTM Note
that the bitstreamcontrol data St63 is generated in pack units as shown in

Fig. 19, gwchisl5vsaps! aadal nehtshe mivresim dudferd@480uhd tishe agerodi ng
system control |l er 2300, to which the streambuffer 2400 is
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 regquired

for this are significant. While high image quality is



connected. The synchronizer 2900 is connected to the decoding system
controller 2300 fromwhich it receives the 10 system cl ock reference SCR
contained in the synchronization control data St81 to set the interna
system cl ock STC and supply the reset systemclock St79 to the decodi ng
system control l er 2300. Based on thigsystemclock St79, the decoding 15
systemcontroller 2300 al so generates the streamread signal St65 at a
specific interval and outputs the read signal St65 to the stream buffer
2400. Note that the read unit in this case is the pack. The nethod of
generating the streamread signal 20 St65 is described next. The decodi ng
system control |l er 2300 conpares the system clock reference SCR contained in

th t t I t f 400
byt om o oGP R b EXAE L Pnb” BELERRRTER DI 100 S8 APCs (e
read requegty g 'wﬂgifﬁk%g§§§%g$b§ﬁsten1 8~ clock St79 |s greater t han

t he systen1c|oc enc e bitstreamcontrol data St63. Pack

transfers are Contr%@ddba[heé@cu&u@g Bhisk QUMY idY AEIBuRNI 8 PRGKe UNit.
5 Based on the scenario selection data St5l, the decoding systemcontroller

2300 gener gegdiRa riiecdisy S @PBemsSt 69 deflnlng the streamlds for the

vi deo, sub-picture, and audio bitstreans corresponding to the sel ected
sceari o, amndtdl tahdled he system decoder 2500. 10 When a title contains
plural audio tracks, e.g. audio tracks in Japanese, English, French, and/or
ot her |anguages, andmp# uirtesadtpvet aperatioks Widelgulstdudles im Japanese
English, French, and/or other |anguages, for exanple, a discrete IDis

assi gned t Budkdmesaa I@@H]e?-r@,@g%"ﬁ Fedavkis ASrdbBer MEEF Aowke Whle to
reference to FI% 19, a stream|D is assigned to the video data and MPEG

audi o dat achang até"l.?oﬁc’rsé‘&rﬁq‘b from B LrR 21 8CERE iSbVirwes dWrng AC 3

322: Onggéaﬁglglgg B&ti‘ﬁﬁ %t arih ndsc?ear\x/eI gat"_l‘hls pacgay\/llgf orlrgatac leve ! ey the
10 means of the multiple angle function.

This multiple angle function makes possible
applications whereby, for example, a user can watch a
baseball game from different angles (or virtual positions
in the stadium), and can freely switch between the views
15 while viewing is in progress. In this example of a
baseball game, the available angles may include a position
behind the backstop centered on the catcher, batter, and
pitcher; one from behind the backstop centered on a
fielder, the pitcher, 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



20 these I D nunbers, the user can select the | anguage of the audi o and/or
subtitles using the scenario selector 2100. If English | anguage audio is
sel ected, for exanple, the ID corresponding to the English audio track is
sent to the decoding systemcontroller 2300 as scenari o selection data 25
St51. The decoding systemcontrol | er,2300 then adds this -86 IDto the
decodi ng signal St69 output to the system decoder 2500. Based on the
instructions contained in the decoding signal St69, the system decoder 2500
respectively 5 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 audi 0 stream St75. Thus, when the

stream | D WAERARUEDE SRPTRIUSIIRR | FPRIFRERSr BYBoUSAF HEGRcKND i nput

f th t buf,f 2400 tch,.th t d 25Q0 tput,s .t

cor r espondF BB BRERS P T AL AL I LLFTRRE OF . 873 P& Ao AIERE 600,

sub-picturFrQHngE %?%%1 %%1ﬂ§§“4§éﬁg%§¥h2§88é°'EBSThe syst em decoder 2500
a anp and

detects the presentation tinme s ecoding'tine stanp DTS of the

snmal | est control unige idy Wl t,StESRAMSLE7 the Q%%ﬁgﬂfigfﬁgﬁdnﬁ

information signal St77. This time information signal St77 is supplied to
thessynchr@npze¢e3888 batuah it deorh nen@Ovsrebestaaakialsl 8hv230@ as the
synchroni zation control data St8l. Based on this synchronization contro
data St8l,qibecsypehatibrehi2Odd deierintast tbe treogregentainvienfiiog,

wher eby each of the bitstreans will be arranged in the 25 correct sequence
after decahdgfuattethdrsgerni@tdioes imndherdffore npunistelebeildeo ($bream
decoding start signal St89 to the video decoder 3801 based on this decoding
timng. Theosgnéhformnasiong0ces & Efe saetehleaeienpplfes1ihd2sabdpi cture
decoding start signal St91 and audio stream 5 decoding start signal St93 to
t he sub-pﬂ%ﬁ%T%3%g€bder 3100 and audi o decoder 3200, respectively. The

vi geo decoder 3801 nerates the video output uest . signal St84 based on
t he” vi deo strean1deg§&iH§t§t§FFQﬁﬁﬁﬁﬁ %#ngea §805¥5EF? £6°PREINAIES
buffer 26QQ._ 10 SpQ .Q t i QUt put_r Lgnal $St84, the
vi deo buf&%ﬁaé%ﬁ%g%é?ngggﬁﬁéggiggoﬁggggg%#g?ggjﬂ%ggﬁgivﬁﬁgBdeégger 3801.
The vi deo 8 ; detec t prese ti t4 i nformation
containedlﬁﬁft %ﬁsgdg% g??%én?%fS%?’aE%'dﬁggbpgg t he v%ggo out put request
si gnal 15 pgt84; Whesnt heohepgih of the received video stream St83 is

equi val ent” To the specified presentation tine. A video streamequal in
length to the specihi gd1pyeFamicatiional iarml imrddtscadbcpadednty 1t hecki deo
decoder 3801, which outputs the reproduced video signal St95 to the

r ebdr der i ngplmfhack 20u380PHoandndehadtdraddle. sBegw el diea cnchaedt ivnleo
streamis coded using the interfrane correl ati ons between pictures, the
coded or devusthcenizobe ayher deer dsonprdiadve o4y SV tam drtpnt in amnem; t
basis. The video cannot, therefore, be displayed in 25 the decoded order.
The decod&RBHEE€a %S eWhhieefbidl Presenting substantially the same

video and audio output. TIf 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



_88_ tenporarily stored to the reordering buffer 3300. The synchroni zer
2904 therefore controls the switching signal St103 so that the reproduced
vi deo signal St95 output fromthe video decoder 3800 and the reordering
buffer output 5 St97 are appropriately selected and output in the display
order to the synthesizer 3500. The sudy picture decoder 3100 simlarly
generates the sub-picture output request signal St86 based on~the

sub-pi cture decoding start signal St9l, and outputs to the 10 sub-picture
buffer 2700. zn response to the sub-picture output request signal St86, the
sub-picture buffer Z700 outputs the sub-picture stream St85 to the
sub- pi cture decoder 3100. Based on the presentation tinme information
contained i ; - pi st 5 ub..pj.Cl. 1 oder 3100
decodes a Igﬁ%?%lggk?ﬁéﬁiﬂgﬁ%i%Y%?££§§§egﬁkg?§§ %8 F%%%éﬁaiﬁﬁgf% t he

speci fi ed p?g%%ﬁtﬂa@lg | N tQs rePEOGNE Ry ARFpSURRYY of @ d NS SYH fkﬁ:?.’é.éthQESDO

t he sub-picture signal "St99. The synt hest zer 3500 superi nposes the selector

20 3400 out pyk1wist i atthe SuhPisiare $6888b1 8t 98ghas@erReicH a1l oghgut the
video signal St145 to the video data output term nal 3600. The audio

decoder 320flagefi®eaicepaarict s wmpliles digibelaudaaobdib®r maiid he wrudie

out put request signal St88 25 based on the audi o stream decodi ng start
signél St93itThey be 8@ncdudiesl iHdterti2B90prbbienutcpot det la=ildi sslveam
St87 to the audi o decoder 3200. The audi o decoder 3200 decodes a | ength of
the audi 0 sPYeiRrSe8?ingr tdsp@anani iy 2hetRpereerrdiprey@ttiam orthisreis
based on the presentation tine 5 infermation contained in the audio stream
St 87, and oBPpAPYiPHE l¥edvd&s R 1e I3 ar 4 191eh othRe e @i ivg F o1t Dht

t er m nal 3700..kt Es thu%§ ossible to reproduce.a user-defined nultinedia
bi t st ream MBSt h2P&g SYF FESFHERES R GOPTARFIRR i ned scenario. More

P01 CaLY, (o2 U LG UReL- 22l pRe LAl LR SSORIAN O LI AD

decoder DCD is able t e content desire

thegesi rediéeBHEEﬁ‘ibQ)ﬁ AP HALHG 0 éé&iﬂﬂtﬁ%ﬁ%al gktét beRMMeBem, it

corresponding to the selected scenario. 15 It be noted-“that 't he

decodi ng sysgepgpsanbhal ke a3y sURystRect | £1 €181 ebrahipR Hunal
St 200 to the scenario sel ector 2Z00 by nmeans of the infrared comunicati ons

devi ce nentvanedtabaveodr taroishere Mearisc doitFmictuyEngceRar s@agale’ai i on
controlled by the .
possible amount of data, and thereby effectively utilize
the available system resources (recording medium). More
15 specifically, 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.



20 user can al so be nade possible by the scenario selector 2i00 extracting
the title information recorded to the optical disk Mfromthe file data
structure area FDS of the bitstreamcontrol data St63 contained in the
title information signal 5t200, and displaying this title 25 information on
a display for user selection. -90 390t e, further, that the stream buffer
2400, video buffer 2600, sub-picture buffer 2700, audio buffer 2800, and
reordering buffer 3300 are expressed above and in the figures as separate
entities because they are functionally 5 different. It will be obvious,
however, that a single buffer nmenory can be controlled to provide the sane
discrete functionality by tinme-share controlled use of a buffer nmenory with
an operating speed NdJHAlthdfeguiasteeehbBardntedieachan0iNg i 4 eptALRSa 0Of

t hese separate buffers. 10 Multi-scene control The concept” of nultiple
angl e Sce%éﬁnblﬁkba@ko&mﬂ:dp el eseahdi nvartii-@hgle dessrd bed bel ow
with reference to Fig. 21. As described above, titles that can be played
back with glagback uar dekicandet elrcarsdthier edetSibnomelasd orittene peri ods
contai ning data conmon to each title, and nulti-scene periods conprising
groups of xkférerat toceldg.c@Lr.esponding to the various scenario requests.
In Fig. 21, scenes 1, 5, and 8 are the common scenes of the basic scene
perfods. Detaustrugkyre oferihe NVD EH¥F@M]1 2, and 3) between scenes 1
and 5, and the parental |ocked scenes (scenes 6 _and 7) between scenes 5 and
8, are the nmulti-sc&h€® FEHDAITUEEHER FEREN P SRS A FRBIHNBRY LN 6.,
angles |, 2, and,3.,[n_thi.g exanple, .can be dynagical | ected 25 and
reproduced’%lﬁi‘gbgb{"?t}ibé{c’:aei‘:n%rl'l'ﬁg\c rﬁ}’ﬁacleir%m%ﬁ Og‘gléﬂg k—_}é %%epgﬁe&?.n n the
parental |.qcke ne_petiod, .howaver ,,pnly h i.l.abl.e _scenes,
scenes 6 df %gtﬁéﬁiga gﬁ?%%ré?iﬁgéﬁtéﬁ?'céﬁgggegéféc?e%¥ﬁgﬁ Qﬁﬁéﬁ be

sel ected §AllEally REEOT enhlsadfianh 1G] fifeo Mk CByBEehNags acanend T om
the nulti-scene periods'is to be sel ected and reproduced is 3e i ned by the
USEY oOper atddierd {18y SREAR0NO jfelbeahdes? WX i dréberebiiguareral i Raet he
scenario selection data St5/. In scenario 1 in Fig. 21 the user can freely
sel ect anyledda+iwe dPeauiri - ane e sparel $Eenané bhe heed-puesakect ed
for output in the parental |ocked scene period. Simlarly in scenario 2,
the user dan freely select any of the multi-angle scenes, and scene 7 has
been preselected for output in the parental |ocked scene period. 15 Wth
reference to Figs. 3beaR€aBtirf @xaferlbris PReVéSRteats the dmsisteogr am
chain information VIS PGCl is described., In Fig. 30,_the case that a
scenarioIQ&ﬁﬁﬁﬁﬁﬁF%@C?hér8§ePfi§h§hﬁﬁ¥ﬁﬂ4i1¢%§$eqt Rothe\45Fkgat a

§2 Eri Eéé‘d%%cp{%&sﬁoi%?ﬁﬁé! RetriBree con é;%é-pii‘%’%kﬁo Teecss-$As pooit
b ohal : . . A

Cor T espondii ot cherkStitESREESE Ensniis UAICHE o DHELTEY, RACTECLE

multi - angle, el d bhpck pLe BBLED COLEIIANUNANS 56808t Pon oz 9nk PBI#6

corresponding to scene PBI #7 correéespondi ng
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.



to scene 8. VIS PCCl#2 describing the scenario 2 consists of cell playback
information C PBI#1 corresponding to scene 1, 5 C PBI#2, C PBI#3, and C
PBI#4 within a nmulti-angle cell block corresponding to a nulti-angle scene,
C PBI#5 corresponding to scene 5, C PBI#6 corresponding to scene 7, and C
PBI #7 corresponding to scene 8. Accofdi-ng to the digital video system data
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 showmn wwth respect to a VOB 15 data construction VISTT
VOBS. As specifically showmn in Fig. 31, the two scenarios 1 and 2 use the
sane VOB data in contrhe. véiltune epaext UD bs sloghtedcbreweentde owned by
each scenario, VOB#1 corresponding to scene 1, VOB#5 corresponding to scene
5, and VOB#Bezdrimspoadi h &odsiend-20t8 aater &0 armyedl is nenoirdiedr lagawed

bl ock which is the contiguous block. Wth respect to the multi-angle data
connonl y ovwieerdimenehamabsarrandog, ndde (Ahfire steke afat integevngreatesd by
a single VOB. Specifically speaking, angle 25 1 is constructed by VOB#2,
and angl e Z*han cPnsediRl efiopgero) 9809 tHNRE B §eCEoRSt Flet eéhBy VOBH#4.

Th tructed multi- data is for the i | bl ock f
he Lake of (ST T T1 WBoR® BagReMRDRA any SN S epf buBE on-of each

le data.,S igE 5.t i 2 tively,
are formed 210 e nraived AR 2R Tar SRR Bl Ga LRLBRRLRER U
bet ween co SCENSS DS A anA0EnORE! B BN OFR0TaRE N 41 8% 2£RT €59

reproducti on between each sce As described in the above, e user's

requesting k- goense i f-shoyysin Fig. 21 can be realized by utilizing the
video title playback control information shown in Fig. 30 and the title

pl ayback VOB data stThetvsBusbBosAdi fiikedstFluctiariressapéayRackrélevrs
seanl ess pl ayback capability briefly |I.i nentioned above with regard to the
di gi@ al' victewpulisds syt elhoglxt assttocs UEB#0s tdedS#mbedvHeateown Not#nt hat
seanl ess pl ayback refers to the reproduction in a digital video disk system
of nul ti medintearm garatet ghan deo, edwall otcag@roupngl diage tham mi t Hbue
intermttent, breaks in 20 the data or information_between basic scene

periods, betideefaids it $FRDISORREL APt N8R LseSSHCr ankf bEttken
mul ti - scengcdpeirsi %gns.. "

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 1S0-9660 or ISO-13346.



Hardware factors contributing to intermttent playback of this data and
title content include decoder -94 underflow, i.e., an inbal ance between
the source data i nput speed and the decodi ng speed of the input source
data. OQther factors relate to the properties of the playback data. \Wen the
pl ayback data is data that nust be 5sgontinuously reproduced for a constant
time unit in order for the user to understand the content or information,
e.g., audio data, data continuity is |lost when the required continuous
presentation time cannot be assured. Reproduction of such information
whereby the required 10 continuity is assured is referred to as "conti guous
i nformation reproduction,” or "seanl ess information reproduction.”
reproduction of T spho! 578! 4AR ML R, L A {20 sNLLRBKIL eamg e
assured is referred t8%a non-cont’ i nuous I nformati on reproduction,” or
"non- seant ¢35 L~ JOUOLIR | 88T EPLEGHC! bRRY' dondrti DG CuSvinah faRbbBuOUS

i nformati ofi"Féprdducti on and non-continuous information reproduction are,
respect i velye 393 ELSS A 19R2§EAThESE i HAR QHIHOM o esbBBbrS¢aUkess
reproduction can be further 20 Categorized as seanl ess data reproduction
and seanl egs 1i Nferdvad i PNi & eRr RAVGHI 9AteGeanl,eandlat avidps otliitleosets
defined as preventing physical blanks or interruptions in the data pl ayback
(i nserm ttems gapr-odrrs#lonjwhsra kesusl & ohtaralf fremhenelésowtsant 200 or
exanpl e. Seam ess 25 information reproduction is defined as preventin

appar ent -95 i nt erToipt vodsoi manhgernVichnmtiaxesvidre pettépvranpgemgatyser
(intermttent presentation) when recognizing information fromthe playback
data wher einfiermadriomotext the phydireafifkeakdd ANHRF Ak ROR ebPBducti on. 5
Details of Seanl ess playback The s ecif%c ne%pod eng?lin sean1$ss .
reproduct | BH1EiNGLA NRLYTEHEIY UEEE: FReGoFaftly KA TFPTRFRFEARE to

Figs. 23 and 24. .Interleavinct 10 The DVD data system streans descri bed
above are FQBgF@&dqﬁgﬂﬁﬁeaﬁnabﬁ?oﬁ?igFg'authoring encoder EC as a novie or

Ste@@r mul timedia ti tAR%OOiQeQVPiﬁ%O"s‘éitlngz_f:f,e%]yrﬂs NPt £, thai1Lheaf ol | owi ng

ription refers to novi e as e nultinmedia title belng processed, but

it will bend$ @bviguset NAlptbe-hpYRGt hoBieNa! LoRRlr kA P Yidés edaudtep! Vi ng

. h .
a single novie 1n a fornmat ena%llng the novie to be used in plural

different gult/uralsteol ofisage gQLALries requires the script to be recorded
in the various | anguages used in those regions or countries. It may even 20

necessitate editing the tatkenhlt steactorm tof tdechmorisdeantihbeaket
expectations of different cultures. Even using such a |arge-capacity
storage syvremsaowrhelDigys22nishshevar inj Fips ﬁéoesﬁé%%tYﬂ e kttife
bit rate, and therefore the inage qualit¥ﬁ@if lural full-]length titles

edilfed fromes ¥TSsiqRpiRr L9e@oYT S obnEerPRELENAVE STefSSFed RS Wifigl e di sk.

-96 This problem can be sol ved, by recordin he c n paris .of
pmanagement information for the gn%lre %1si,lén the VTS

title video objects VOB (VISTT_VOBS), i.e., the system
stream of the multimedia bitstream. The VTS information

VTSI is described first below, followed by the VTS title

20 VOBS.

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

The VTSI management table VTSI_MAT stores such

25 information as the internal structure of the video title



plural titles only once, and recording the segnents different in each title
for each different title only. This nmethod nmakes it possible to record
plural titles for 5 different countries or cultures to a single optical

di sk without reducing the bit rate, and, therefore, retaining high inmge
quality. As shown in Fig. 21, the ti¥es recorded to a single optical disk
contain basic scene periods of scenes 10 common to all scenarios, and

mul ti-scene periods containing scenes specific to certain scenarios, to
provi de parental |ock control and multi-angle scene control functions. In
the case of the parental |ock control function, titles containing sex
scenes, violent scenes, or 15 other scenes deened unsuitable for children,
i.e., so-cakteliTSadtthe scenkes, "ofarselecbaddd abdio stordammt¢amtainednmon
scenes, adult scenes, and children's scenes. These title streans are

achi eved bjnathgyivigech&iddd sathdVehi | Brennymbesnes syhnpicturese padi ods
bet ween the commuon 20 basic scene periods. Milti-angle control can be

achi eved i hhg VaAfONLiEA® SEMYTE ARFEC1PR| £SHPTRECARIFESH lur al

mul ti medi a scenes obtained by recording.the,_suhje f he desi.red
plural camera angle§&¥%)€%ﬂ?$hn%?-%ﬁﬁﬂ lBErF8§362§h%i?%§g%£b%?ﬁ%ﬁﬂstﬁe

co n basi g, scen r.o t.e, - qug . I t hese pl ural
scenes are(‘ﬁggffei gegghgr Sej’%gl:_é‘@%cler%"eusmbregl]or edgféngglgﬁpwgln )céierfae 2 angl es
(PositlonsyyobksVils BECOOYMOUS viitaleddle ALCPES EBKRB1NGGH qyb T om the
same camera angFe ut-at different tines, 5 data generated by conputer
graphics, Qiagbhek ¥kdaendata. pdhen dathd stsbacednbetivaeRTd Haienti
scenarios of a single’title, it is obviously necessary to nove the |aser
beam LS frog 4heatanspirgcenpreaisa e tite mosgeain®halaenandaicdnby isgs
reproduction, i.e., to nove the optical 10 pickup to a different position
on the DVDjr ¢wbedeng dedaumaRGialThanmireot) erebkrplagbibit infertmatel arequi r ed
to nove the optical pickup makes it difficult to continue reproduction

wi tflout crieketky 6r BBKks#iln-t RePBddifa -or BA®eselleplaybasksiaifiorsadiden s
reproduction. This g&obLen1can_15 be theoretically sol ved by Skgviding a
track buf fREOEst FoBRF LT EPNERODS (BedRLBYRAFR BBREPERCENCANSHRt Sk val ent
to the worst acieSE t#ne. Ln eneral ata recorded to an optical disk is
read by th2OpPiedPaH cEBB,rﬁgpﬁEEﬂ YP'br ocessed, and tenporarily stored
to the track buffer,Th or t.a. A S: subs e

repr oduced as vi deoT(I)"re ?E%%é%%\atcgga%ge%#i%éﬁo ﬁg%@%k%eﬁ.t e%lq'glg:vﬁr}geThe

oper at i on @%s%:?%meggag%ag? 640800k 3 1d A OLLL Br ankNehBL3 B Syst em

i s describe el o ecause rotational speed control of

thes opt i cahe sl 5Ks dEh¥eseaRRRhrbNSiraRbane QU De adly Uskstendhgk caeed i he
input to the stream buffer 2400, i.e., the transfer rate Wt fromthe

optical digkaybscr Heguentky crbteamhat raiese @éPLE drenuebertibeck fuffer,
i.e., the transfer rate Vo to the decoder, however, varies according to the
i mage qualdeétyailiskeelowtent, and even the variable bit rate of the
conpressed video data in the DVD system The fromdisk transfer rate W is
t heref ore constant &f,10capgrexipds.clihel videe thtlaeseVDinforowmtidnle the
transfer rate Vo fromthe buffer is variable to a maximum 10 Mps. Because
of this gafelrtemehot Feei ApOESandnsuvpde tdtskersetht BEFmakhiono VIiste

stygam buffer,_ 2400, wi T overthow i, dala,lis Aransferyed cont] nupusiy from
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



ZS Therefore, to prevent the stream buffer 2400 of the reproduction
apparatus overflowng, data is transferred intermttently fromthe disk.
The stream buffer is controlled during normal continuous reproduction to
al ways 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) 200 7runping to nove between | ogic
sectors LS on the disk. In 2~ an actual reproduction apparatus, however,
the junp tine -99 may vary between 200 nsec and 2 sec dependi ng upon the
di stance and position on the disk M Wile it is possible to use a stream
buffer 2400 with capacity sufficient to absorb this junp tinme, the
conpression bit rate is an 5 average 4 - 5 Mps and a maxi rum 10 Mops when
usi ng a | ar gefoamedi ign oPTScBECHi 4R Ryt &9 lgpipvedal Foy emagpde, Abyuring

seani ess reproduction when junping fromany disk position to any other with
this systenprm&ﬁﬂﬁgsﬁﬁﬁﬂﬁFé%ﬂBu ﬁﬁwyvﬁémﬁqQQWﬁigT fesupyi Agrraseand
expensi ve decoder DC. 10 Because the ampunt of nepory that can be built in
to the decoller spEMeEnYhHAeFeFeeti Hrted F%eaqﬂﬁﬁt¥ﬁf RYPIS PRobbRt FPEOES be

mar ket ed, other limtat] I ed,.e. .., limting the ju tine to a
time V\herebﬁoﬁgrfé’lcar‘?ﬁ%%&gﬁﬁtlr}g?é FEGY 5‘&%&3&? A T?fgnr'%?%%”i‘%ﬁgﬂi p

bet ween t he | atse i L.n 2400 and the
oper3ting B Lot i i etk bhek " Ab S R A G e BTG 152
period Tr i i Ury AL J i : t he
Bpt i cal | di sk R e e o R S Ay Y
optical pickpBsERYRS Ml WeENy |1§lﬂt1§o§EC¢Jﬁﬁ.§.e birze Ackexps esseshideeshange in
data volunme Vd stored in the stream buffer 2400 during the data read period
Tr. Line L2pexpodagescyuditarndengspidduesd bl presedref atedl ¢dr ¥ Sid Bagn
buffer 2400 during the junp period Tj. - 100 During the data read period
Tr, the readungrhea#%e®006 reads data fromthe optical disk Mat the
transfer rate Vr, and stores the read data directly to the stream buffer
24000 The stream buf flre 2aeomus uppereelves @en XPr33rd dey otee sp 3804]
3100, and 3200 at the transfer rate Vo. As a result, data accunulates in
the stream PEPEFERTWENG IMF idRF kMRS PR P 28dEBRPod P & HeRM Y%t £hR - Vo,

.e., the diff t t h t t f t.es. B t d
hoad 2006 {RERGE RBY: B ondrR Y G AP TYEF Rt 401 LR AORIS FOW Ty TS L

. iod Tj, f i i . d h
BEr eam but 1455780 LA L O M edin st Py hEAT S erd Htell L P 400
to the dechQAQSSQQﬁEﬁg%% g.@Qgégaghfﬁgﬁgg‘thls period, however, and the

accunul ated data vo 15 remaining in the stream buffer 2400 decreases

at tfie rate at which datthd scddansfesregvie,t kerd e, itife vidansfer
rate Vo. Note that while the transfer rate Vo to the decoders is shown in

Fig. 32 as pitbaskaft indloemaddion 2rdT abhsfetsread theadeaddens iactmal |y
occur intermttently because the decoding tine varies according to the data
type. Thesepllayberkndeyismee winant (pddtnak nptyrtai stes piliayback deviloe
buffer underflow concept. This is equivalent to the reading head 2006
readi ng datzePerencesntheesellyl MIAYREINeSFIRPIPer A8GCTibegydy theough t he

-101
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



readi ng head 2006 continuously reads fromthe optical disk Mat a constant
linear velocity (CLV). The slopes L1 and L2 of lines L1 and L2 above can be
expressed by the follow ng equations. 5 L1 = Vr - Vo [1] L2 = Vo [ 2]
Under fl ow occurs, and decodi ng stops, when the junp period Tj is long
enough for stream buffer 2400 to enpty. If the junp period Tj is held to

| ess than the tinme 10 required for _the stream buffer 2400 to enpty,

however, decodi ng can conti nue wi tRBUt data interruptions. This tinme at

whi ch the readi ng head 2006 can junp to another disk position w thout a
data underfl ow state occurring in the streambuffer 2400 is referred to as
the junp-enabled 15 tinme . Note that while physical novenent of the reading
head 2006 has been described as a factor causing a data underflow state in
the stream buffer 2400, the follow ng factors al so contribute. Note,
further, afiata 138 51 dbRECPDaGAREr FROA St atT @ FL bt BlapPckharasessingd as a
condition in which data input to the track buffer é;treanlbuffer 2400) does
not keep lFEQFRFEIPYETBELREE FREMPERESGSSIANC ptrfeymakjornBesdefeta s too

|1 | ati d [ 2 f _the d der. . - 10 b h
Si7es of TEREIHN%I Uoa1 T bt SHAT BooE EnPRRAT S GEeh  GhBE 28%ri ol i the
d I { st 1. t t ; f 4 the.
bi Lstr oaCBocts R 55 b RappRoE SPSoT At THEL b 147~ st D B0 845} Offne

sequence sl ithrd ndiyi uipl LpLk HBHLS calr ! e 1l WALV Lypespcartied in

t he reproduce Itstream St61 1s 1 nappropriate for t odi ng’speed,

resul tingeohthildis Nerdysiadia £0hy sprbeideceded vt Deidwht £6R1 ¥edgi N
sufficient time whil € decoding a particular data unit. 10 Wen t%e

repr oduCTAg ,amTar ataksetofindier Uagi sabpyi, deeldi PYeaysitetison cophbgured with a
disk read rate of 11 Mops, a maxi mum AV data conpression rate of 10 Mops,
and a trackBmf,f ereamslasanatyié ech@§8) fiagaSACF ,0ff irdthi¢sllfvosExanpl e, a
data underflow state will occur. To prevent 15 this data underflow state
f r om occakriciry adidrans tQFYWRH_Pr i ddd TEhipn lasitemreddudidBih sippak at us t hus
c§nfigured with slight overflow control maintained during normal continuous
flaybackaddress MukQRH:-$habl ed time of 400 nsec can be assured even in a

oSt case SOeTArl Qe 10:10Rscof AY.20.dal 3 e penrgdged durimg the
reproduction in a digital video disk system of multimedia
data including video, audio, and sub-pict;re 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



realistic value that can be achieved in actual reproduction apparatuses. In
such an apparatus the distance that can be junped during a 400 nsec period
is approximately 500 25 tracks. It follows that the junp-enabled tinme can
al so be -103 defined in data quantity terns, specifically the volunme of
the sequential data streamthat the readi ng head 2006 can nove t hrough
within the junp-enabled tinme. The data vol une equivalent to a 400 nsec
junp-enabl ed tine is approximatel y 3 250 Moits. It will also be obvious
that the actual distance in sector and track units on the recordi ng nedi um
can al so be easily obtained fromthe data volune defined as the junpable

di stance based on the recordi ng nethod and density of the recordi ng nedi um
10 A 250-Moit junpable distance is equivalent to a 50 sec. presentation

ti me assum ng AV data reproduced at an average 5 Mits/sec. Wth even

hi gher qusét¥geAVttate, findte qidskadiat ceblsi apnkaihesa admeb0 sec. In
novi es and ot her data streans edited to renpbve particul ar scenes due 15 to
cul tural ,iedliicatingathadr tdtcharekkabdnz,cehd brtiveed sbeses fdrst wridcal |y

| ong, usually ranging from2 to 5 mnutes, and even as long as |0 m nutes.
If the exkasedcsd ﬁelna§h§@5hﬁQQhes for exanple, with the above

repr oducti on appar at us, i s, not p055|ble Q 20 ,uninterruptedly connect
the scenes before ZR& &ﬁ%% Q&P%&C?%%ﬂ g%@nédFPtﬂﬁéeﬁeFéﬁé@Mﬁﬂu? exci sed

VoT o Spocits CAfPgR ERELAREES O ALiforth 1ty TH: CBAEPABRlS SFREnute scene

o ch SRREE  OnBnShodd T WA Alhorion BE ARBIEST Eh8 00 CROCS
dat a frore 15 SR DHEERY coRRsPRHE gL & MiPscrR NoRe O£ & gfgaasgb% a

buffer un | ow state cannot be 5 assured, even XClI Séd Scene

data is |j U NSr 8gt HAReRCRisOGnE ﬁm@lmé@poﬁ@fcblé!@kée such a data
underfl ow state can concei vably be avoi ded by recording two AV data

scenari omerit ¥one®Xgbhsed, (addt et aypaineXtians funeeidesd) BTesrsi 95, to
di sk, this nethod does not make 10 effective use of the avail able disk
cldpaci t y.ddffindd ilsy ad soa beeeddany itfy inec drachgligd! i iratthelatal I ol aek h
presentation time, the AV data will be low quality and it will be difficult
to sati sfqypﬁ)sﬁBTJsféQr espebt aeildndn Fhatcdiegik. of sharing data between
plural titles 15 is described below with reference to Fig. 33 wherein TL1
and TL2 refer to tReedaeardsseMlaoachk iflag HRF setBpdyt ingécates

ortihel %%%w&@%ﬁ%%%aagp 0 B3 T e SF Bnd AHEC AP IR TLo
iml I ! D |

Sur ng t BRI aeLy G G oBRE of R TN RO BRI 0U0 Y g
wist h_di splay 4 Es) T O}qJ@eb!%orand T3 s p@%@g é,egxae ééYH-’dI:é‘@ %1 A[ $s TL1

and TL2 thus conpri‘sed are recorded to a stream i ructured

with 25 daha RPARKhOY)r8se8hagedetat 8rotehal bilddd exnl-kalith dd<
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



- 105 and data DbB and DbC as the discrete data of titles TL1 and TL2,
respectively, selectively reproduced during selection period T2 as shown by
title TLIy2. Note that while there appears to be a tinme gap between the
data blocks in Fig. 5 33, this is sinply to facilitate the use of arrows in
the figure for easier description of the data reproduction paths. There is
no actual tine gap during playback;éahe format whereby these data bl ocks
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
bl ocks DbA, DbB, DbC, and DbD conposing a single contiguous title are
recorded to contiguous segnents of the data recording track TR (Fig. 9).
Thus, data DbA, DbB, and DbD of first title TL1 are first 15 recorded

contiguously, and are followed by data PbC unique to the second title TL2.
Wth this Te3at16ReRt thengetir 48 RiAvedbagan BReBoREFGHSISEy thdr oduced

W thout breaks in_the titl tent, i.e., seanjess| by neans of

cont rol | i 7 THER 1 BHAF G RER 2008 5SS REA Vit B BuAT COBBS 56 LA SRS
synchroniégfh ayback periods T1, T2, and T3, respectively. To reproduce
t he secon |¢€eP#L%,éhgaegér, t he readi ng head 2006 nust junp past data

DbB and DbD after rQHEogqé%im@_gsgaE?q,?gpﬁsé g rgﬁnéni ﬁgaglsAea'ds?é?eJ gach data

DbC 25 before the start of perio rrow SgZa’in - 106
Fig 34. ThgnualfigiiéLpinguehagndat a Baga tihﬁé%ﬂi@ﬁ-@ﬁegéggﬁ'sgst junp
back to data units DbC and DbD as shown by arrow Sq2b, anhd r acﬁ ata DbD
before themiurd ¥ genihedtdd. sBanauselyf dtharl idmyIequhagget 0 FBVEnkhe
readi ng head 5 2006 between data bl ocks, it is not possible to assure
seanl ess rewlodharoye bis weeamtlasa, DbAeaseabll@s sardhdbs weeandbCrang DbD
unl ess the distance travel ed between these data bl ocks requires less tine
t han the SARF rdeyuastedtd ot/ cohaerviiadedt] 8% sedt &a P occur in the stream

buffer 2400. 10 Definition_of Interleavincr, To thus enable the user to
sel ectively exci se Se@ne8lanBrefspss tioomtdmsn ABFMYI expraesesatbeat e
mg@rein non-sel ected scene- data is,recor i nserted between comopn scene
d

ed
a and S&lcHLAE ST Yaret PR cEithr Vigerc farde PURciiid t he data units
iated with indyyvi dual ti d to_th
recording tracks ofMifel $EEhr bRy HRAPLRCAE ARG theny VRYSSAnIEhe
recor ded - S a S cessed hefore, .
accessing%ggﬂ ecoélng‘fﬁgﬁgé ectggng%gn%gﬁgya?egﬁdq%bgkzgﬁng% %%%n%%tions

with the selkeclket SEana ias Gﬁr{éi&f&éanaaefﬁéﬁehh@ntlorgq@%@n%%f the

characteristics of the digital video disk system however, seani ess
connect i ofd reitt keeihe iselwens arrs ceinebe poSBEbleTsit YR W Gadrap! i tting

scene-specific data 25 into plural units of a specCified data size, and f
- 13~7 by the number of sectors.
The last cell VOBU start address C_LVOBU_SA is
.the VOBU start address of the last cell in the block. The
value of this address is expressed as the distance from the
logic sector of the first cell in the VTS title VOBS
20 (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 VISTT_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



interleaving plural split data units for different scenes in a predefined
sequence that is recorded to disk within the junping range whereby an data
underfl ow state does not occur, it is possible to reproduce the sel ected
scenes 5 without data interruptions by intermttently accessing and
decoding the data specific to the sglected scenes using these split data
units. Seanl ess data reproduction is thereby assured. Detailed Definition
of Interleavinct 10 The seanl ess connection nmethod and data splitting and
arraying concepts of the present invention are described bel ow using the
track buffer input transfer rate Wr and data consunption rate Vo descri bed
above. Referring again to Fig. 32, the data consunption 15 rate Vo is |ess

h h . : [ is diff d
tvoi"‘ﬂnfé R Bl (TR FAnErRPTANeE oF, “Burrei 't%lﬁééf‘%%segbiaf‘%%& lZLS
o1 ckup’ mood e TS RFHTC AR Y, Bohakdpbilt 1SR FotS o ek aRPhE G
underf | oW AL QEM, AL LEn{H| bPLELLBRRLUHLMO] dibayoperation, split

data units for "a define a for ea scene are distributed at

an appropriate integyah. vibied BisRed Qz_fosard@%@flgséi@t@ (9nasauge jgean ess
data reproduction is called "interleaving," 25 the split data’units of a

si Be suf f ingiteida If clulbéF preaglEoc#11l-- c¥88 HaeH rawk bof éefpaisesal| ed
"interleave units,” and the interleave units after interleaving are called
"interl ea(etharrd trs.1's Vihemabneadcenebes) svlideedbd et plnias voBvegl I
interleave units are required for the plural video objects VOBs conposing

t hose pl uV@BWdbhes. Two interleaved units |LVU contiguous on the tine-base
and belonging to the selected scene are separated by one or nore

interl eaved units |EChbELEREG AEIEE tamdriite VORI RONREEFe8drinraker ebet ween
The di stance between, two tine-base- ontiguoas interleaved, units | LVU

belonginggﬁﬁqﬂu?ggﬁﬁFE%%ﬁ% #QP defPHelRNgs 2RAE O ﬁﬂgﬂﬁﬁﬂﬁP%ﬁgﬁ%ﬁﬁe: For
F 40T i noSRemeTReI A e 162 0Sb085REE B ABGAMEICIAH t he apt | cal pi ckup-
.5 e ) THREKERNE W Ghh 58, Ged) EReP SHUE o ISR dp Eor
corresponds to the video encoding refresh cycle. Each
video object unit VOBU also starts with an NV pack, i.e.,
the contreol 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 Stl5 shown in Fig. 17 is the
compressed one-dimensional video data stream encoded by the

video encoder 300. The encoded audio stream S$tl19 is

25 likewise the compressed one-dimensional audio data stream



track buffer input and output transfer rates Vr and Vo, and the size of the
track buffer. Let us assune, for exanple, 20 that conpressed data is being
output at a constant rate using an input transfer rate Wr of 11 Mops and an
output transfer rate Vo of 8 Mips, and a track buffer capacity of 3 Mits.

I f the distance between interleaved pnits ILVU is 10,000 sectors, there
must be enough interleaved units IL 25 to input to the track buffer to
accurmul ate therein a - 109 260-nsec equival ent of playback data before

t he readi ng head noves. In general, 2080 Kbits is equivalent to 260 nsec 5
to of playback data. To store this much data to the track buffer before
novi ng between interleaved units ILVU, source data nust be input to the
track buffer for 0.7 sec. at the difference between transfer rates Wr and

Vo (= 2080TR3RIRIEXIG Nphe s¥ $8hY. aRfe lelie STEEER AU TR P @M0®EH sour ce
data f th di di M t t fficient, data to the,t k
buf fer to FRGAGRE 5 (A of RORSURBEPBRThY Phe AEHRIcH AR FRS (HATHD1 | cal
i ck i i tg t t t int I d it V d dat
Peadi ng © s 08rTecRAT T MG Rr b EE el meRoa S erem) & idHe Pt A P

interl eavegl%rgwgaetsisaz J!t:‘?chaxéﬂ&l1§u290ﬁmu@ou‘i’xfd (gq.tgq,] lhat nmust be read, is

therefore nverted to presentation tine,” this makes it possible

to isnterleave units #id Fgfseaﬁseakata&nogttﬂm ok iRP $€Fr PEBOrepsEr With

presentation tinme intervals less than 20 sec. between interleaved units. By
reduci ng the sy YrMStMasdn 6908 UaAPEAPNoRI bakksewildhe dMigyHRIG LUl ation
read tinme can be reduced, and the size of the interleaved units can be
reduced. | torsedipgmqiorsitd ethe iogieasectbes) wspahl edvingy v tious-wheegi ng
the interleaved unit size. One nethod of connecting scenes is shown in Fig.
25 35 wher eaple iftyl la@nidesccEpad i esiageFpgssiil.e: Ascdmeai contidl pack
connected to scene D, scene A connected to scene B, which is substituted
for a.cert a&bnplianeds afrgihe dregtenen®; ofnghscEdslr esitdarednis sCER) C,
which is simlarly substituted for a,certain tinme segnent of scene D but
forlla 5 di FFESPantl 18 e adedrtdt PeHERNEEENEIRENEN VAGER CRIAST dtbHe Y9BY.

furth bl ocked i nt t D-1, 2. . D3 T t
SLr eam cor BS BRI GUteel BACh. 15 CATIRE Bhe MraviS AP o
f \V/ = . i S k
Ut for b S8"er SRt artaRas vrite Fat% BrtRRERnet d b Bt B i ¢
D-2: the dgk@ %'t%%rOfc Wlfi('.: .nohﬁa.gggﬁt.er t han the above value (= 0, 96

o .
sec.), and can be arraye Istance that can be junped between

connected scenes as feSCLhBEEeaP0YeolatHRWRY 13\l SafNesnMbddy t he same
starting points but different end points, e.g., scenes B, C, and Din this

exdgpl e, anadidt streawedtidrece dbddleeedtedyshebysler eaiRdoecone interl eaved
during the period corresponding to scene D-1, two system streans becone
i nt er| eavedoturisppndirnd e pethodsyaterspondangpeokscen&hies® pankegirsocessi ng
tends are shown in Fig. 17 as packets V1, V2, V3, V4... and Al,
A2, A3.... As shown in Fig. 17, these packets are
interleaved in the appropriate sequence as system stream
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....



to becone conplex. It is therefore nore common when interleaving plural

vi deo objects vOB to interl eave objects having the sane starting and end
points, thus sinplifying processing. This can be acconplished as shown in
Fig. 36 25 by copying and appending scene D-2 to scene C of Fig. 35, -
111 thereby unifying the points at which plural scenes diverge and
connect, i.e., the starting and endddoints, with plural interleaved video
obj ects VOB. When interleaving branching and connecting scenes in the
digital video disk system 5 therefore, the scenes are interleaved with the
starting and end points thereof aligned. The interleaving concept is
described in further detail below The audi o-video (AV) system stream
descri bed 10 above is one exanple of interleaving with tinme information.
This interleaving nepbedtRatayiecagdiguened \Shtem i i oF &t i om havi ng the sane
time-base so that data input to the buffer at approximately the sane tine
is in phydimadrlparasridye abdedadiataniing thaniiting capepraoud it ddtya theisane
presentation 15 tine are arrayed in alternating sequence. \Wen one scene
can be redigrdd igant ghoihereaseder eaoriingd pdaathask reapasithovieigh, the
time between these plural scenes often differs. Wen the AV system stream

i nt er | eaviSRGafe tIRIPIIENRT [ DY 26k e pBAaBBFLegMaRca cinREReNeRte in

bet ween-scene 20 tine difference_can be_ absorbe the buffer if it is
wi thi n t h&BufkBiat BEREeFF IR Bet %@Hig gh& &Vbr‘?é HFIR R SOFReat er

han the | le tine, , the buff b, the .diff
and scam SORR L ARALE |t it ral SuBTpRHte SRR enatie ¢l ro s

i ncr easeddta(%alr)nccroeaoz.ﬁ% LJ]fdé‘gDé]ﬁa géng'@t gnt ga%igx%ﬂebqln ﬁ%@g\ﬁetf Pgone

time, a |onger junp Ime 1S obiained, an e 1nterleave unit ‘and

sequence j 1 LN agl r ol nabl i n
qu éé,%t”é'?r[ &5 Y %S&E}%ﬂ% dHheB1k ‘E:g(a gts'e‘fe %eacfd Q& I ng

the user t0 select from anon scenes ., multi-angle scenes)

W th seansgss iy kafddo tdecProsentablgictiupe ahthhe PrHRYids-gateg stream
is increased after the angle (stream 1s changed if the interleaved units
| I ar e maee ilrenglra yist R he Bho@ustrottibedafatibokgd taim F-ddnRadSd

increased. This also results in nore tinme being required for the displayed
st ream t oichdihges tHypeerdfedWhosystethusst §bopnodesFigf. @ iaridzi ng t he system
stream arrangenent in data block units to
described below.
As in Fig. 17, the packetized encoded video
stream Stl1l5 is shown in Fig. 18 as V1, V2, v3, V4, ... In
15 this example, however, there is not just one encoded audio
stream St19, but three encoded audio streams St15a, St19B,
and Sti1i9C input as the source data. There are also two
encoded sub-picture streams Stl1l7A and Stl17B input as the
source data sub-picture streams. These six compressed data
20 streams, Stl1l5, St19A, St19B, Stl19C, Stl7A and St17B, are
interleaved to a single system stream St35.
The video data is encoded according to the MPEG
specification with the group_of pictures GOP being the unit

of compression. In general, each group_of pictures GOP

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



15 prevent a data underflow state fromoccurring in the track buffer of the
aut hori ng decoder DC when the encoded data supplied fromthe stream source
is consunmed for decoding by the decoder. A major cause of this data
underflow state is the 20 nechani cal novenent of the optical pickup, though
there are | esser factors such as t decodi ng speed of the comunications
(decodi ng) system Mechani cal novérgrit of the optical pickup is a problem
when the optical pickup scans the data recording track TR of the optical
disk Mto 25 read data. Interleaving is al so needed when recording the -
113 data to the data recording track TR of the optical disk M The
decodi ng speed of the comrunications system can al so becone a probl em when
the source streamis supplied directly as occurs with |ive broadcasts,
cabl e t elen¢ciBhcsnuRPest Iodr fFEmeTAMBPYTeRSeAahionPss &%, I oadcast
satellites and other radio wave transm ssions, and qQther means whereby
titl e cont@piabienot ThepSEdFEaY MRS PAFRg WBAFBMESF P& FN] ™ si de.
I n such cases the trgnsnitted source s rean1nusigbesgnterleaved. 10 ~

d

| nt er | eaVi¥REEREPRUSEE FOEAEE i IR B XRFP & F& IF R Hher eby

t he dat ied i . i Si t f pl |
cont i guolt Y P RBULPEBRICEEA & ArHCKE (L% 1 LREEAL RS ohak (X BO%equence
wh by the. i t int ) nt | d
cebuent i AT3EaEhEBEgR? | OBERh RO i, TP BEcitreR BUB MEY Yo i

targeted soucgecatfe THEM RN HMarddiess £RE ChThLESNL DAY, I N the

i nput of the target source data that is to be reproduced is therefore

defined agrihes gep Ebpeudfitt Reanfedy ooy eineatval . o20thle taWdh be noted,
however, that an interleaving nmethod for arraying on a random access di sk

novi es amhwadenentnpacksi.t | ahicoriraiervil stenexsebestionn tWeatma ayE br anch
and reconbi ne according to various scenarios in a manner whereby video

obj ect s VB cpnéaentagivndédmeatom Xhecoifyitasbdviien daskabliehiengt h codi ng
has not been - il4 described. Wien arraying this type of data to disk, a
ctltain arongie Bromr Pak se€-er tor 1.9 s&fiy regfesengedhsoc dimer &&Fd dat a.

This obviously makes it necessary to define_ an interleaving nethod for
arranmln?Eﬁ%fallgiHES 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 1is 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.



5 objects in a sequence enabling seanl ess pl ayback. Wen applied to a DVD
system as descri bed above, these video objects are distributed to positions
(navi gation packs NV) within a specific tine-base range bounded by GOP
units, the unit of video data conpression. 10 The GOP data | ength, however,
may vary as a result of user-defined imge nanipul ati on processes or
intra-frame coding, inserted for hréﬁer image quality. This neans that the
| ocation of the managenent packs (navigation packs NV), which are dependent
upon the presentation time, can vary. 15 This means that the point at which
t he scene angl e changes or the optical pickup junps to the next data bl ock
in the playback sequence is indefinite. Furthernore, if plural scene angles
are interleaved together, the length of contiguously read data is
indefinite even if #hemeduyahpol0thbesat datakstwmeanEhweszet he data end
poi nt position is known only after the next angle data is read, and

swit chi ng ihteplagiedk d&tea nagiigakiorl pygeks NHedpféndmg itheent i on
therefore provides a nethod and apparatus_enabl i ng seanl ess data

repr oduct i bdlasiagshar2bedacdntie skorrnl ayvad dagskst Pysturd sshéreby dat a
is shared | -115 between plural, titfles , to efficient|y utilize the avail able

optical diskt@pheavedngta an&iis iU PR A8 ERCaRGCE dugher
reproductiony is achjeved. Th nethgd and par at us o& the present

i nv&ntion %?étdesg?F%earﬁgﬁaﬁimﬁﬁF_Qﬁ%ﬁeﬁl 1% %ofﬂg_AXCE ng figures.
|t erl cavegoBtoks AndabBienieaNa g, | dheed Nt cpkegyliag matod £3hl i ng

seanl ess a reproaductron accor resent 1 nvention

described pel ot Rehef eeense g}ie@&tﬁm%fﬁs- r8duillaSEaen 1 Fiig 24

is a case from three scen oS may be derived, 1. ranchi ng

one video phiget, VERIAChe QR ifatlldH dadkt AeP 8] §6hSr NDByB; n¥EB1Ga R
VOB-D,, and then nerging back again to a single video object VOB-E The

actual arrapgenene phmbBeserbliedds pouasitedrégu brdat sot5theeordi ng track TR
on disk is showmn in Fig. 37. Referring to Fig. 37, VOB-A and VOB-E are

vi @0 obj estssentatiodepémeent pl ayback start and end tines, and are in
principle arrayed to contiguous bl ock regions. As shown in Fig. 24, the

pl ayback start and 8he StreRminaBRIABERE OBoOragignveRnbadnedalirgned

during interleaving. The .interleaved data bl ocks are then recorded to disk
to a contiBuRusNTRE LRREGRed IBIEG0k AU On.anheSERTRighBte BRr&akPREKESSs and

interl eaved blocg regi ons are then itten.tqddisk.in tge track Rath Dr
direction $AREht BFég%aEEeZ§Y§§Gﬂbé£;e%ﬂLﬁ%] ST ebP B8] BELSWVORBED | 6.
i nterl eaved - 116 ,videg o;iec s: V rrayed to.thg data,recording
rack TR SRESRRNRS: FOF 48 o7 RVe TION (B B AS- 52 dSP& FEGPons to whi ch
daja is cq ﬁ@QPHééy%ﬁrEﬁéegyé%%ﬁ¥§é mt§§;§§bor§§d“@hCQ EBERELS are two
types: "contiguous block regfons™ in I ch W t
packed or packetized according to the MPEG2 standard. The
packet structure is essentially the same for video, audio,
and sub-picture data. One pack in the digital video disk
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



di screte starting and end points are contiguously arrayed, and "interl eaved
bl ock regions” in which plural VOB with aligned starting and end points are
interl eaved. The respective blocks are arrayed as shown in Fig. 38 in the
10 pl ayback sequence, i.e., block 1, block 2, block 3, . block 7. As shown
in Fig. 38, the VIS title VOBS (VISTT VOBS) consist of blocks 1 - 7,

i nclusive. Block 1 contains VOB 1 al8re. Bl ocks 2, 3, 5, and 7 simlarly 15
di scretely contain VOBS 2, 3, 6, and 10. Blocks 2, 3, 5, and 7 are thus
conti guous bl ock regions. Block 4, however, contains VOB 4 and VOB 5

interl eaved together, while block 6 contains VOB 7, VOB 8, and VOB 9

interl eaved together. Blocks 4 and 6 are thus 20 interl eaved bl ock regions.

The internal data structure of the contiguous bl ock regions is shown in
Fig. 39 wiahdVeBviisaad JeRy rdravdbaakas The YBRE ghendamdbassunes HdhatoBs.
As described with reference to Fig. 16, VOB-i and VOB-j inside the 25

cont i guoustheosksteqi eAock &efignange |IR cuf| ¥hai Yrdedenaso clack £0x cel | s
as the playback unit. Both VOB-i and VOB-j in this fiqyre are shown
conpri si ngtRAr eBtdze decoderyrramation. MyteebRchsdiskcmeddia aofite ses
one or nnrﬁ,videg ohj.ect unit VOBU with, the_video_object unEL VOBU

defini ng tREIHEBAIHIPES 6F Fe NONGVeTa L BE| PRERISMEN SPFE iTD it i on

i deptifyin he.posi.ti.Qon,of .the cell i og hai_n. P t yback
con?rol in?%éﬁﬁ%EBEloPlF#éaﬁiﬁﬁﬁﬁ %ﬁ%ﬂkégﬁégésyéﬁgkﬁ.Qﬁgfﬁgg%%%9$f22?|y,
this 10 posiii i r J J L kSt VOBU in
the cell. §g£aﬁgg g %ﬁg%%;%%%§§%af§t eéﬁéé%%;a%gﬁ?EgE%épﬁggéé?$%§h t herein

are al so recorded t s GHUEEL MsaddPCETHESH AR 199 1N o HuUpus bl ocks
are contiguously reproduced. Reproducing these contiguous blocks is 15

therefore ppepepbheTonThd metstaia il aarsd racgeodohgt ke mentstsampavad bl ock
regions is shown in Fig. 40. In the interl eaved bl ock regi ons each video

obj ect VOBrbshdb¥i dhdchntadre milerdeshvied thne tjsatk®t), bafidriehéhientaerdesaved
units ILVU 20 associated with each VOB are alternately arrayed. Cel
10 unit (the decoding unit). The presentation time stamp PTS
defines the time at which the video data or audio data
contained in the packet spould be output as the playback
output after being decoded, and the decoding time stamp DTS
defines the time at which the video stream should be
15 decoded. Note that the presentation time stamp PTS
effectively defines the display start timing of the access
unit, and the decoding time stamp DTS effectively defines
the decoding start timing of the access unit. If the PTS
and DTS are the same time, the DTS is omitted.
20 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.



boundari es are defined independently of the interleaved units ILVU. For
exanple) VOB-k is divided into four interleaved units |LVUkl, ILVUK2,

| LVUk3, and |ILVUk4, and are confined by a single cell CELL#k. VOB-K is

| i kewi se 25 divided into four interleaved units ILVUM, |LVU2, |LVUNB, -
118 and ILVUM, and is confined by a single cell CELL#m Note that instead
of a single cell CELL#k or CELL#m eabh-of VOB-k and VOB-m can be divided
into nmore than two cells. The interleaved units |ILVU thus contains both
audio and 5 video data. In the exanple shown in Fig. 40, the interleaved
units I LVWkIl, ILVWK2, |LVWk3, and |LVWk4, and |LVUM, |LVUn2, |LVUB, and

I LVUM, fromtwo different video objects VOB-k and VOB-m are alternately
arrayed within a 10 single interleaved bl ock. By interleaving the
interleaved units | LVRrdvateopeickedsohjnstts GB MPEERI stspdardcers tdata
possi ble to achi eve seanl ess reproduction branching fromone scene to one
of plural seas¥ketamf fvhsbnthef cpnteat seéende tiremey skehbnedhi s

interl eaving process further 1~ enables seanl ess reproduction of scenes
from vari ou¥TdcEred iRREFRBalsINNtRBSt eBROLIMERT A% dilifat iReepbion is

achieving"lInter] eavi ng Seanl ess reproduction,is en possi bl e.when there
are three pUS§S s%%ﬁ%\’i%ugﬁi’eﬁa aaggg’ﬁi‘fvﬁ}ﬁaﬁ E*be graudl .,Saf"'laom
scene. A to scene and then.tp scene D;3 starting at_sone njdpoj in
scen€ D fr&éa;§§§§9%?29¥ﬁedﬁgﬁfnﬁrﬁﬁagﬁ B&&%&ﬁfaeﬁﬁf¥+%ﬁf§%§ngak to
scene C, ang.t t arting at a mdpoint in scene D different
fromD 3. %S ownagﬁ§éﬁgf g%ékgﬁ'is al so possi bl e by 25 connecting before

and after scenes (scepg;{sgh chﬁEE@nlt@%d z caléh Sdmpbiisng gnga%@@tpoints
according to the data structure of the present invention. Note'that this

process of GRRAELY, SEEIesStéodathgarkhe shar Bak@ arkLnd 1 nhsivakesdata
possi ble to sean essly reproduce even conplicated threading of different
scenes. An ianteay leamvitaipnal gorgtbntceupattbleamvIth ivaticet ind enmgébheedetie
data An exanple of an interleaving algorithmconpatible with variable

| endtdh codedtegairaied .datavideaudoddaba Py gubcpildainexdatathenTpeuaatiivoB
are interleaved, each VOB is basically divided into the sane particul ar
number of i dedd aafingd thy Privatel pachessrbman deoisiaf ineheagagnyvofune
(size) of each of this particular nupber of 15 interleave units_based on

the bit rat &MY H/REB @ pefT nPErLéasaY, PFie FuRT 13 RPIERPYI $2BRAce t hat

can be junped within this ju tipe, .the track buffer_ capacity and the

i nput rate §Pqﬁ?%?ﬁ9§?d€?£%3$?%rggaﬂagﬁﬁgdp8§iﬁW51Qﬁ é&e%i%%oQ%Bfﬁc#O
~unit VOBU. Each, . nterleaved unit consists of 20 video object units VOBU,
each of which”conprises one or nore MPEG GOP with a data quantity

o et Lo D e VARPICAPLET IR S o gy nter v

alternatel Y compressed according to the MPEG2 specification is written
if the stored data is video data; linear PCM, AC-3, or MPEG
encoded data is written if audio data is stored; or
graphics data compressed by runlength coding is written if

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



25 arrayed. If any of the plural interleave units interleaved - 120 to
the shortest of plural VOB is shorter than the mnimminterl eave unit
length, or if the total length of plural interleave units in any but the
shortest of plural VOB, is greater than the shortest interleave distance,
an underflow 5 state will occur when this shortest interleave VOB is

repr oduced, and non-seanl ess reprdédifction will result instead of

seanl ess~reproducti on. Before encoding occurs in the present enbodi nent it
is therefore determ ned whether interleaving is 10 possible. Wether
interleaving is possible can be determined fromthe | engths of the
pre-encoded streans. Because the effect of interleaving can thus be
determ ned i n advance, the need for data reprocessing, i.e., the need to
adj ust t hettreanr Lieainpytcamdiayoiistenly etor §haf védders hufifert eavheyelyd
encodi ng are once conpleted, can be prevented. The interleaving method for
recor di ngnabiag &t PO i1k e HRRFRF T othRegpreFatiamwdntion is

descri bed specifically below, starting with the bit rate of 20 the recorded
VOB and tWRNRERFSARANESIENd A %‘?)‘F%F?’i‘*&nglﬁf rgk& @At JRIRP R sRItwhen

interleaving is | ied, the relatjonship,bet n_t.he track buffer input
t ransf er rr'%g% WSEE‘H &G p e t“}s‘aerélf:'e’? é&?gd%lfm'g?dgﬁ &d dgssliﬂ/rs3$s%masp

pregvi ously 25 descrjbed. T j bj at; f V 0, be -121

i nserl eaved is theréefcoarues%gﬁggwgggbtﬂéﬁgt %‘% %Péni%c%u%%%r‘s}%}gut transfer

rate V. Jhe; gRXLTYOLAL, (A6 B 010G, MO antheeliar .8l 10 a val ue

| ess t han in the eval uati’on determ ning ether interleaving

enabl i ng Sr§688"HeSH1LeRRIGIPN 4 SnPOssbRECaht .| STRSSWIRL S Rata addapbur al
VOB to be interleaved are encoded with constant bit rate (CBR) coding at

the maxi nyarbiingatemekh@ sy a1 Epae, Whd €héatifkbumasies rEvdtidgweship he
time that can be reproduced fromthe data volune that can be placed at the
10 j unpabbetdeshanhe wvidshordarehedidimdidte reddr feawe acorpitticas @ik,
stringent. Note that it is assumed bel ow that each VOB is encoded with
cdBst ant &nd theetiGBRpacedinelationshimxbetvwednt thet ¥ide® land sawdsaned in
the foll owi ng description of the réggoduction apparatus that the distance

the opticdprtai eRGpusSaATOIMFNG ARFPERBL FAnPOti BALFR -exFhesFaihrd L Hat a
auent1 1y Lo Lumanl & distance b and (g LU date Pl et 0 the rack
e S0uCt gD 0BRSSk JA 4| R IT AR meR A L upable
g\%r 'aget gfﬁ/bwgglg’ltgxrg;ggs'rc%&%e%d Oﬁiaﬁlf'ée%@wgsbgéeﬁo BA! g:%ys%%n@%i@n
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 PKXH 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.



i mage quality superior to that of a conventional VCR recording. Based on
the junpable distance JM junp tinme JT, and data read tines fromdi sk, the
target values for the 5 smallest interleaved unit size |ILVUM and the

smal l est interleave unit presentation time |ILVUMI are calculated first. The
smal l est interleave unit presentatign time |LVUMI can be obtained from
equation 3, and the snmallest interfFedved unit size |ILVUM can be obtained
fromequation 4 10 below. ILVUMI > JT + ILVUMBIT [3] ILVUMI x B = | LVUM
[4] Fromequation 3 the smallest interleave unit presentation tinme |LVUMI
is determned to be 2 sec., and 15 the snmallest GOP block data GMis 17.6
Moit. 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
conprises 15 franesEgNRSEGopaalet t pentahnsshELl ésnenstlerInfomnatiani s

equi valent to the data stored in four 20 GOP . As also_stated above, one

i nterl eavi RFECRE] t 28R ABglRaINGREIBARERT k0% UPBraRapless edaviesdk or

equal to the junpable distance. This nmeans that except for the VOB with the
short est p@‘@@%ﬁﬂt@@?%'ti me, the total presentation 25 time of plural VOB to

that “fLﬂt g %%ﬂ%ﬁ%ﬁg?aﬁl SRR G4it (SSRCH Pankar Py cae f° bE?faLLU‘S
BEs . THE . i ¥aboy
e o TBE Hie TR et S e e bR B T ot 1y

read withi 'u,[gzpﬁe't e M4 e i eg: sichle to
cal cul ate (I;,nd%%r eaegbl ghgoﬁ%&%t idénl\églzaﬁg%#g% (lg.lfél %}éet Eggea \?é?%g’slfgla Seach
VOB in thegdy eptrayedyebockvoed e drndi videdthat SotPespanR i RYTHeHeS

interl eaved bl ock and this nunber 0f interleaved divisions is v, equation 5

can be obtsyywsk fueitthepoondith @¥sten tdoaabresisisherbeaxgzynit | ength.
(presentation tine of shortest VOB)/ILVUMI < v [5] 15 Equation 6 can then
al so be obtai ned frohet haglematdernmesent Adr oNoh+seamdedist pdRyback<
(presentation tine of all VOB except shortest VOB)/JMI [6] Plural VOB can

i nlbri nci pPINMYe_AGLE) | shabdsi theheea® Z3art address of the

corresponding video object unit VOBU when the angle is
changed expressed as the number of sectors from the
beginning of the video object VOB. Because there are nine
or fewer angles in this example, there are nine angle
15 address declaration cells: Destination Address of Angle
Cell #1 for Non-seamless playback (NMSL_AGL_Cl_DSTA) to
Destination Address of Angle Cell #9 for Non-seamless
playback (NMSL AGL_C9_DSTA).
Each DSI packet contains DSI General Information
20 (DSI_GI), Seamless Playback Information (SML_PBI), and
Angle Information for Seamless playback (SML_AGLI).
The DSI General Information (DSI_GI) declares the
address of the last pack in the video object unit VOBU, i.

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



above conditions are fulfilled. In practical terns, VOBU conpensation to
the value cal cul ated according to the above equations is necessary because
the interleave units are limted to the VOBU boundaries. To conpensate
equations 2, 3, and 4, it is necessary to add the maxinumVOBU tine (1. O
sec.) to the smallest interleave unié presentation tinme |ILVUMI, and reduce
the presentation tinme in the i nterr ddve di stance JMI by the nmaxi mum VOBU
tinme. - 124 1f it is determned that an interl eaved sequence enabling
seani ess pl ayback is not possible as a result of calculating the conditions
for interleaving the VOB scenes before encoding, it is necessary to

i ncrease the nunber of 5 interleave unit divisions. This means i ncreasing
the length of the scene formng the shortest VOB by noving the scene

t her ebef orrrumpenf oér sectors firom évesmginninaddf t hbes aidesc @ig emtrded to
the shortest scene to the other scenes. In general, the interleave distance
is 10 sigmmtitaW®By-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 val U8id® (SReHigi RIMEPIFK ctBatiPr§ATaPes 10 Gakpil

i i th i t hi fted d [t i tisf

Lhe 15 abokA EhnatEi Sheu &4 Mk dah ST droRT aHuPER LV arE26h SR out put
t f te_ Vi t. he.i | at, | \V/ i.bed ab f
e P! pRS b B R R g Vo agpdesgring above Tor
| mredi at e!é’tﬁéérﬁr%ﬁ%%rhgﬁl a0 19t R KAUGH O Pty T ehl BPdEEO a contiguous
bl ock region, 1n Ich case It I's also necessary to store the data from

i medi at el Yo D 0681 hfe%:?b%ﬁ'c%a‘é%}iitﬂ QEK d A Heq THi €1 8Bkesphiyagcessary to
suppress the bit rate of part of 'the data in the VOB imedi ately before the

interl eavesh bt Orks2Behfgi QMterleaviedd wilth ithal Sot@eseabba hhat thevopti cal
pi ckup may junp imredi ately after entering an interleaved block froma
cont i guousadl tick, shaldbsthusdse airte ide fiiewes say yan oistigpleased block.
10 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



the maximumbit rate of the contiguous block imediately 5 before the
interl eaved bl ock, and store the data fromimredi ately before the

interl eaved block to the track buffer. The target for suppressing the
maxi num bit rate, i.e., the amount the maximumbit rate is suppressed, is
the presentation tine of the shortes} interleave unit, which 10 can be
calcul ated fromthe maxi mumbit rate’lof the interleaved bl ock r epr oduced
after the contiguous bl ock. Note that while the above operation has assuned
that all VOB are divided into the same nunber of interleave units, it is
al so possible to group the VoB into a group of 15 VOB containing a
divisions (interleave units) and a group of VOB containing a+l divisions
when there is a significant difference in VOB length. This can be

acconpl i sh¥@BBy idefths righterled veduwnhbnbeVUef @ithieswiise ithe démi VCOBND
obtained fromequation 5 as 20 a and using this value a for all VOB from
whi ch a gr 8486 Lufsdr ¥ Anterl eave units cannot be obtained, and using
t he nunber of interleave units obtained fr%nle uation 4 up to (u + 1) for

larger VOB. This is At I1REeHieaVeR EPgt 2D ress GHrRtEAL of the
interl d.unit JLVU 25 i th di f the i tiqn.is sh i
Fo a5 Lalieviipg bhd AUReeR cof TERRaDEGk: PBR DItk P IS 15 with |
f t 0. Fi 0. S.pl t he, begi npj i j.ect unit
VoBY, “and PRACHIEES Nsd e Mia "R ROkReIna AR LR R O B (e

L e A B S e Ygegygaes il gt T

vi deo obj ect un s determne t oundari es of the

i nterl eavefgupielsl LWa 1838h ofy WiLd dSsbongelatbanvhbd kergidePfod et

shortest interleaved Thit, Which is obtained fromthe decoder perfornmance,
bit rate, andtovomu iI& donsirleiwtdOheavwsd ngleguat i BBEhS tard htdzadnwdat he
conponent video object units VOBU contains a navigation pack NV (mnagenent
i nf or mat i ounpacEnd aadreamyi VO IEPpckndWerht Zntenjeaweld W isnd tpactk
address ILVU EA indicating the address of the last pack in 15 the ILVUto
whil8h t he XM@Buelssl dNgs IIaRH SXe arexteXprrssedr asatbeepynkier OfU sSctdite
position to which the start address NI_ILVU SA points is the address of the
first packfrRW the mieisstiomiratkeNeefinteat VOBPeo be reproduced, while
the 1LVU end pack address |LVU EA poipts to the end 20 pasition of the
interl eaved unit IlAﬂ?%Rwﬁ%ﬁrﬁ%ﬁt?ﬁesﬁﬁaaﬁﬁcﬁridéﬁ SSSHY RNt hat as

previ ously dgs gbed t.hese aqgresses r &, EX &esgegtgs th nynb%%éﬁn§§mtors
fromthe n89|g§ |oﬁﬁ&%ﬂ<q@F3xﬂﬁQﬁ?n%€'$%e addr 888 it 5rr&fion.
contiguous, particularly immediately before and after the
15 seam, it 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



When a video object unit VOBU is in an 25 interl eaved block region, the
next-1LVU start address - 127 NT_ILWSA points to the start address of
the next ILVU, simlarly expressed as the nunber of sectors fromthe

navi gati on pack NV containing the address information. It is therefore
possi ble after reading the first 5 na%%gation pack NV data in the
Interleaved unit ILWto obtain the |'oCtafion of the next interleaved unit

| LWto be reproduced, and to what disk position the current interleaved
unit ITLVUis witten. This nakes it possible to only read the interleaved
units ILVU, and to snmoothly 10 junp to the next interleaved unit LW

Mul ti-scene control The nulti-scene period is described together with the
concept of nulti-scene control according to the present invention using by
way of exanpice ke tpausedbnprfshRgiscEAPEOUTGTdSaY deePrP by dPerérdat langides.
Each scene in nulti-scene control is recqorded fromthe sane an but may
be recorded Zat g ferdilie GRR benakh) védm MQﬁxﬁﬁﬁﬁiﬁ Eﬁ%ph?ﬁg)dapé The
mul ti -angl e scene riods may_therefore. alsQ he called nulti-scene

periods. Parféitif é%ﬁn#%ﬁgﬁﬂe 2 cHRcEpR ZVOPQ@99&3¥}§N%%aIl??%FéglﬁanﬁPFS|ng

alternative_sce es for. such functl ns, as Eare al Iocgkggné iareg

recordi ng AR FRE T 2 F% aeéérlﬁeaebg

5 the DSI packet. Note that these times are specified at the
system clock precision (20 kHz).

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

10 multi-angle control is enabled. This address is also
expressed as the number of sectors from the navigation pack
NV of that VOBU. Because there are nine or fewer angles,
there are nine angle address declaration cells: 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 encoderxr

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



An exanple of a multi-rated title stream providing for parental |ock
control is shown in Fig. 43. Wen so-called "adult scenes" containing 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 SSc contdaining 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 multi-scene system
stream containing the adult-oriented systemstream Ssc and the
child-oriented system stream Ssd arrayed to the nmulti-scene period between
comon system streans Ssb and Sse. 15 The rel ationship between each of the
conponent tedms il Hdlowysh@nssbweaimr Bdar.ded .t o Ithewv Progs@npbhrabasPCGC of
atitle streamthus conprised is described below The adult-oriented title
progr am ch&hatP@Ele corghosksyi ensedernEEDt hppddmdort o yidtend ByiealsvSiaocand
20 Ssb, the adult-oriented system stream Ssc, and the common system stream
Sse. The cHillsgk snvistramed 1ef¢rred ofp ahedadi ASPECRVEbmndxtari nisequence t he
common system streans Ssa and Ssb, the child-oriented system stream Ssd,
and the coFMOPtaNRiehly rdencieal to 4be apfhomindaanERdRF the shown

adul_t-oriented system stream Ssc and_chil d-oriented stem stream Ssd to a
mul Pi - scenéTpdridd,2 ¢ he' e 19 %b&%ﬁ%?&ﬁ&%&ef%zéﬁ%eed‘%% e¥2ptdduce

Lyet e oy« S, SR AL 00, BRL S RO0h SRR mbol BB B Do 0"
adU't-O“e%ﬁ‘_-%ascx:t%&qu&dd 6N 536 5 oébﬁgngggmw'&g d& & éyg&g‘_

stream Sse~as i nstruc by” t he adult-ori title programchairi

By al ter natj elay flcad@gﬁwwfm&b{éﬁ-ﬁb@nt edtl Lihe RNQY 3 14, ¢nahd PCC2

and selecting the child-oriented systemstream Ssd in the nulti-scene

period, a ¢hiald+e/d onttaftdddh cehesmeanbehthie adul endideit estscenes have
been expurgated can be reproduced. This nethod of providing in the title

strl@am a lreddhridedsaena pEidgDtaTonidedi dfskl nedival Mer nathey esaeeson
sel ecting which of the scenes in the nulti-scene period are
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 sto9, Ssti1i, Ssti13, St21, St23, St25, St33, and St39 based on
the scenario data St7 describing the user-defined editing
instructions input from the scenario editor 100, and
controls the video encoder 300, sub-picture encoder 500,
and audio enéoder 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



to be reproduced before playback begins, and generating plural titles
containing essentially the sane title content but different scenes in part,
is called parental lock 20 control. Note that parental |ock control is so
naned because of the perceived need to protect children from undesirable
content. Fromthe perspective of system stream processing, however,

parental |ock control is a technol eg¢ 25 for statically generating
different title streans by neans - 130 of the user pre-selecting
specific scenes froma nulti-scene period. Note, further, that this
contrasts with nulti-angle scene control, which is a technol ogy for
dynam cal |y changing the content of a single title by nmeans 5 of the user
sel ecting scenes fromthe nulti-scene period freely and in real-time during
title playbagkbsdBi srpahenis@udax kioenteontd 2ebngl povraan takse e iugeich t o
enable title streamediting such as when making the director's cut. The
director' sacdiéfiréérsimne ple ijpdcessd Howftieei $e¢hgctedt sonrsecmataf rimn a
novie to, for exanple, shorten the total presentation tinme. This may be
necessary,réassexhipietot repdiddurd edtarsceémagit (vegeehoer)viiewiemgiedh an

ai rpl ane where the presentation tine is too long for viewwing within the
flight tineyotheensarn cBhecscersaniy drta bt acefpthsl BVDThacedere Bl ect or
t hus determ nes which scenes may be cut to, shorten the novie. The title can
theh be r ROV wi EHFEBER Sonfainemph inerrabic)stem sheeHWRST an
edited syst€n1strean1in whi.ch the edited. scenes are recorded to nulti-scene

periods. At tAEFoBMEr GREFAASES Fdhn QAL 1R ehsr t BRARBt RE® syst em

t i h. | j catj . . trol t.b bl.e,t i nt ai
srooth ol S HERR P RugE SRLATE PR et T S )2 St 2E22a R 4R 8pr oduct on
wher eby aa%#%ynggr ! 82%%%3%% 4ag% Nt v :‘%}hé\?ﬁuﬁﬂ L0orViLAAG, Qh Pt her

buffers, seanfess Intormation rep ereby no unnatura -

131 interduplioosupbeaatd Rl 19 cdmdbinedercedyed so-LhR addisocprd video
pl ayback, are hecessary. Mifti-anale control The concept of nufti-angle

scepe contg@b-pictiteSARERIART HiMee D HdiSistes aihdeenexheWtii 16etiar @nce
to Fig. 44. In general, multinedia titles are obtained by recording both

t he audi o bk ¥+dabedntatiet ieovaklcold adraretal "Yecor dongiohel ewptakrt he
subj ect over tinme T. The angl ed scene bl ocks #SCl, #SML, #SM2, #SM3, and 10
#SC3 represeatuseér auhtentdils sedrsrashtfaioed trakcesvtdeaygsunncluding,T1,
T2, and T3 by recording the subject at respective canmera angles. Scenes
#SML, #SMWPLomneXxamRBe ar sud&dplged i&v IR (A9 \ewi fard ckpe (npEBPd &8cond, and

third) canera angles during recording unit time T2, and are
connecting scenes when the angle is switched among the

15 multiple viewing angles.

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

20 as whether there 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



15 referenced below as the first, second, and third angl ed scenes. Note
that the nmufti-scene periods referenced herein are basically assuned to
conprise scenes recorded fromdifferent angles. The scenes may, however, be
20 recorded fromthe sanme angle but at different tines, or they nay be
conput er graphics data. The nufti-angle scene periods are thus the
mufti-scene periods fromwhich plusd@b -scenes can be sel ected for
presentation in the sane tine period, whether or not the scenes are
actually recorded at 25 different camera angles. -132 Scenes #SCl1 and
#SC3 are scenes recorded at the same conmon canera angle during recording
unit tinmes Tl and T3, i.e., before and after the nufti-angle scenes. These
scenes are therefore called "commobn angle scenes.” Note 5 that one of the

nul tiple GMBFRe2NY| 88aH38E S RdrMR cBild -aH\Gh Ba SE&NRAGLS bRl tiHhe sane
as the common canera angle. To understand the relationship between these

various angt&de8tfgesndmebliloaiglee stegncontrol is 10 described bel ow
using a live broadcast of a baseball ganme for exanple only. The common

angl e scenes #SO amie#8Gtcring egartted @adnthelterman oc as@iracdglthishi ch
is here defined as the view fromcenter field on the axis through the 15
pi tcher, bmfermathdncétrohetheTlseehiardto aaftadSttenandSykneyatesortdhed at
the first nufti-canmera angle, i.e., the canera_angle fromthe backstop on
thed axi s tener@hnghéntarspsionpitebler angh®R4EPT HpEaBetens asguddestene
#SM2 is recorded at ,the 20 second nufti-canera angle, i.e., the view from
center fieiQF PNERRLIAR| SOPKESdgh The FNGIEINT pteyrabhanchabher ankot e
that the secoqg,angled sc%ne #SM2 i s thus the Sgme ag t he copmon .canera
angl e in t$HCTXRAPPRTANETERE, BF6r HEFGHT that? tHet @ERBA8 LRgFddSscene

#SM2 is t S as_the.c n 25 angl e scene #SC2 recorded during
recordingh€%1?§$ln%n42£9 BTN,

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



- 133 The third angl ed scene #SMB is recorded at the third nulti-canmera
angle, i.e., the canmera angle fromthe backstop focusing on the infield.
The presentation tines of the nultiple angle 5 scenes #SM, #SM2, and #SM
overlap in recording unit time T2; this period is called the "nulti-angle
scene period." By freely selecting one of the nmultiple angle scenes #SML,
#SM2, and #SMB in this nulti-angl e %&ene 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 canera angle is changed. Note that while
there appears to be a tine gap between conmon angl e scenes #SCl and #SC3
and the nultiple angle scenes #SML, #SM2, and #SM3 in Fig. 44, this is
sinply to facilitate the use of arrows in the 15 figure for easier

descri pti epcefadden dgieciepeogueti off pakhs ide ashicesinbgtsekecyer@rate

di fferent angled scenes. There is no actual tinme gap during playback.

Mil ti - anghe sdenercary cstpéahheoaystainst teartHMPEERD Vhaepr etamdard
invention is described next with 20 reference to Fig. 23 fromthe

per spect i defdnecbritectsMrgldalad. bl Bhis. ellememilatrivresiiveamt ascoutesyrortdi ng t o
common angl e scene #SC is referenced as common angl e data BA, and the
comon anghe dHidedBsirearchuifay 4APt asi gEsotRdNLdSo astreemeSgided as
BAL and BA3, respectivel¥. The 25 multinmedia data corresponding to the
nmult i pl e angl e scendete Thasswhadg thesipidemenepiesr 8 OPepenerdd® s

fi , d, dthird | d VAL, d MA3. As i |
Hescr | bogon G eHimtahy. = EEoen SO Ror B R e ot b MEER Y RR0 AR5 REGATEn b
i db l.ectj 5 (o] | t i MAL, MA2, d
Ms Ther SRE4REA O S P48 DePietERen sPEReRa bk aBe R aarYany B
and the my ;upd & W Ok?{&eyneﬁéomg g{é\%am@%%ﬂ%ﬁ#@%t Eggcase of an MPEG
rea aybac

system stream however, 1ntermttent s In the informati on can

result 10;hehWeehd Nad ePnestcrd seaPRNaRRd il iRl Sh@Nab et AL ReUNhS
dependi ng upon the content of the data at the connection between'the

selpect ed Bmkldaairy aH & €abas unb: Mk, eNB3aiagd AT andhd hengomere angl e
data BA (either the first common angle data BAl before the angle sel ected

in the nuhkiteanglle thipscenecpeting ehethercaeomatingttataie BA3NTeLl ewi ng
the angle selected in the nulti-angle scene period). The result in this
case is tRaL thsled t4igmal eam telaoingacanyelkyede madtrickall asandsi ngl e
contiguous title, i.e., seanl ess data reproduction _is achieved but

non- sean ¥8ethen dthsr MRFoRirgpredactFofetedgrt £1ther mpen-G@Fl ersel ecti on
process whereby one of plural scenes is selectively reproduced fromthe
nulti-angFéQ§ﬁ§u§QEH?Qé?@&?%'sean1ess information presentation to the

bef d ' i,bed < a I {1 h i ' '
G191 tal vi deo oi sk EYRINREGS: RGURG. mEShOM ARy Y LFeLLBeRB angi e, I e
| ecting, th i pl | it d_IVA3 t be 5
ompl et oq LEsrE Pk Ttk o SO eSS E Rer SoRs R Ko B bt < °

| et ed j i Lfd t le,; t di ff t
conpl et € frl%?ﬂétssl\%t gﬁér?ir]ﬁéuxﬁgé%ﬁéﬂh e:o?nt];Eé_aLEPx,el.él L Qefg%ﬁé trreren

angl e data ucti1on comon angl'e data . This is

because t heimd dJme alad ar hpgef YaRhaP! ¢sl evalel ¢idetrerencing
frames before and/or after the target frame. However,

20 intra-coded frames, i. e. , frames that are coded based
solely on the content of the target frame, are also
inserted to 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.



10 MPEG data structure, which makes it difficult to find the data break

poi nts (boundaries) in the selected data bl ocks. The video may al so be

di srupted 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 | east one refresh frane, and cl osed
processi ng not referencing franes belfdnging to another GOP is possible
within this GOP processing unit. In other words, if the desired angl e data,
e. g., MA3, is selected before reproduction reaches the 20 nufti-angle
scene period, and at the latest by the tine reproduction of the preceding
common angle data BAl is conpleted, the angle data selected fromw thin the
nmufti-angl e scene period can be seanl essly reproduced. However, it is
extremely difficult whigkeupeprfodicng enec@B angkkith seldely dad clemdddessly
reproduce another angle -7136 within the sane nulti-angle scene period.
It is therefomrlatélyculithihethat &OPulits koo sz eme"pbosed GOPdyndni @al |y
select a different angle unit presenting, for exanple, a view froma

di fferent cxomip @fighectBrEReGAE: IFoMmteinviid ¢hifipetoe@adseahBd angl es
within a nulti-angle scene period is described in further detail below wth
reference ttefBYENee tajg. fyamegdd B FrecedaiePonf ¢htovwingt 4LSPrads 18i sk
data structure described above. IO Fi,g. 76 shows_the presentation tinmes of
t he Smal | eROEHJIRT sWFHERi Ry aRA 8-Pricade HORKES ni? t¥ pFer angregdRA& Tuni t s
MAL, MA2, and MA3 shown in Fig. 23. Wthin the gpntext [ he gigital vi deo
di sk syst eht AME MFTPPPeChnbEEtHIrE Rt RN NPT 5 MA3 LFelfhe title

i ¢ (vap) HHRST ke BrabiPr RRCRIMERR R0 08 hPLES OB, RRE,

as the snal t i l e, hi Uy e h:ipte aved
unit ILVU t ﬁ c%ﬁ?%#ﬁéﬁgﬁggr tglnc\lgylptae?l 'ﬁl%e?i%#e\%%i élih%&ffgglfug%él ghgo dat a

MAl thus cicddiscangt etawl FeRiepandeiat So851,geMhsda Bng ﬁ’é@-c(_ﬂﬂe%@@gééing
switching units A51, A52, and A53 of the first angle data MAL have
prepent ati athd igmsnofoR, 2, and 3 seconds, respectively, resulting in the
first angle 25 data MAL having a total presentation tinme of 6 sec. The -
137 second angl e daraeMa2Psiimi lcefilen cowst i sestlamghecesst vhihg uliotrs B51
B52, and B53 with presentation tines of 2, ,3, and 1 second, respectively,
and the thiexenmig e taeaGCRR3IMaEnpeE d6scard Ehainlaybariinttarespoins2, and
C53 with 5 presentation times of 3, 1, and 2 seconds, respectively. It
shoul d be rffﬁr'edf%ﬂi’a‘?d%iﬁé gheikdg rem Fheamiddle, A% a2 fwpanshEkonas a 6
sec. presentation time, the presentation tjne c qpviously be set to -
various ot RFITHardR cI BPVYgy ugE, 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 Stll, 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 Stl7 to the sub-picture stream

25 buffer 600.



10 The foll ow ng exanpl e describes switching to and begi nning the
presentation of another (next) angle view while reproducing any particular
interleave unit. For exanple, if the angle is changed fromfirst angle data
MAL to second angle data MA2 whil e reproducing interleave unit 15 A51,
reproduction of interleave unit A51 stops and reproduction of the second
interleave unit B52 in the sel ected8second angle data MA2 starts. This
change intermts both the audio and video presentation, resulting in
non-seam ess information presentation. 20 Likew se, 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 angl e data
MA2, reproduction of interleave unit H52 stops and reproduction of
interleave unit C53agharbh tHY SawibioPenabingagairirdted ighdoth the
audio and video -138 presentation, resulting 1n non-seanl €ss information
present atgtars, Neth€@ 4hatoi Bntheabonmd Gasesdsyi 4 CHpagibebweartmytt itplee angl e
data during data reproduction stops 5 reproduction of the angle being

pr esent eGudiyl sepgdrsstEntor penera iy eatant eicoded i atdiopdagant arhds

W thout intermtting the audio and video, does not occur. The nethod of

swi t chi nerdudaexdhged adt dataomplyethdenglate drd sed eomnthepMeESat atidde i s

descri bed below. 10 If the user selects second angle data MA2 during

r epr oductsiténddrd mefiradeionfS0A3L 172 fandtthegiREdat auphe, stendexanyl e,
the second interleave unit B52 in the second angle data MA2 is sel ected
from t he Qsfi¥ned ebr oBBETL8R 181 AFSr 1284 iR k2 ASAY WWEM 4LBFN3efR4fi-on 15

time of 1 sec. is conpleted. Because the start of .interleave unit B52 is 2
sec. fromMife B nﬁi‘n%gm%ggPﬁé Fict A é“gceé?i‘éo‘f)%?goaflgtlﬁefjétias a gap

bet ween the end. of intgrleave, unit 1 reproduction.at 1 sec. into the
nulti-an@Q§ gp i eaﬁdsFﬁQﬁﬁﬁg%nﬁﬁé;%ﬁ°.%t%¥?e§98mﬁﬁﬁznit B52 at 2
sec. int% 4aggﬂéi-angle scene period, and there is therefore no tine-base
contiguity 1'i reproduction. Mre specifically, because there is no

cgntinuity in the audi 94a6le AYdia GFEdr Deoseagl esphkcherr ediced A

simlar scenario results if the user then
video encoder 300 and to the encoding system controller
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 St15 as the time-delayed

15 encoded video stream St27 based on the timing signal sSt21
supplied from the encoding system controller 200.

The sub-picture stream buffer 600 is similarly
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 St17 input
from the sub-picture encoder 500, and then outputs the
stored encoded sub-picture stream Stl17 as time-delayed

encoded sub-picture stream St29 based on the timing signal

St23 supplied from the encoding system controller 200.



25 switches to the angle scene corresponding to the third - 139 angle
data MA3 during reproduction of the second interleave unit B52 in the

sel ected second angle data MA2, i.e., interleave unit C53 is switched to
after reproduction of interleave unit B52 is conpleted. In this case the 5
conpletion of interleave unit B52 reproduction is at 5 sec. fromthe

begi nning of the nmulti-angle scene period, the beginning of interleave unit
Co3 is at 4 sec. fromthe beginning of the multi-angle scene period, and
there is again no tine-base contiguity. The connection between the 10 audio
and video conponents of the interleave units B52 and C53 is al so not good.
It is therefore necessary for the interleave units of each angle to have
the sane reproduction tinme and contain the sanme nunber of video frames in
order to achieve 15TReaslais shireammttuareangahi iy dehikeplpul tiple angl es.
The internal structure of the interleave units is shown in further detai

in Fig 7¢orsctomintentikegaudie eachdet 7RO iamcerieaites Lem¢sdihyUbl

| LVUb2, |LVUcl, and ILVUc2 contains interleaved audio and video packets, 20
i ndi cat ed systemmeenMrokbgecePQel yThenagydior sitragdm ififexi @0 antgores
presentation tinme of each audio packet A is the sanme. In this exanple,

i nt er| eavé&hgnigncededmudip\epreap GUaP, inpyt TV thaputdiveeycedntrain 3,
2, 2, and_3 audi o_packets. 25 Therefore, .angle data MAB and MAC each
comtai n 5780t N4 -thep OBERREFstRRJCRSOFETe FUHK &GP ntF1? - afigFRBescene

perl 00 T2, MOLF, SULLENLR0 co ol LOLL8 WU sanp Sene period,
(5. e B et 208! it ! chedeana bl sy L LA

in these %g@.interleave units ILVUbl and ILVUc2 is 6, which is.one nore
t han the specified total nunber of 5 audio packets in this nulti-angle

scene period T2. ThirgeWsykdehhehebaks wodlils idbratedved | €9 She0pedaBdi 0
packet in the reproduced audio if these two ILVU were connected and
r gr oducegtrriddsewseter 400, sub-picture stream buffer 600, audio
stream buffer 800, and the encoding system controller 200,
and is respectively supplied thereby with the time-delayed
encoded video stream St27, time-delayed encoded sub-picture
stream St29, time-delayed encoded audio stream St31, and
15 the system stream encoding parameter data St33. Note that
the system encoder 900 is a multiplexer that multiplexes
the time-delayed streams St27, St29, and St31 based on the
stream encoding data St33 (timing signal) to generate title
editing units (VOBs) St35.
20 The VOB buffer 1000 temporarily stores the video
objects VOBs produced by the system encoder 900. The
formatter 1100 reads the delayed video objects VOB from the

VOB buffer 1000 based on the title sequence control signal

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



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 audio packets
is one less than the specified total nunmber of 5 audio packets in this

mul ti-angl e scene period T2. Connecting and reproduci ng these two
interleaved units would therefore result in an audi o packet 20 shortage,
and a break in the audio equal to t hé0dur ati on of one audio packet. It is
therefore clear that when the nunber of audio packets in the connected
interleaved units is not equal to the specified nunber of audio packets in
that multi-angle scene period, the audio will not be 25 satisfactorily
connected, and non-seanl ess information - 141 presentation containing
noi se and/or intermttent audio will result. Fig. 45 shows nmufti-angle
scene cont ridll evhetrobeurnef VFsang gedatrm VAR s dededhnvitineliig stream
contain 5 different audi o data. Conmon angl e data BA1 and BA3 contain the
comon audidatmt3t$3.t he common scenes before and after the nufti-angle
scene period. The first angle data MAB conprises first angle interleave
unit audi o data | LVUBheam@lhimgsiia thetskrerBstBEN§E43s®ididteicdhg unit within
10 the nufti-angl e scene period. The ,second angle data MAC | i kew se

conpri ses SESRIFEGI BOi F?’@r nEsFs detiined FCRAT 1° | tUEReBngeptvEe2 ths g.

it B < gl & SRS TRBLARN - MAEAES R A0S ST E SCeRe EhBy PAALES. The
[ ' lLe d [ h
nter Doavedtiny (P 4R o ieaR Boba tad I TAURY. SR 55 atont* FudPE ™A pur
of angl e dya JC L Scbrligs hebaiPdr [ a8 Uifud PLOESL] eaued iRk i 0
an L#/%% ) %bvﬁ‘ !

data | LVUcl at happens en reproduction of angle data MAC
i's switchedd diiogmr epn8duet kol deddiffd StedNifryeave unit audio data

| LVUb~, in angle data MAB is described below. In this case reproduction of

i nterl eavedhumidedddbie2 occurs after reproduction of interleaved unit

| LVUbl 25 is conpleted. As a result, the audio wave resulting from -142
10 A preferred embodiment of a digital video disk

system authoring decoder DCD in which the multimedia
bitstream authoring system of the present invention is
applied to a digital video disk system is described below
and shown in Fig. 26. The authoring decoder DCD applied to
15 the digital video disk system, referred to below as a DVD
decoder DCD, decodes the multimedia bitstream MBS edited
using the DVD encoder ECD of the present invention, and
recreates the content of each title according to the
user-defined scenario. It will also be obvious that the
20 multimedia bitstream St45 encoded by this DVD encoder ECD
is recorded to a digital video disk medium M.
The basic configuration of the DVD decoder DCD
according to this 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.



these two interleaves units is a m xed wave as shown by audi o wave MAB-C in
Fig. 12. Note that the resulting audi o output wave i s non-contiguous at the
angl e switching point, and the audio connection is therefore not conpletely
5 satisfactory. Tf the audio data is encoded using Dol by AC-3 coding, the
probl ens are even greater because AC-3 coding use tinme-base correl ations.
Specifically, because the audio i s -&dded using tinme-base signal
correlations, 10 reproduction becones inpossible at the angle sw tching
poi nt when the user attenpts to stop the audio data fromone angle and
switch to the audio data of another angle during reproduction in a

mul ti-angl e scene period. Thus, when each angle in a nmulti-angle scene 15
period contains discrete audio data, the audio output may be intermtted
bet ween t haégonsecised dat lava ofvre t edangHecrderh3®@ed. abebendi ng on
the content of the data in such cases, noise and/or audio interruptions nmay
occur duringordgrdagctiudifen &0Q ianf eseheFhorr PRPAL pER Gisp@sd@dsconfort to
t he user. Such disconfort is a product_ of the non-contiguity in the

r epr oducedPPEV8ERathEn ViR MecoRF R0 haref BYBthesassrdédady assuring
information contiguity or preventing.information.intermttence. Seanl ess

i nf ormati on presentéF%ﬁh tiHhe $elst PEUS&PO 1s ppaneqfiad Ehdie scene
control according to th resent. invention i escribed.next. with reference
Co'Bl o acsonipERngRere N RE T oBhRekRsdaPE b FrERb g Y an g o
scene perigglgg in this exanple. 5 The first angle data MAL thus contains
angle switching units All, Al2, and Al3 as the snmllest possible angle

switching units. Thegg afjale Sybh chE Nen¥8i b§pAatcofes mif 1453 have
presentation times of 2, "1, and 3' seconds, respectively. 10 The second

angl e dat atM2egbiel ALlstrGMEH iR N ecoMbi£DEds WithstBelauBhdriaed B13,
and the third angle data MA3 conprises angle, switching units Cl1, CI2, and

Cl3. Each @écbhesepangles cx\iidechiatpwei ts al so respectively have
presentation tinmes of 2, 1, and 3 15 seconds. Because the synchroni zed

i nl@r | eave units thus hsho hien sBing. p2@sehhat DVR temegerc®D guous audi o
and vi deo reproduction can be achi eved wthout interruptions or overlaps at
the angl e corprhEmg podntlitdmesiien hifatneam Beed2oeswe PRessteoardre angl e

to anot her angle, and seamnl ess_.information presentation can therefore be

achi eved aSepPElPBEULRY OdedGGAHDY Y SHA SNt hel 48F a23PPucBtiFeaBhown in

Fig. 46 X
9 " buffer 2400, system decoder 2500, video buffer 2600,

sub-picture buffer 2700, audio buffer 2800, synchronizer
15 2300, 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 Sté1l;

25 and a reproduction controller 2002.



i.e., to set the actual presentation times of the smallest 25 angle
swtching units of the audio and video material in - 144 the nmulti-angle
scene period to the sanme tines, the nunber of reproduction frames in each
interl eave unit nust be the sanme. MPEG data conpression normally operates
on the GOP unit level, and two paraggters defining the GOP structure 5 are
the Mand N values. Mis the |- rcture cycle, and N is the nunber of
frames contained in that GOP. Furthernore, changing the Mor N paraneter
setting frequently during the encoding process sinply conplicates MPEG

vi deo encoding control, and is not, therefore, 10 normally done. A nethod
of achieving the data structure shown in Fig. 46, i.e., a nmethod of setting
the actual presentation tines of the smallest angle switching units of the
audi o and vi deo mat eFhal reproiacidon camfreldame2 @i be connketes sane
times, is described belowwith reference to Fig. 78. As the exanple shown
in Fig. 78thei cesadinarfy stemt aonRres 1RRB23RE Nixom Ghiwh nihei - angl e scene
period, and each angle data unit conprises two interleaved unlts | LVUbl and

| LVUb2, ana‘ulllf-‘a‘@cﬂ Jsaqdutm%amr’éga’éew%#yn el Hignpl s$*1'°r%3| &Fty of

dlscu55|on onl %ﬁﬁ terleaved uni t # g%P structure.

struct ur es PR I?q deIEuEEeﬂ%nﬁE? 13| § e *@?ﬁﬁ%ﬁﬁﬁﬁis of

th h d t.o th I

andds) m | aPTyPea® (e S R par are %??53?9%5%% PS5 i nter | eaved
ts | LVU I V! { th

% :truct gr%e g'gira bﬁéﬁ aanéngv% ang‘f'Ia gg?gra&t%oand]aﬁﬁcélt% p?leggnt atel zﬁrre

tinmes of tReo.p¥sdaha dgbglifferent angles can be set to the same on the
smal | est angle switching unit level. Thus, when the angle is 5 changed from

first angle data N Afp|tMab2the aﬁgkedd@h@ewﬁ}ﬂdé&}c%u)&-%iéﬂh@éﬁ ¥hgeo
presentation wi thout video intermttence or overlap at the angle swtching

position candie acivtawets befatise hhetingltashitdle egitbed gy iaveen t hese
two ILVU is the same. 10 A nmethod for actually setting the audi o data
préSent at i srthiomdsicprenduientl exxe angheoduredhi Y euriuthogiely detddesane
value in different angles is described next with reference to Fig. 79. As
in Fig. 77DCt FemprticgSes Scanasio SRbeCterVRR0 Frovuselemtdnd \AkP contain
15 interl eaved audi,o and video packets, indicated gs_A and V, respectively.
The audi o ﬁ&EF@FQQ%ﬂﬂa¥Qﬁz%P%F&PEﬁ%%E%?aFFSHeﬁlﬁﬁ%téﬁé nor @4 y const ant .

As al h he f VUb] d_| h I

por  od havBCERETAs SEREERAbA RN Sk coBERRERs the) SeIAF I CHF LRl 1T VL2

have t he sa qugp q; qy gaﬁgg %&e BYc bhus witing the sanme nunber
e

of audi o pac Hhé sync ronlze eaved units I1LVU of different

angke data MAB and M‘IQ_ dbe éy%osgﬁteeteeeéqratoayr%éfam% %é’&é&é Lhe

same on 25 the snall est ang?e switching unit level in differe
keyboard, CPU, and monitor. Using the keyboard, the user
then inputs the desired scenario based on the content of
the scenario input by the DVD encoder ECD. Based on the
Keyboard input, the CPU generates the scenario selection
20 data St51 specifying the selected scenario. The scenario
selector 2100 is connected to the decoding system
controller 2300 by an infrared communications device, for
example, and inputs the generated scenario selection data

St51 to the decoding system controller 2300.



- 146 angles. Thus, when the view is changed between angl e data MAB and
MAC, contiguous audio presentation without audio intermttence or overlap
at the angle switching position can be achi eved because the angle sw tching
timng does not 5 change. However, if each of the smallest angle sw tching
units in the multi-angle scene period contain audi o data descri bing

di screte audi o waves, it may not beggossible (as descri bed above with
reference to Fig. 12) to achieve 10 conti guous audi o data reproduction at
the angle switching point by sinply coding each snmall est angle sw tching
unit (ILVU) with the sane audi o data presentation tine. It is possible to
avoid intermtting the audio presentation, however, by witing the sane
(common) audio data to each 15 angle within a nulti-angle scene period on

the smallest angl e Syid iU gNbie AL VA)obeKEL: 2AScRSW QUL Ye fosCr i bed.

seanl ess information presentati on can be achi eved arraylng data to

assure contigueusy fkeEMd Akt 1Peibee aﬂﬂeai—éﬁ&oan%efaomafé&mam
points 20 in the reproduced data, or by formatting the data in closed data

units thatsese eappkerelon reR odurad odm theosutéehbogopoeritsach ftnd her

mul ti-angle scene period data structure in which comon audio data is
witten tovehnmedfﬁﬂerehtdﬁiunqﬂﬂ?ﬂs'GM@MhnihiElgsyﬁehrUnhhhtﬂdnadata
structure shown in - 147 Fig. 45, this data structure is achieved by
wriding ausit® dayatemaplpskcammaaﬁ;qurﬂmn%@@m Bafkchhng trhiet V@B er | eaved
unit ILVU) to the angle data MAB and MAC. Because the audio data is thus
conpl et e WemEHO} éagﬁrmmﬁQQQxﬁRﬁihnﬁﬁ thepavidrblaat RapKodYoi P a

di sconforting audi o wave ,as a result of co necting%dlfferent audi o waves at

the angle %%P?EﬂFﬁgtB8|FﬂtﬁqqeﬁﬂnCQQEHﬁ} YR Shed- t hERgnGtESd changed by
t chi terl t J,.LVU d | 10

Tt er | eavclEARE A0S Swedith CRTBR R ButTS SEEaThiF: FYRSETE scene

peri od thuéox%fgﬂg e9300 ttl% Ratey um% %}@Eﬂ s nggn%gra@%ﬁ W th the

sane audi o”wave on he I'nt'e ave ess infornmation

pr@gentat|gptgeﬁeggvbgﬂgk£lbﬁa%gng%@gt15 just as when the audio wave data

is conplete wwthin each interleaved unit |ILVU Wen the audio data is coded

using Dol by AC- 3 au@i@Pd®hd hecdhaibaseleetishatia@as st#1 be retained
even when the angle is changed, and contiguous audi o 20 reproduction can be

achi eved aguppeiradgbg she!l ciighaiie rieMédthmtit2 DO setipe H8teBANngt &yetem
because conmmopn audio data is witten to the smallest angle swtching units
(1LVU) of ¢émtrnogyllerdasaoorthien gemeEmttzestie oitbhstreaner bpavdadion | LVU.
- 148 It should be noted that the present invention shall not be limted
to only tweonkrehr 8égnppesSton angite dakingthe teperaheonupti thegl e scene

period. The
15 bitstream producer 2000. The decoding system controller

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

20 described further below with reference to Figs. 62 and 63.
The decoding system controller 2300 also extracts the title
information recorded to the optical disk M from the file
data structure area FDS of the bitstream control data Sté63
to generate the title information signal St200. Note that

25 the extracted title information includes the video manager



mul ti-angle scene period T2 shall also not be limted to S VOB units, and
may extend for the duration of the title stream It is therefore possible
to achi eve seanm ess informati on presentation as previously defined. The
operation of nulti-angle control based on the 10 digital video disk data
structure is thus as descri bed above. A nethod of recording to the
recordi ng nmedi um nul ti-angle contr-o84 eata specifically enabling selection
of a different angle data unit while reproducing one angle |5 data unit in
the sane nulti-angle scene period is, however, described bel ow. The common
angl e data BA1 shown in Fig. 23 is arrayed to a contiguous bl ock region,
the interleave unit data of the rnulti-angle data MAL, MA2, and MA3 in the
20 nul ti-angle scene period is arrayed to an interleaved bl ock region, and
t he commornaNgherslatpe BAsa £ obhowrpy, t kBeedicieririfomdtyed &atthesnext

cont i guous bl ‘ock region. Referenced to the data structure shown in Fig. 16,
the comorr angt e fatendBAdheonsllt presentetdeld tine cubBTMangl e data MAL,

25 MA2, and MA3 each constitute one cell, the cells - 149 correspondi ng
to the nulti-angl e Mata dMAd: WAZ, bdrhctMERmomttirol edahe 6868 Bisock (the
cell block node CBM of the MAL cell = "cell block start”, the CBM of the

MA2 cel | germstasssh inrpackndnitst aseFhown dmd Rite- GBM odndhésMA3 cel | 5 -
"cell block end"), and these cell blocks are angle blocks (cell block type
CBP = anglsalppIiied damthagsEr ganrabBASers 24100 ItheAeeohiagt SYEEeMhat
angl e bl ock. The cell-cell conneg¢tjons ar al so s%; for seaniess pl ayback

(seanl ess GANRNCIET |23 Bprte WRigh the 5I5§ﬁ§bwﬂ fa 7420stfucture of the

strean1conta|n|qug mul ti-angl e scene period and the basics of the on-disk
| ayout in GGt et %rred enbodi nent of the invention are shown in Fig. 47.

T by L SERR B R AHE L Whled b “LpepLonn be Treely
i's possi bl s S tfed G VEBRE- 81 1 ¥PB2Bo@Uichiagh Raprduct | PBc@fves the
10 system clock reference SCR contained in the synchronization
control data St81 to set the internal system clock STC and
supply the reset system clock St7S to the decoding system
controller 2300.
Bésed on this system clock St79, the decoding
15 system controller 2300 also generates the stream read
signal St65 at a specific interval and outputs the read
signal St65 to the stream buffer 2400. Note that the read
unit in this case is the pack.
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 Sté5 when the system



VOB-B. It is therefore |likew se possible to switch to VOB-B or VOB-D during
reproduction of VOH 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-1LVU. A-ILVU nanaddnent information is also added 25 to
the angle interleave unit A-1LVU The navigation pack - 150 Nv

previ ously described corresponds to this A-ILWmnagenent information. An
exanpl e in which the |ast pack address in the current A-1LVU and the
address of the next A-1LVU are 5 recorded for plural angles is shown as
anot her enbodi nent of the invention in Fig. 48. Wiile this figure is very
simlar tockbgk 427¢ lis anyatemtthdravireuaiystan cYdokomefieyemndavsSeR deo
object units VOHU in this exanple, and the navigation pack NV of each VOBU
contai ns thg th¥Ubdngtr@amciorkiresdataVBEEA.i n8acH itrgndfersidess of the
| ast pack in the ILVU to which the VOBU bel ongs, and the next-1LVU start
addr ess f ofcRBERIAEG EYd&xeWtodg #ahls #0oNERP LABECCESESPR 2 $MCKAGL 9
DSTA). These,L addresses are expressed as the nunber of sectors fromthe

navi gati on®PaEk 15 NV containing the address information. In fields in

datd, e.as 0, i3 E&%ﬁ%ﬂﬁiﬂ?ﬁﬁ%‘ﬁﬁégﬁ%ﬁ%%& iefc%é'iq@géa%cit_r%%ér%i%“QUET?LE
Lo know t FaeSBRARET s8Rt e eiftble & 10D JoPhOlksFE TR pelhd s 2 ©

di fferent anghe,seers Weldiotng QA no-uuRCeasary aggke iy Mt i on.  For

interleaving“data in the nu -angl e scene perio 11 angled are
i nterl eaveghboptBeusATE ad R b d &f B HPE€ahk NEBEFBaYBnBANRdAY )k Hesi Ng the

angl e interl eave

selected scenario, and outputs to the system decoder 2500.

10 When a title contains plural audio tracks, e.g.
audio tracks in Japanese, English, French, and/or other
languages, and plural sub-picture tracks for subtitles in
Japanese, English, French, and/or other languages, for
example, a discrete ID is assigned to each of the language

15 tracks. As described above with reference to Fig. 19, a
stream ID is assigned to the video data and MPEG audio
data, and a substream ID is assigned to the sub-picture
data, AC-3 audio data, linear PCM data, and navigation pack
NV information. While the user need never be aware of

20 these ID numbers, the user can select the language of the
audio and/or subtitles using the scenario selector 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



-151 unit A-ILVU for the shortest read tine. This is to enable the angle to
be changed as quickly as possible within the performance Iimts of the DVD
pl ayer. Interleave unit data is tenporarily stored to the track buffer, and
the data for 5 the angle selected next is then input to the track buffer.
However, the next angle cannot be reproduced until the data for the

previ ous angl e (the angle being rep¥®duced when the angl e was changed) in
the track buffer has been consuned. It is therefore necessary to mnimnmze
the size of the angle 10 interleave unit A-1LVU in order to maxim ze the
speed at which the next angle scene can be sel ected and presented. A conmon
interleave unit size and boundary position nust therefore be used between
the VOB constituting each angle. This nmeans that the reproduction tine of
the 15 entddéd whdealetodbmyfsignad ShésVoBtpust tre the speateeh odeeadkrVOB
and the tine at which each interleave unit can be reproduced nust be the
sanme, i.e2500hke interleave unit boundaries nust be common, for each
interleave unit at the sanme reproduction time in each angle. Mre
specifically, 20 tR2asEBsoBokbei LostaAgcEacmsamfintaired bendtheded into the
sanme nunber of_ interleave units, and the reproduction tine of said

i nt er | eavBeGRPEHIMFNHTITHEL t FieS LanklEnSEgERMaA§Feder 250G Heeswpatively
constituting each angl e pust be divided into.the sanme nunber N of

nter | cavBUNARES, SR RER:  RED-PIGEST ey npap) 40E LRI AT 11ePuk < Ny

in each a@ghg gﬁ;&ég@g%ﬁrghfgg%e%985oggckhgnvgkg%wﬁﬁgéogg%% o seani essly

repr oduce eave unl ween each ang Stream nust

be 5 COMPLELERMCIL SRR 2706V ENINELE 1o BUT LLBANS dals Higer the MPEG

standard, a close tructure QS|ng a conpression net does not
ref er encecappabiaRBY St Seah Net 7 1t eeheadeauBhb-Pusic 1o Usshah fsthss
nmethod is not used, it is not p055|ble to seam esS connect and 10 reproduce

i nterl eavendneheddeamAidi&rete@ngbe35 . ByTHEENgwhidis tHB Hixdigh ute and
interleave unit alignnment, however, contiguous reproduction is possible

tilde- wi seiapeanr ifforherangieensr thasgbdctdhe2nonbandofthenterdican® imphs in

the nmufti-angle 15 scene period is determ ned by the nunber of interleave

units in fhemother sdmpass hwbfexads b artahedthet biystere Jagygtdt 2508t ance
after an interleave unit is read, Regarding the arrangenent of the

i nt er | eavedtpnitss the mw@@lmepaﬁkérg@a%eumeﬁ@etcépirwm}e@ﬂw st in

each angle 20 are_arrayed in the angle sequenge, and_are subsequentl|
fol l oned Ky Ehe THEMIERR Wf%rr%gPBdUEgH"HéEFuFﬁ ?&cﬁfﬁ%ngq7éﬂbei4®g

arrayed in _the angle s ce. Thus, if the nunber of angles is M (where M
is a natufd lﬁu%ﬁ%?%réﬁgﬂﬁyk' M5 9), the mth angle is angle #m (where m

i a natural 25 numer, 1 < t er_,of jnterle units is
hﬁs -153 (where Nsi?%is u?éléﬁﬁ &f g%ggtg%t%#an(ﬁhﬁaléhs%%F€g$°3nd t he

Dl USRS £ MR oAtk Leavestat SadVista i dei o

nunber, a _ e Interleave unit sequence is ang #1 Interl eave
unit #1, scaRgba #HAithtie] |ave Mtst#danablbe #3 LRhea8averHdididd,

angle #Minterleave unit #1, angle #1 interleave Unit
information signal St77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding
20 system contrcller 2300 as the synchronization control data
st8l.
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



#2, angle #2 interleave unit #2, . If the interleave unit |length of each
angle is the shortest read tine for seanl essly sel ected angles where 10 the
angl e change is seam ess, the maxi num di stance that nust be junped when
novi ng between angles is the distance fromthe first angle interleave unit
in the sequence to the last interleave unit in the interleave unit sequence
of the next angle reproduced withi-8% he sequence of angle 15 interleave
units reproduced at the same tine. Thus, if the nunber of angles is An, the
junp di stance nust satisfy the follow ng equation 7. nmax. angle ILVU |l ength
X (An - 1) x 2 < junpable distance [7] 20 Wth non-seam ess nulti-angle

swi tching, each angle nust be seamnl essly reproduced, but seanl ess
reproduction is not required when noving between angl es. Therefore, if the
i nterl eavengiite kergtiiddo estehe &ifgliecbdihbe sttt esignendktagetot BReMaXi UM
di stance that nust be 25 junped when noving between angles is the distance
bet ween vidéb4deidtldmtind ravesedi b3 bhieadecadjing timinmgi f The nunber of
angles is An, the junp distance nust satisfy the follow ng equation 8. nax.
angl e | LVeyhehgbhizeAr2900)aks ¢ uggpadt atdssradc euwprlg]esTHeharet hod of
managi ng addresses on the switching unit |evel between nultiple angle data
VOB i n nubup-pAgtarscdacqbingdstast desgnpbedthdl andraud kefstreeae to Figs.
49 and 50. In Fig. 49 the angle interleave unit A-ILVU is the 10 data

swht chi ng@8RPELNGn& taFe &leders B2 AnbPhEPeamyPeristemefrcedry AOVU is

witten to the navigatio ack NV of each.angle interleave unit address
descripti%ﬁ&aéﬂaéﬁi Qﬂdégkﬁ%%%téﬂe?%%?gaHSgVOn of 15 Thi s addressing

angle i o changed. AT UG e oTe G888 12 o uaitAL Vi Fiire T ghEBRE, | ©

angl e i s changed. ess T

t he audi Or?ﬁge%dgﬁgg‘%a'esﬂéjﬁ'gé{sﬁ%%geﬁ‘%f ggﬁggntsrtgjeajmn cloec?i" units of

the angl e e tra en t 0 ows an exanple 1n ich the

video 20 gpheel sURHRIVARE S dhe St gusyi LehtRB Yildeo MUEAdIe A8l9G ess of

anot her video objéct unit VCBU is witten to the navigation pack NV of each
viigeo obj gat reBpbn¥BYo HHS vl esshPgutietBadeptowiides If Grrgwpn-gean ess

reproducti on control whereby reproduction can be changed as quickly as
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 the received video stream St83 is
equivalent to the specified presentation time. A video
stream equal in length to the specified presentation time
is thus decoded by the video decoder 3801, which outputs
the reproduced video signal St95 to the reordering buffer
20 3300 and selector 3400.
Because the encoded video stream is coded using
the interframe correlations between pictures, the coded
order and display order do not necessarily match on a frame

unit basis. The video cannot, therefore, be displayed in

25 the decoded order. The decoded frames are therefore



- 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 as the address of the next angle
interleave unit A-1LVU to be reproduced the address of a chronol ogically

|l ater A-1LVU. Note that VOB-B is designated angle #1, VOB-C is angle #2,
and VOB-D is angle #3. The nulti-aBgle data VOB-B consists of angle
interleave units A-1LVUbl, 10 A-1LVWb2, and A-1LVUW3. nulti-angle data
VOB-C simlarly consists of angle interleave units A-ILVUcl, A-ILVUc2, and
A-1LVUc3, and nulti-angle data VOB-D of angle interleave units~A-1LVUdI,
A-1LVUd2, and A=l LVUd3. The navigation pack NV of angle interleave unit 15
A-1LVUbl contains SM. AG._C#1 DSTA pointing to the rela%Qxf address of the
next angle interleave yni -4 L2 4 o MEBr Bngabudf@m in i b; SML
AGL C#2_ DEFRPESIEAT gstooé‘#e\ ‘lféél ative address of VOB-C ang)e intgﬁ}afave
unit A-1LVUc2 s&nc.hreqﬁnizz;@ t On & Per sa@Ecédnexpl safdice S teT T AT S 29 TUni t
A-1LVUb2 &% 4 ife Pblc; and SM. AGL C#3 DSTAAqu%tinQ Le Epgm
relative addr ejsssooft)tgmg é@-pe%ﬂgaxacédt vibeavsighal R 1VU2 85 "shiown by
line Pbl dSYAP%Kown by | nes Pb2b, Pb2c, and Pb2d, tr\g ﬁg&ggﬁgg%pack NV
of the neghénuﬂéééra@%bgaye3enbtaﬁE sheLvesE 357 14 LAne°Vi deo obj ect
VOB-B | i keWse contains - 156 SM. AGL C#l-EEHﬁE ;%L~AC£hg#aiB§IAy and

SM AGL CH3. 35TA- 00k pprogriatehy selgcited SRt he next angl e
interleave units A-1LVUb3, A-1LVUc3, and A-ILVU3 in VOB-B, VOB-C, and
VOB- D, respegdivebythd Ngn@hﬁﬁ&Fthé5P@rative addresses are all expressed
as the nunber of sectors frorj the navi e} cls 1 MY 1efr IvheyereBia bt ai ned
in each interl eave (mhiet SYRIRESIEYS® & ééﬁ%ﬁ|§%?3 &#itten egqihe navi gati on

pack NV of the first angle interleay it haVUskgsnpi@edOBCthe e., SM
AGL CH#2 DSﬁﬁepshbtbh&ﬁH?%tR¥WHH§Hﬁ%é?%§EN%£E of the next angleﬁ%?hﬁ;%eave
unit A-1LVUc2 in VOB-C as shown i ne: Belt; s , AGndCiHl DTS gto
the rel ati saba@d%eoidet#%% an}e%%gngl e interleave urgt Aéf%.l'%/%bz in
VOB- B, as shown by line Pclb; 15 fMrd6bofitd BSTAhsoISRITRY: e
rellétive aéﬁbe‘é’é-cd‘furt%g:’“%g% %(Sgi?e interleave unit A-1LVUd2 as, shown by

ine PCld'output request signal 5t86, the sub-pilcture buffer 2

-pi re
outputs the sub-picture stream st85 to the sub-pictu

d der 3100 Based on the presentation time information
eco .

ntained in the sub—piﬁture stream St85, the sub-picture
co

-pi eam
15 decoder 3100 decodes 2 length of the sub-picture str

ifi i i o]
st85 corresponding to the specified presentation time t

reproduce and supply to the synthesizer 3500 the

sub-picture signal st99.

The synthesizer 3500 superimposes the selector

i ! ate
20 3400 output with the sub-picture signal St29 to gener

i ut
and output the video signal St105 to the video data outp

terminal 3600.

The audio decoder 3200 generates and supplies to

! i Ssts88
the audio buffer 2800 the audilo output request signal

i i . The
25 pased on the audio stream decoding start signal 5t93



As shown by lines Pc2c, Pc2b, and Pc2d, the navigation pack NV of the next
angle interleave unit A-1LVUc2 in VOB-C |ikewi se contains the relative
addresses 20 SM. AG._C#2_DSTA, SML AG C#1 DSTA, and SM. AG.- C#3 DSTA
pointing to the next angle interleave units A-1LVUc3, A-1LVUW3, and
A-1LVUd3 in the respective video objects VOB. Again note that the relative
addresses are all expressed as the gunber of sectors fromthe navigation
pack 25 NV of the VOBU contained in each interleave unit. - 157
Addresses are simlarly witten to the navigation pack NV of the first
angle interleave unit A-ILVUdl in VOB-D, ie., SM. AGL C#3_DSTA pointing to
the relative address of the next angle interleave unit A-1LVUJ2 in VOB-D 5
as shown by line Pdld; SM. AGL C#1l _DSTA pointing to the relative address of
the sane Sg@&tc) E- 1 DE6H! eAUS Buit?uésl WD 2udi &/ Rerfeass 8P W0 byh ki ne
Pdl b; and SML AG._C#H2 DSTA pointing to the relative address of VOB-C angle
interl eavgyueiid dedddhk23a80ShowRebyuldine deticdierl B 280 shevoddy ki nes Pd2d,
Pd2b, and Pd2c, the navigation pack NV of the next angle interleave unit
A1 LVUd2 nend@h Dbf i keed sedéonsaireant Sé 87e|catrines paxtl sy etso Sthe AGL CH3
DSTA, SM. AGL C#1 DSTA, and SM. AGL C#2 DSTA pointing to the next angle

i nterl eavepedifidd | prksdntasianl LVue3 baged AN g Presankatibepetinge

vi deo objects VOB. Again note that the relative addresses are_all expressed
as % he nuriindromiasion ocentadmethd nnihieg2UdeP FadIeaV 81 heaNOBPHEBRESI ned
in each interleave unit. |In addition to the addresses SM. AG. C#1l DSTA 20
SM. AGL CEbeDIcoded awdipgatreamp Sk oy ta e AREhLER | UEPREr anet er
data as previously described with respect to Fig. 20, and further
descri pti & ™He?@2bf 378t hus omitted for sinplicity. This address

angle I nterl cave uniE Lo i At R iRy Hepbafay' Qocdp BEELRM O

addr ess | . . i.ntell eav i Je A ich,t he
navi gat i onh\éplié{én %%/l%gﬁ %ﬁgg%ggﬁdht%ﬁqu’d réégsjgsl%séwﬁ%récﬁi%ﬁf SML AGL CH2

DSfpr. and P@-ﬁ Anat-ibhe PRYiealder macks Y\ &dcK heimextnangl e
iﬁlt-bg\rl eavééll%ﬁts Eﬁ%%%% A- IlLVUc2, A- | I?VUdZ t hat 1}(;{;/n be reproduced. The

navi gat i oy Racks Me ot sAn!l b2 reont aidehadio erthadilimesiedddbt BACDf is
A-1LVUb2, and the addresses SM. AGL- C#1~DSTA, SML AGL C#2 DSTA, and SM.
AGL- C#3 DA &ftd heepovtigeti ehepadkd eN¢ooftertte desdrathdbe e ensenveénuni ts
A-1 LVUb3, A-1LVUc3, A-1LVUd3 reproduced. The navigation pack NV of

A-1 LVUb3, HHee desiredt sefeaneeuiiyt rieprddmaiswudine tunltinedixanpl e,
contains the end address |LVU EA of A-1LVUb3, and term nation information
as the addrigsstoéanh¥Biacryaeispendddd B¢ dha e lfsieRn-$EIARF £Pr oduced,

e.g., a NULL value or string of all is as the ILA/U EA, The sgecifics of the
adbr ess i nf or mat i on I steaiddpe 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.



25 to the other video objects VOB-C and VOB-D in this exanple are the sane.
By witing this address information to the navigation packs NV of each
angle interleave unit A-ILVU, it is possible to read ahead the address of
the next A-ILVU to be reproduced in chronol ogi cal sequence, and is
therefore suited to seanl ess reproduction. Furthernore, because the address
of the next A-1LVU in each of the-diher - 159 available angles is also
recorded to each navigation pack NV, the next address of the sel ected angle
can be easily obtained w thout giving special consideration to whether the
angle is changed or not, and junping to the next 5 interleave unit can be
controlled by the sane control sequence. By thus recording the relative
addresses of each A-1LVU that can be selected fromeach angle, and
constructing the engedey yiudeRest,r eaBtc Maigtatkbdm wathe#0240bl Viitieem

cl osed GOP, seaml ess reproduction wthout video disruption can be achieved
when the yu@fierg 22810 £ subehbtgetde BhéfawdkG 0dat awhio dhspHf e 38001 essly
reproduced if the sane audio is recorded for each angle, if the audio 15 is
conpl et e wanthineseaid@dr ing/Gubferf 3808 caree expiies s¢at ®have exwd dénl. tver eover
if identical audio data is recorded to each interleaved unit |LVU, the

| i stener filpunest as reRRrabe cenbliigeckbrcange theYartio furekienaliranged
if the audio is seam essly, reproduced across angl e changes. 20 A data

st Buct ur e SESISTETE nont s Sikd bsker @BY d8HEr i BRWEN Snglathahgesndiee. |

seanl ess data reproduction permttjn er.cepti bl e .bregks in the content of
the reproBYEE®S MR iR PR a%%th%gadb oﬁFﬁ??ﬁﬁ?gﬁg?éﬁﬂ%eto Fig. 50.

s i R
o Lor GBI SERANY o6l 028 oblect B! LeolEObly MOER s SpLYRLS,

As in thegase HOWbdd &g wAltet PELE3VEEALHRR DRGNS Wache s deo
obj ect unit VOBU contains the end pack address VOBU EA of each VOBU. Note

that thi sygnedipademddsssrdyOBU 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 exanpl e, homesetonthpt 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 numérous 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



NSML AGL C# DSTA address witten to the navigation pack NV of each VOBU
does not describe a chronologically |ater VOBU address, but the address of
a VOBU in a different angle 15 with a reproduction tinme preceding the tine
the angle is changed. In other words, addresses NSML AGL C#1l DSTA to NSM.
AG. CH9 DSTA to VOBU in other anglgﬁ synchroni zed to the current VOBU are
recorded. As above, #1 - #9 represSent” 20 different angle nunbers. For
fields in which an angle of the correspondi ng nunber does not exist, a
value, e.g., 0, indicating that the angle does not exist is recorded. Thus,
t he navi gati on pack NV of video object unit VOBUbl of nulti-angle data
VOB- B contai ns NSM." AGL- C#2 DSTA and 25 NSML AG. C#3 DSTA, the relative
addresses of the - 161 synchronized VOBUcl and VOBUdI in VOB-C and VOB-D
as shown B§Tripdes P Fheamprgitrl IvrkedvFganeorepacid N atevexieconbyect
unit VOBUb2 simlarly contains as shown by |lines Pb2c' and Pb2d'" 5 the

rel ati ve 2@8r 8§sé&heNagVaid@lle: s 98e antCRRRE AGRNEH3 DIHFBXIGIT t he

synchroni zed VOBUc2 and VOBUd2. .The navigation pack NV of video object unit
VOB o1 GEE SRR R AR S Ah i SR RS PB3E Tt BRsP 1RE S ot ve

addresses_NSM. A 2 DSTA and .NSM. AG.. C#3 DSTA 10 of the synchroni zed
VOBUC 3 aﬁﬁtﬁgkﬁag&y$§§#%5ﬂgﬁ%ﬁ%ﬁ?c cR%?%Rbe vi deo object units VOBUcI,

VOBUc2, and VOBUc3 .Qf. - { ni-aj d V. resses NSM
AGQ C#l DSTA and Ngﬁi[lc}%%#@%%%%%%ekgggpg@% \%ngl)a/élsysﬁ% r%ni zed VOBU as
shown by d&RF8aLS 18Ckly e WelectRiPling Ridfroalicdll 4-ARL Al il

navi gati on packs NV of video object units VOBUdI, VOBUJ2, and V of

VOB-D | i kggbseopanhdiifg e d @cinate dts Bssesr Nob oA aCth 28Ky and NSM
AG. CH2 DSTA of the respectively synchroni zed VOBU as shown by °l i nes

generating the scenario selection data St51. In scenario 1
in Fig. 21 the user can freely select any of the

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

15 With reference to Figs. 30 and 31, furthermore,
the contents of the program chain information VIS _PGCI is
described. 1In 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 VIS_PGC#2. VTS_PGC#1l 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,



20 PdI b', Pdlc', Pd2b', Pd2c', Pd3b', and Pd3c'. The angle selection
address informati on NSM. AGL C#4 DSTA to NSML AG. C#9 DSTA far non-existent
angles #4 - #9 in this exanple record a value indicating that correspondi ng
angl es do not exist, e.g., a 0 val ue. - 162 During reproduction of angle
data wth this data structure, the DVD decoder interrupts reproduction of
the angle VOBU data currently beihazreproduced when the angle is changed,

t hen reads and begi ns reproducing the VOHU data 5 for the sel ected angle.
Note that while there appears to be a tine offset between the interleaved
units of VOB-Crelative to VOB-B and VOB-D in Fig. 50, this is nmerely to
facilitate easier understanding of the address descriptions witten to the
10 respective navigation packs NV of each VOB using the line arrows as
shown. ThereBi#6 corfespendéngi te sigend (g 1@ PBLL7r espeespoading
interl eaved video objects VOB, which are aligned as shown in Fig. 49. The
data struwt wseerdodwm 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 ¥TRUPEAAFSUSISFSHIMNT B oFlOPBEFéal Ry Coarsdst s 1Rf VOBU

cont ai ni ng the address i nformati.on. Therefore, when the angle is changed,
r epr oductont iRy ??%uéBfPFaﬁkéogbgn%%ig%ﬂ?%fﬁﬁﬁﬁoﬁ tRe A EFRES *h?s

hod of i t d i ti i.s th f | m
o i G e PEr gl 838, IR WA LR QTSR RaC e Seam ess
il _ ed, 1€ _ _ oSS o
P as e EARLEDR AR ULLY o iU BT Seadet 8 PEREBCUEST e
gener at e -4 )50 SAERG1 BY S¥ehemMsCopt balr ey C%Qf}éémam@ge'a:_t k@Rpexbract ed

fromthe scenario data St7 is described below referring ig. 27. 5 The

encodi ng 4 of BT PN ESPLespOREANES t¥OBceRle @Al A KddESPABn§0BbakARNG pl ur al
VOB corresponding to the scene periods beginning and endi hg at the scene

br anchi n@ianctLobdéd ngy kit datandtYOBtdates i reaseme corierposdang to each
scene. These VOB set data streans shown in Fig. 27 10 are the encoding

i i or mat icomttabl esnijenef aaedcenastiep igl@@siorikieyl &4 dHycéht: whéodi ig system
controller 200 for creating the DVD nultinedia stream based on the

user - def inami ttkexeonndar, Yhususescgariried raspratied dent ai wsebr aashi ng 15
poi nts from conmpn scenes to. plural scenes, or connection points to other
conmmon sRhEREFHRYOB corresponding to the scene period delinited by these
branchi ng and connecting point% is a V and the,data generated to

encode a VOB set i 5"t fid3vos et h(?atc_z?sse[r i t’al'l"%c????éozﬁeﬁ R5&CSSPEci fi ed
by e VOB P G el gl S8 Kot "5y’ ! SISl TR LS A o Sace
o150 ) Sy e NCBrosbatel 378! AL Cy R SER, e VP o
seanl eSS pijg. 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#l1l 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



- 164 connection flag VOB Fsb, the follow ng VOB seam ess connection fl ag
VOB- Fsf, the nmufti-scene flag VOB Fp, the interleave flag VOB Fi, the
nmufti-angle flag VOB _Fm the nufti-angle seanml ess switching flag VOB FsV,
the maximnum5 bit rate of the interleaved VOB ILV BR, the nunber of

interl eaved VOB divisions ILV DIV, and the mnimuminterleaved unit
presentation tinme |ILVU MI. The VOB Fet nunber VOBS NOis a sequenti al

nunber identifying the VOB set and the position of the VOB set in IO the
reproducti on sequence of the title scenario. The VOB nunber VOB NOis a
sequential nunber identifying the VOB and the position of the VOB in the
reproducti on sequence of the title scenario. The preceding VOB seani ess
connection flag 15 VOB Fsb indi cates whether a seam ess connection with the
precedi ngVUBE 3i,s angrje redis aronsunactedr byr ¥OBE#i-on Thdse dardtomieiged/OB
seanl ess connection flag VOB Fsf indicates whether there is a seanl ess
connect i omuiittiiramnigd f glatew ¥r) Sapnedira fgtbeenaties Legprastdetoddn. £o0 e
nmufti-scene fl VOB_Fp identifies whether the VOB set conprises plural

vi deo obj seke V%B.swpﬁ@hm%rb%ml%@clvoagsilﬁ @86k iSfSagsl efdfet her the VOB in
the VOB set are interleaved. The nufti-angle flag VOB Fmidentifjes whet her
25 the VOBSREPIUSH oA SaARN ARgte da’-ca1655°?ﬁgsm§| ANy R SetR s

swi.t ching_flag VOB.FsV.identifies whether angle_changes wthin the

%t - angFE SOERBTIEN du A LedRAREbivRe: Sre PaiTRddd thd

interleaved block for the sake of seamless reproduction
between common scenes before and behind thereof as well as
seamless reproduction between each scene.
As described in the above, the user’s requesting
10 scenario shown in Fig. 21 can be realized by utilizing the
video title playback control information shown in Fig. 30
and the title playback VOB data structure shown in Fig. 31.
Seamless playback
The seamless playback capability briefly
15 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 maximum bit rate of the interleaved VOB 5 ILV BR defines the maxi num
bit rate of the interleaved VOBS. The nunber of interleaved VOB divisions
ILV DIV identifies the nunber of interleave units in the interleaved VOB.
10 The mnimuminterl eave unit presentation tinme ILVU MI defines the tine

t hat can be reproduced when the bit,fate of the smallest interleave unit at
which a track buffer data underflohpéfate does not occur is the maxi num bit
rate of the interleaved VOB ILV-BR during interleaved 15 bl ock
reproduction. The encoding information table for each VOB generated by the
encodi ng system controller 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 3Q0, audio encoder 700, and system encoder

900 for stERFERWdi hgtar e2Pr s8R TS RETIRGhi SR nEBHFRG FATS fdtfbh

tabl e. The VCH dat t h in FEiqg. th di i, nf ti

abl 05 goRRERLAT Q6o IRee0 TH EPGeLEt Thy TR SBUTHS Sptem
troll 200 f i - V| L1 ia.st d th

oer - def fned ti11 e CERBENERCE S, FaRith T v B RS o e Vos, and.

the data gaﬁ%g(}:?atéfjeé&g”Coﬁﬁeﬁa‘t‘:ﬂev#ﬁ%?rb%l?ilﬁ@at\é% SaLbbg BhYPBriA? pe

stream F anp a VOB set conpfising three angle scenes conprises

three vi deQ bR Es M BredPBafaba $brUal WehsHHOWD i in&l nig8ishewadhe
content of the data f'or ehcoding one VOB in the VOB data stream
for the user to understand the content or information,
e.g., audio data, data continuity is lost when the required
continuous presentation time cannot be assured.
Reproduction of such information whereby the required
10 continuity is assured 1s referred to as '"contiguous
information reproduction," or 'seamless information
reproduction." Reproduction of this information when the
required continuity cannot be assured is referred to as
"non-continuous information reproduction," or '"non-seamless
information reproduction." It is obvious that continuous
information reproduction and non-continuous information
reproduction are, respectively, 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



The VOB

k]
data structure contains the video 10 material start tine VOB

VST,

the video material end tinme VOB VEND, the video signal type VOB VrKIND, the
vi deo encoding bit rate V BR, the audio material start tinme VOB AST,
audio material end time VOH AEND, the audio coding nmethod VOB A KI ND,
0 encoding bit rate 15 A BR. The video material start tinme VOB VST
is the video encoding start tine C85responding to the time of the video

t he audi

si gnal
time cor
VOB V K
f or mat ,

The video naterial end time VOB VEND i s the video 20 encodi ng
responding to the tinme of the video signal. The video materia
ND identifies whether the encoded material is in the NISC or

for exanple, or is photographic nmaterial {a novie, for - 16

t he
and

end

| type
PAL

7

exanmpl e) converted to a television broadcast format (so-called telecine
conver si dmtefiepides éncodiengnificrmedtiorny/ wvBRen spehee bivedr aye tite wiexh t he

vi deo si

gnal is encoded. 5 The audio material start tine VOB AST is t

he

audi o encothtermittenti presentesiondi wparp neregniging théoxmditd ai gnal .

The audi

corr esporfi oy ke t hdaybaskofathe WBgdico therg gieg .nahechud

VOB A K
PCM for

o material end time VOB AEND is the audio encodin& end tine
Fo PEY@E IR Ine
ND identjfies the audi o encodi.ng nethod as AC-3, MPEG or lin
etnThaeadatrs ERPEAAHG S M rate A BRis the bit rate 15

Whé ch t h%eaéjéj{fs Scin.gngclaariniegrs]cgqggback

10

15

20

25

The specific method enabling seamless
reproduction as thus described is described later below
with reference to Figs. 23 and 24.

Interleaving

The DVD data system streams described above are
recorded using an appropriate authoring encoder EC as a
movie or other multimedia title on a DVD recoxrding medium:
Note that the following description refers to a movie as
the multimedia title being processed, but it will be
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
necessitate editing the content to conform to the mores and
moral expectations of different cultures. Even using such
a large-capacity storage system as the DVD system, however,
it is necessary to reduce the bit rate, and therefore the
image quality, if plural full-length titles edited from a

single common source title are recorded to a single disk.

t hod
ear
at



The encodi ng paraneters used by the video encoder 300, sub-picture encoder
500, and audi o encoder 700, and system encoder 900 for VOB encodi ng are
shown in Fig. 29. The encodi ng paraneters include: the VOB nunmber VOB NO
20 video encode start tinme V STTM video encode end tinme V_ENDTM the video
encode node V~ENCMD, the video enquﬁ_bit rate V RATE, the maxi mum vi deo
encode bit rate V MRATE, the GOP stfucture fixing flag GOP Fxflag, the

vi deo encode GOP structure GOPST, the initial video encode data V_INTST, 25
the | ast video encode data V_ENDST, the audio encode start - 168 tine A
STTM the audi o encode end tinme A ENDTM the audi o encode bit rate A RATE,

t he audi o encode nethod A ENCVD, the audio start gap ArSTGAP, the audio end
gap A ENDGAP, the preceding VOB nunher B~VOB NO, and the follow ng VOB 5
nunber F VoBSNBIOHKEN/@RMURBoFOVYBINGY] § e£OTHNh( FAF FORBER PAEREI PFi ng

t he VOB and th% position of the VOB iE t he reproduction sequence of the
title sceRaPFELl FEARSINERcOBESst BNF FRTPTFIEBNNFRE $REMEREFt 10 tine of

id ..al di ng._The_v] d d 1] [ h d

of dﬁfggﬁt ﬁé‘@?ﬁr%%gﬁéﬂ%%%beﬁt?%?a%?%ﬁ%&ﬁ@a#&?@’v% RBLPSaM encodi ng
_ 5 & _ e

mde for declacing whelher, T syeLse.tgheciae aane fan-shatl cbe to..

acconplis during video encoding to enabl e coding en

Ek Eoigai g%g&;ﬁ;é‘%ﬁﬁﬂﬁ?&&&“ PrEgﬁtﬁﬁhérgﬁ'a th%ge epcodeghLf rate vV
ge bit rate of video encoding. 20 The naxi mum vi deo encode
bit rate ¥iVRALE hredleidB*tRENLPLEL rhdke ahdyi deReeosh Ndretaining
high image guality.

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 coptrol 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,



The GOP structure fixing flag GOP Fxflag specifies whether encoding is
acconpl i shed w thout changing the GOP structure in the mddle of the video
encodi ng - 169 process. This is a useful paranmeter for declaring whether
seanless switch is enabled in a nulti-angle scene period. The video encode
GOP structure GOPST is the GOP structure data fromencoding. 5 The initial
vi deo encode data V I NTST sets the 9hirtial 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 paranmeter for
decl aring seamnl ess reproduction with 10 the precedi ng encoded vi deo stream
The | ast video encode data V ENDST sets the end val ue of the VBV buffer
(decoder buffer) at the end of video.encoding, and is referenced during
vi deo decqthwegvés, i thatavhiget hhedecpdiuntg bufdates Tdirs desartibetiuhere
parameter 15 for declaring seam ess reproduction with the precedi ng encoded
Vi deo st r emn sdémesuréoordeddérsmadti fifierent SaMérs ahglssart tine of audio
mat eri al encoding. The audio encode end tinme A ENDTMis the end tinme 20 of
audi o mat efpeéithens) hgitTReliubkroobdods Bihat dthe ASERATES| Bavhbebit rate
used for audi o encodi ng. The audi o encode nethod A ENCMD identifies the
audi o encdReRFded hbEcRsthe- sangpeamega [Fred It 2% ofiDEesrafprames,
5 data generated by computer graphics, 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
RCl1. 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. 1In 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.



- 170 The audio start gap A STGAP is the tinme offset between the start of
the audi o and video presentation at the beginning of a VOB. This is a
useful paraneter for declaring seam ess reproduction with the preceding
encoded 5 system stream The audio end gap A ENDGAP is the tinme of fset
bet ween the end of the audi o and video presentation at the end of a VOB.
This is a useful paraneter for decl&®+ng seanl ess reproduction with the
precedi ng encoded system 10 stream The precedi ng VOB nunber B VOB NO i s
the VOB NO of the preceding VOB when there is a seamnl essly connected
precedi ng VOB. The follow ng VOB nunber F VOB NOis the VOB NO 15 of the
follow ng VOB when there is a seam essly connected foll ow ng VOB. The
operation of a DVD encoder ECD according to the present invention is

described bel ow wi tﬁbéﬁ@é%é@a%@ohﬁ@ Erpushaition Fog. tRé. opetieatihat the
steps shown with 20 a double Iine are subroutines. It shoul d e obvi ous

that whil githeqepeeaidagthdtestisbertdrbowsiyl atgasipeatid idhdk yspoetihi s case
to the DVD encoder ECD of the present invention, the operation described

al so appltBs Lepar ad erd ngressodent F€r 2400171.eAt, Sttep ¥HAfsfehe user
inputs the editing commands according to the user-defined scenario while
confirm ngatéeveofrent uﬁetdptimalidédka dsurc bagdica sty esoms B3t St 2, and
St3. 5 At step #200, the scenario editor 100 generates the scenario data
St 3 cont arateg t Batapvdy € zaf tthentaadki hESERELI 6n Saocdte rgransfer user' s

editing instructions. Wien generating the scenario data St7 in step #200,
the user batei Hg EOmRRIS9EREd ROVANLE Y - XAGHLESaRFORF PSRl theck

Tl SCene BerLods I vt | ILELLERVLIA LB SIS, DS Lonut Lo
e L A B UL B PR AL, "G B Sfelf ermfgoact T 1 U
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 tranéferred 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



15 the DVD decoder DCD used as the reproduction apparatus of the DVD
encoded data nust be determ ned. Based on these val ues, the reproduction
time of the shortest interleaved unit is obtained fromequations 3 and 4.
Based on the reproduction tine of each scene in the nulti-scene period, 20
it nust then be determ ned whether equations 5 and 6 are satisfied. If
equations 5 and 6 are not satisfied9 the user nust change the edit commands
until equations 5 and 6 are satisfied by, for exanple, connecting part of
the follow ng scene to each scene in the nulti-scene period. - 172 \Wen
multi-angle edit conmands are used, equation 7 nust be satisfied for

seam ess switching, and edit conmmands matchi ng the audi o reproduction tine
with the reproduction tine of each scene in each angle nust be 5 entered.

| f non- seaEyesarswidectwean | 500sesect Ardugesenusie paridime ocpmmdsheo sati sfy

equation 8. At step #300, the encoding systemcontroller 200 first

det er m nedishetiter arite pesijeioscenethe ddskeMseafhdsls yitcoimauesdibdet he
precedi ng scene based on the 10 scenario data St7. Note that when the

pr ecedi ngtscarse gerstokam kufferx i 240enelplr copacdiy isifiiplental tecenes but
the presently selected target scene is a conmpn scene (not in a nulti-scene
period), abseiR d&dxiscoiHuRttbrer cFRPsCPBPFPSSAPN Ry rate s an |
...ntiML;...t..~ini-%léﬁ;l.ci ~I.:I.,:~C.C:I§§: WL. 11 i~l)]~ Ult~ Ul

i. A E scAYEFa&nthaime&d ?rﬁ?%r%d%@¥hﬁuﬁuﬂpi- PEn NS iYRENINRN t he
target scene is a multi-scene r.o seanl.ess,connection still refers to
seani essl aﬁﬂﬁﬂﬁﬁﬂﬁﬁ}EXKPQE&%%f éﬁ%ﬁeﬁmffﬁréﬁg 8&§%bﬂqﬁﬁ;£¥xﬁm%g?50n1the
sanme mul ti,- i 0 r I . N3 m ess
connect i O%sfsiﬁ}%qf%e%ﬁ}lee% o%%%%?%ﬁ)‘%ggg %Z;fé[:,&s{t g‘g"“ﬁ%@ f%tamstaa e’%p#&% Q t he

a0 VOB Bob et e et ner o e, By R R S R een

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
quantity 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 opti;al 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 Ll 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.



- 173 the target and preceding scenes. The procedure then noves to step
#600. On the other hand, if step #300 returns YES, i.e., thereis a
seanl ess connection to the preceding 5 scene, the procedure noves to step
#500. At step #500 the encoding systemcontroller 200 sets the preceding
VOB seanl ess connection flag VOB Fz@ The procedure then noves to step
#600. At step #600 the encodi ng sy Qﬁ1controller 200 10 det erm nes whet her
there is a seamn ess connection between the target and foll owi ng scenes
based on scenario data St7. If step #600 returns NO, i.e., a non-seanl ess
connection is valid,, the procedure noves to step #700. At step #700, the
encodi ng systemcontroller 200 15 resets the foll ow ng VOB seam ess
connection flag VOB Fsf indicating whether there is a seanl ess connection
with the fol | owi ng Reehey the prsdederd PfeH 9 Vs, tBhat Epagong. heddever,
I f step #600 returns YES, i.e., there is eanl ess connection to the
ShenprEcay &

f ol | owi ng28@én& e ittt SeiPB éﬂi’“ MRF e stepneseh the
enco 1 YsLeconupl Ler, 200, et sohioahthl U coafesa compect | on
encodi ng BYFEEM SaNd 0! Ll 200 28n UBLEEELNSE Ot ELIRN L0187 L Sa gL b P
5 the decoders 3801, 3100, and 3200 at the transfer rate Vo.
As a result, data accumulates 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 moving to access
10 a different disk position during the jump period Tj, data
read from the optical disk M cannot be stored to the stream
buffer 2400. Data continues to be output from the stream
buffer 2400 to the decoders 3801, 3100, and 3200 during
this period, however, and the accumulated data volume 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



scene, i.e., whether a nulti-scene period is selected, based on the
scenario data St7. As previously described, there are two possible control
met hods in nulti-scene periods: parental |ock control whereby only one of
plural 5 possible reproduction paths that can be constructed fromthe
scenes~in the nulti-scene period is reproduced, and nulti-angle control

wher eby the reproduction path can bé&kw tched within the nulti-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 multi-scene flag VOB Fp identifying whether the VOB set conprises
plural video objects VOB (a nulti-scene period is selected) is reset, 15
and the procedure noves to step #1800 for encode paraneter production. This
encode par #EREEhgPHRAUCI0YE Blvikudesly desasi BednbalHuvogioveyerdisk step
#900 returns YES, there is a nmufti-scene connection, the procedure noves to
step #1100M 3@ At cireatltl0indde valfdscisgeneliag YOR Hidpeseatl and t he
procedure noves to step #1200 whereat it is judged whether a mufti-angle
connect i onLRs ofelldotesd LilorambtLl2 Atbastepc#n2be ekpresdetdery nete whet her a
change 25 is nmade between plural scenes in the nufti-scene period, - 17S
i.e., whet ol lawhna ieguediionstene period is selected. |If step #1200 returns
NO, .i.e., no scene change is allowed in the nulti-scene period as parental

| ocR control r &y glU6F gy WPl y one reproduction pattHilas been sel ected, the
procedure 5~ mpves to step #1300. At step #1300 the nulti-angle flag VOB _Fm
i dentifying whéther e target connection scene is & Il t i -angl e scene is

reset, and the procq%gé} ggsoégugé?paﬁésgéboding stops, when the

jump period Tj is long enough for stream buffer 2400 to

empty. If the jump period Tj is held to less than the time
10 required for the stream buffer 2400 to empty, however,

decoding can continue without data interruptions. This

time at which the reading head 2006 can 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.



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 connection flag VOB Fsf
is set. If step #1302 returns YES, i.e.,~the target connection scene

seanl essly connects to the preceding, the following, or both the 15
precedi ng and foll ow ng scenes, the ﬁéocedure noves to step #1304. At step
#1304 the interleave flag VOB Fi i dé i fying 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. - 176 At step #1306 the
interleave flag VOB Fi is reset, and the procedure noves to step #1800. If
step #1200 retimns ViES shigesepf theelindiidcadls Inprit t knahgl efeddsect i on,
t he procedure noves to step 5 # 400. At step #1400, the nulti-angle flag
VOB Fm andPivrarl| ¥QPe tvPaF R edrnskhe areredacacdbiikstrepnestead step
#1500. At step #1500 t he encodi ng systemcontroller 200 10 det erm nes

Whet her t HENEHE! 5oaiey S ThrP i Seat B0s Py OBuithien Bt SSE4e Ml T OdHGRE

scene peri i.e.,.at _a reproduction unit.snaller .than the VOB, based on
t he scenar?goaa?ﬁesﬁﬁépPFT§¥r qﬂiS (B2 8r REIRGE 51&S- non- sean ess

smﬁgching occu%s, tQﬁmegg Cﬁengxe?%%o6é3§&§§ﬁ%%ﬁ¥§gu{.uﬁ%ggtSg %%?00

the"nul ti-angl €’seaniess s rng f I Ng her angl e

R T L v e
YES, i.e.,iscafhppsopibditl EbOGHE Sdedb@iREOSEEEEE FRWRS thSIAR the
next data unit to be decoded not being received in
sufficient time while decoding a particular data unit.
10 When the reproducing apparatus of the digital
video disk system is configured with a disk read rate of 11
Mbps, a maximum AV data compression rate of 10 Mbps, and a
track buffer (stream buffer 2400) capacity of 4 Mbits, for
example, a data underflow state will occur. To prevent
15 this data underflow state from occurring during the jump
period Tj in a reproduction apparatus thus configured with
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



#1700. At step #1700 the nulti-angle seam ess switching flag VOB FsV is
set, and the procedure noves to step #1800. - 177 Therefore, as shown by
the flow chart in Fig. 51, encode paraneter production (step #1800) is only
begun after the editing information is detected fromthe above flag
settings in the scenario data St7 reflecting the 5 user-defined editing
instructions. Based on the user-defjgsed editing instructions detected from
the above flag settings in the scenario data St7, information is added to

t he encoding information tables for the VOB Set units and VOB units as
shown in 10 Figs. 27 and 28 to encode the source streans, and the encoding
paraneters of the VOB data units shown in Fig. 29 are produced, in step
#1800. The procedure then noves to step #1900 for audi o and vi deo encodi ng.

Th d t [ : i.hed
orcator doier BRI B Faray Ang ta vy o st SO ERC IR O

encode par@afe! Seguphodusedath steraflilt e videa;dat aoandoaydi eapta are
encoded in step # 900, and the procedure noves to step #2000. 20 Note that

the sub- pigdvd et HBbBghSwRChARl khe Refid-athablédor ¥ihdeo traRr aduat k@ uafe an
as- needed basis, and contiguity with the preceding and follow ng scenes is
t her ef or e emiivslahtytoeaeasar wsekbrjemrerendlibed ubipectisr apgabaimatedynal |y
video information for one frame, and 25 unli ke audi o and video data havi ng
an BxtendezbqiMeibtase, It will18also be obvious that the actual
distance in sector and track units on the recording medium
can also be easily obtained from the data volume defined as
the jumpable distance based on the recording method ‘and
density of 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 Jjump operation.



5 sub-picture data is usually static, and is not normally presented

conti nuously. Because the present invention relates specifically to

seanl ess and non-seanl ess conti guous reproduction as described above,
description of sub-picture data encoding is onmitted herein for sinplicity.
Step #2000 is the last step in a loop conprising 10 15 steps #300 to step
#2000, and causes this loop to be rHpeated as many tines as there are VOB
Sets. This~loop formats t.he program chain VIS PGC#i to contain the
reproducti on sequence and ot her reproduction information for each VOB in
the title (Fig. 16) in the programchain data structure, interleaves the
VOB in the nulti-scene periods, and conpletes the VOB Set data stream and
VOB data stream needed for system stream encodi ng. The procedure then noves
to step #2100. At stRRr#2bAQ@ tdesd/Eases fdatenstheamd ARQL00pl eted as the
encodi ng information table by adding the total nunber of VOB Sets VOBS NUM
obt ai ned aampressionofatke lioep ,t haugostep?6N0ratet o YEBd3aia dat a
stream and setting the nunber of titles TITLE NO defining the nunber of
scenari o femmodiite i tnapkt bafifert, hepsomeahes du® MSpF. aile procedure then
noves to step #2200. System stream encodi ng frodu0|ng the VOB (VOB#i) data
in the Vison-teecwosegTsSTTavbBSEepFivgdersilow sbateceaphoshde in step
#2200 based on the encoded video - 179 stream and encoded audi g stream

output fréﬁ%ﬂ%ﬁﬁ#ﬂ%ﬂﬁp HH&“tﬁ@eeﬁﬁﬁi§ﬁﬁn%ﬁﬁﬂ%w§aF% FFgluppedTie imddedur e
t hen noves to ste 300. At st%% #2300 the VT or mat | on VTSI VTSI 5
nmanagenens ¥%b TeXGP8BERT A0S MRS t + S\FECPGRI $28and t he

Eéﬁﬂéﬁ?ecgw ﬁwhg ‘8 5 P%&u&g%%é’% R AGT of SPBFIaRHE
interl PaR r&ﬁ]%&% §9gd ngthed e (et c?’ O0ffa hiR-L9cised

acconplls e Speci |c éteps éxecute ormaftIng oOpération are

descri bed (helow vidy £€bREEABE, ! @oFidSK 5Q:h{%7’m§§ho<§9doégdn§@ m‘ébl% encode
par anet er productlon subroufiné shown as step #1800 in Fig.

dexcr i bed eB@dctisidude 065 BRe 29a3darvard dikriddSadyLpay of %aﬁal e the
operation generating the encode paraneters for nufti-angle control.
also necessary to record duplicate data for much
presentation time, the AV data will be low guality 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 TL1 and TL2 thus comprised

are recorded to disk, the data stream is structured with

25 data DbA and DbD as shared data of both titles TL1 and TL2,



Starting fromFig. 52, the process for generating the encode paraneters of
a non-seam ess swtching streamwth nmufti-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 infgsnation tables shown in Fig. 27 and
Fig. 28, and the encode 25 paraneters shown in Fig. 29. - 180 At step
#1812, the scenario reproduction sequence (path) contained in the scenario
data St7 is extracted, the VOB Set nunber VOBS NO is set, and the VOB
nunmber VOB NO is set for one or nore VOB in the VOB Set. 5 At step #1814
the maximumbit rate ILV BR of the interleaved VOB is extracted fromthe

scenario data $h¢{ BB ghgagggi mmtﬂed%seac&@@e@ﬁara%edti*{w%ﬂfo,mé he

encode paraneters is set on the interleav ag VOB FI setting (= 1).

10 At steprfil8lfeshhet vBLR M RitliRasd tifitodicsendatiag KeMRdtiMaA MM is
extracted fromthe scenarid data St7. At step #1818, the video encode GOP

structure £LPdqvebugs blhawiaSb?n&iMR Tar @ SetNopadthae (HR125 thleect ure
fixing flag GOP Fxflag is set (= 1), based on the multi-scene f lag VOB Fp

setting (“agpeaséepo#h828 idmeheapoivaweddB tind adsted tbhgcksutinn@igwhi ch is
descri bed below referring to the flow chart in Fig. 53. This conmmon VOB
datd settiay, rouisngs28ippdgutes fialked ldritaddi rihe nfse nef i anrowkl éa $hewn in
Figs. 27 and 28, and the encode paraneters shown in Fig. 29. At step #1822
t he video figereafost aasierndeveBipSicm®s itde datarrepreduction VOB VEND

are extracted . ) ,
paths. There is no actual time gap during playback.

The format whereby these data blocks DbaA, 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 T1, and must reach data DbC

25 before the start of period T2 as shown by arrow Sg2a in



for each VOB, and the video encode start tine V STTM and - 181 video
encode end tine V, ENDITM are used as video encodi ng paraneters. At step
#1824 the audio material start tine VOB AST of each VOB is extracted from
the 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
REND is extracted for each VOB froemlfhe scenario data St7, and at a time
not exceeding the VOB REND tine. This 10 time extracted at an audi o access
unit (AAU) is set as the audio encode end tine A ENDITM which is an audio
encodi ng paraneter. Note that the audio actess unit AAU is determ ned by

t he audi o encodi ng nethod. At step #1828 the audio start gap A STGAP 15
obtained fromthe difference between the video encode start tine V STTM and

t he audi orFaRCode St artieh i SEtArSTEMricsudafihethts BbSysthRd eeeadapaiautet er .
At step #1830 the audio end gap A ENDGAP obtained fromthe difference

bet ween t keod desstenpaae badkt itoe da@aV uENBEM e 4hé BhDi aseshede: &y tinme
A ENDTM i s defined as a system encode paraneter. At step #l 832 the video
encodi ng birtrowatSy2b BRend zrérchctadaf DR thef soermareéostlaré SiF7 peariddd he
vi deo encode bit rate V RATE, which is the average bit rate of video 25
encodi ng, T3s s&ecrxise voiebhentdaengegariaest &0 move 18he ppadiioyg HERRY t he
audi o encoding bit rate. A BR is extracted fromthe scenario data St7, and
t he audi 02fRSRetween data blocks, it is not possible to assure
seamless reproduction between data DbA and DbC, and between
DbC and DbD, unless the distance traveled between these
data blocks requires less time than the time regquired for a
data underflow state to occur in the stream buffer 2400.
10 Definition of Interleaving
To thus enable the user to selectively excise
scenes and choose from among plural scenes, a state wherein
non-selected scene data is recorded inserted between common
scene data and selectivé 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



4

bit rate A RATE is set as an audi o encodi ng paranmeter. At step #1836 the
video material type VOBV KIND 5 is extracted fromthe scenario data St7.

If the material is a filmtype, i.e., a novie converted to tel evision
broadcast format (so-called tel ecine conversion), reverse tel ecine
conversion is set for the video encode node V ENCMD, and defined as a video
encodi ng paraneter. 10 At step #1838t be audi o coding nethod VOB A KIND is
extracted fromthe scenario data St7, and the encoding nmethod is set as the
audi o encode nethod A ENCMD and set as an audi o encodi ng paraneter. At step
#1840 the initial video encode data 15 V INTST sets the initial value of
the VBV buffer to a value |l ess than the VBV buffer end value set by the

| ast vi deo encode data V ENDST, and defined as a video encodi ng paraneter.

At st #1 Vi di td i t
fo the pr ot SaEa e Tubher 1 VOB No hsad on Pne rer it st s hed o °°
precedi ng YQBasgéah%%&n%an ot d 1ath OBy Ffacoga@aS%to ik SYEDEM encode
paranmeter. At step #1844 the VOB nunber VOB NO of the 25 follow ng

connecti onths Sahpifgt Banke ko WaEh NesBsr underkddw EedR NRLASES: On
the setting (= 1) of the follow ng VOB seanl ess connection flag VOB Fsf,

and set asoacaystém ¢acedesialaniceregiwdessotdhagsenfeevad isyeriabl e and
encode 5 paraneters are thus generated for a nufti-angle VOB Set with
non3seanl ewsthufiti datgl éndwirtrelpitigpreorty olntenbliétiently accessing and
decoding the data specific to the selected scenes using
these split data units. Seamless data reproduction is
thereby assured.
Detailed Definition of Interleaving
10 The seamless 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 moves 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



The process for generating the encode paraneters of a seam ess sw tching
streamw th nufti-angle control is described belowwth reference to Fig.
54. This streamis 10 generated when step #1500 in Fig. 51 returns YES and
the followng flags are set as shown: VOB Fsb = 1 or VOB Fsf =1, VOB Fp =
1, VOB Fi =1, VOHFm= 1, and VOB FsV = 1. The foll ow ng operation
produces the encoding information_tjg@gles shown in Fig. 27 and Fig. 28, and
t he encode 15 paraneters shown in Fig. 29. The foll ow ng operation produces
t he encoding information tables shown in Fig. 27 and Fig. 28, and the
encode paranmeters shown in Fig. 29. At step #1850, the scenario

repr oducti on sequence 20 (path) contained in the scenario data St7 is
extracted, the VOB Set nunber VOBS NOis set, and the VOB nunber VOH NO i s

set for 0ROl }@%&%P\égs VOB, 2gt --1%5%1%\5%%?@1{£e--%%a [ubit rate

| LV_BR of erleav 1S extracte e Scénari o a sSt7, 25

and the Mgt e Neodge bt iALErY MyiHy ThiddPreq v ?Ef€§99§t

paranmeters Is set based on t e interleave flag VOB Fi settlng

step #1854nitd e v ninuminterl| eaved unit presentation time ILVU M is
extracted fromthe scenario 5 data St7. At step #1856, the video encode GOP
structure GOPST valwigsn Nofelbcane Ns= sk larctadtframdpliiea BCOPcsheygt ure

fixing flag GOP Fxflag is set (= 1), based on the nulti-scene flag VOB Fp
setdti ng (EnberlEdvit wtidps #868retthéredd fore rited e 166R CGPRIe ¢ SolsPécts
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 disténce, 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



to "closed GOP" based on the nulti-angle seam ess swtching flag VOB FsV
setting (= 1), and~the video encodi ng paraneters are thus defined: Step

#1 860 is the conmon 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 switching streamw th

mul ti-angle control are thus defingg9of-or a VOB 20 Set with nmulti-angle
control as described above. The process for generating the encode
paranmeters for a systemstreamin which parental |ock control is

i npl emented is described belowwith reference to Fig. 55. This streamis
gener ated when step #1200 in Fig. 51 returns 25 NO and step #1304 returns

YES, i.e., the follow ng flags - 185 are set as shown: VOB Fsb = 1 or

VOB Fsf = ko YRR u:.lv VEBeFb£=pla y%k':@atao be?l:?ré ol OW-0939R ratl on
abl

produces the encodlﬁﬁ ornatlon tables shown in Fig. 27 and Fig and

the encodg.Rar §HBRILS S shomn in Fig. 29. 5 At step #1870 t he scenarlo
reproduction sequence (path) contained in the scenario data St7 is

extracted, the VOB figtgenabeal , VOBSONRbiitssdls eafith ¢hEeVOBtaunBer m¥eR NO i s
set for one or nore VCB in the VOB Set. At step #1872 the maximumbit rate
| LV BR of offh@lbyHadkerdateyed SBstsrexthast adchr dattahecscenartpadnt a St 7,
and the maxi num vi deo encode bit rate V MRATE fromthe encode paraneters is
setS basedbuof fiehre Haftard caveinig| bhgtweBnFinterlieayed W)itAtILTEp #d87et he
nunmber of interleaved VOB 15 divisions ILV DIV is extracted fromthe
scenari o data Supt Qiepinoeyete sthaectrariiohudbBrddicr i?igrc. 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 si:ze.
One method of connecting scenes is shown in Fig.

25 35 where the following scenarios are possible: scene A



routine, which is as described referring to the flow chart in Fig. 52.
Further description thereof is thus omtted here. 20 The encode paraneters
of a systemstreamin which parental |ock control is inplenented are thus
defined for a VOB Set with nulti-scene selection control enabled as

descri bed above. The process for generating the encode paraneters 25 for a
system stream contai ning a single_gggne is described - 186 below w th
reference to Fig. 61. This streamis generated when step #900 in Fig. 51
returns NO i.e., when VOB-Fp=0.. The follow ng operation produces the
encodi ng information tables shown in Fig. 27 and Fig. 28, and the encode 5
paraneters shown in Fig. 29. At step #1880, the scenario reproduction
sequence (path) contained in the scenario data St7 is extracted, the VOB

Set nmber VOBS [ t the V [

VGB i UhEOIBSSERE o SeeRE ol 4TBEY% Ro SR bl 10 1 ST e LY B T he
interl d V .S { i , t i

Vi deo ontade IS LY NHATE POECTRE. SRS S areres o Fer oD Thaced on

t he interg%gggtﬁfﬁkﬁg%%§% sggtgegng:c%)whyéﬁﬁﬁg)gﬂﬁgﬁbf§%the conmon VOB

data setting ro I'sS as described referring to the flow chart in
Fig. 52. @a(r?tgfartﬁé&rwfignc&bea%f tiigmel Riesm@AY tefl desge Dheae floawa
efl

charts for ning the encoding 20 information table and encode paraneters

thus genergtee e pHEt 6§nbat BMBnvisteme @udi @n anuklsysasesst seame
encoding by the DVD formatter. Formatter f |ows The operation of the

subrout i ng exeaiiwthdy bhecRedDYBtboskrieesesrant ais(stepegP3061i,nDFi2g, 51B
is described 187 next with reference to Figs. 56, 57, 58, 59, and 6Q
Thi s 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,



formatter subroutine generates the DVp nultinedia bitstream The operation
of the ~VD encoder ECD 1100 5 according to the present invention is
described with reference to the flow chart in Fig. 5& Note that those
steps shown in Fig. 56 with a double line are subroutines. At step #2310
the program chain information VISWPGCl is set to the VISZ managenent table
VTST MAT for 10 the nunber of titleflﬂlTLE NC7M based an the nunber of
titles TITLE NUMin the VOB Sat data stream At step #2312 it is determ ned
whet her nufti--scene se7.ectian control is enabled based an the nufti-scene
flag VOB~Fp in the VOB Set data stream |If 15 step #2312 returns NO, i.e.,
mufti-scene control is not enabled, the procedure noves to step #2114. At
step #2314 the operation for codlng a single scene (VOB) executed by the
formatter f the_authoring encader_[EC Shawn
accorrpllshéég?ﬁysuf‘&tﬁ:ﬁlﬁg 309 PUILT i ed'Faf p'lPFaQT %%f’r"&ﬁﬁ%s
YES, i.e. fti-scene control f,O ULe moves
#2.16. At 8F C&E?Je.gt |s%dettehrem r%ﬁgha}’g gd ﬁfbgr ati itqcﬁbu%agf
i nterl eave S | e I VO—I
ﬁnEérEQEVQa Sgd%%idﬂﬁé%iérVéﬁ ek E&FXQ@ea%'§h€ it rnat

Set data stream I'f St'ep #2316 returns

i's not to pgql Bbﬁhle%%\iﬁ‘% sl GGEHHE dDYEaioveheB #3314 syldtett ep #2316
returns YES, i.e., the information is to be interieaved, the procedure

noves to stﬂerézai:&, BhAt steffed? S intdslaetedanvied whet Reariildd -anol e
control is to be inplenented based on the nulti-angle flag VoB-Fmin the

VOB Set daéadspoéans khedeeyt AA3Hhadt urns NO, the parental | ock control
routine in step #2320 is executed. If step #2318 returns YES, the 10
procedure noves to Sthep i3I eaving concept is described in further
detail below. '
The audio-video (AV) system stream described
10 above is one example of interleaving with time information.
This interleaving method arrays audio and video information
having the same time-base so that data input to the buffer
at approximately the same time is in physical proximity,
and data units having approximately the same presentation
15 time are arrayed in alternating sequence. When one scene
can be replaced with another scene in titles such as
movies, however, the time between these plural scenes often
differs. When the AV system stream interleaving method
described above 1is applied in such cases, the between-scene
20 time difference can be absorbed by the buffer if it is
within the jumpable time. TIf the between-scene time
difference is greater than the jumpable time, however, the

buffer cannot absorb the difference and seamless playback

is not possible.



At step #2320 the operation for formatting the VOB Set for parental |ock
control is executed. This subroutine is shown in Fig. 59 and descri bed

bel ow. At step #2322 it is determ ned whether 1$ nul t.).-anorl ~ n,~~m-
~~~. , i-..; t-r-r, i n~; ™ -~rlt~;.r~d b~sPd on the nmufti-angl e seanl ess
switching flag VOB FsV. If nufti-angle swtching is acconplished w thout
seam ess switching, i.e., with non-sggnless switching and step #2322

returns NO, the procedure noves to step #2326. 20 The mufti-angle

non- seam ess switching control routine executed in step #2326 by the
formatter 1100 of the authoring encoder Ec i-n Fig. 25 is described |ater
with reference to Fig. 57. - 189 If nmulti-angle switching is
acconpl i shed with seam ess switching control, i.e., step #2322 returns YES,

t he procedure noves &%'5259'éﬁﬁ@ﬁ-nggeEUE&&aaaglq ! 1(5%#3%%é§e

control 5 routine execu in step #2324 by the formatter

aut horing %}?&dsﬁoé&i Bkt 2T Hat daserbbedctahgl atehh atebeleRafet, 0 aFi 9.
58. The cell playback information (PCG information entries C PBlI) of the

VTS i nf or neldge¥TSinpab1as ththePriayicisd yindescahlednies ihiter 1e0¢ar ded+ At
step #2330 it Is determ ned whether all VOB Sets declared by the VOB Set
nunber VOBSmUM éauenbeerre orassahdiyl ¥ hdetermbthédar. WheNOinteptetlivieoops
back to step #2312, and the process runs again. If YES, all sets 15 have
beend f or mategerat henpeoeddung tévariusgmesto Reékectnfron Emgng5plurhé

mul ti-angl e non-seam ess swi tching control routine executed in step #2326
when step #3resF(g:956, MuditdANNG isceRras) i Beth FRRrBleset pAeyBarKnes the

i nterl eaved arrangenment of the 20 nultinedia bitstream MBS, the content of
the cell plEydaRkeFAPERFECNOTIME BHi Ahe PSRl PRS FREI1e6StaRa™: RS

0o o 240 b0 he N0 L, PPck M SPOUL LR ELG 20t e
mul i - angl e; {) ag) 23 VOB B e Nadl5oLaR408 NS DR Thbbhe2ag e
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

23 read data. Interleaving is also needed when recording the



- 190 is applied in the nulti-scene period, the cell block node 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 exanple, the cell block node CBM of the MAl cel

(Fig. 23) is declared as 01b to indicate the beginning of the cell bl ock,
the CBM of MA2 is declared as 10b_tjgsindicate a cell between the first and
|l ast cells in the block, and the CéNFof MA3 is declared as 11b to indicate
the end of the cell 10 block. At step #2342 based on the nmulti-angle flag
VOB_Fm setting (= 1) ,declaring whether nulti-angle control is applied in
the multi-scene. period, the cell block type CBT (Fig. 16) of the cel

pl ayback i nformation blocks C PBlI 15 #i containing the VOB control

i nf i f h degl. 0 d '
L&Sﬂ%h%‘%&oﬁaﬁﬁ KGRI S é%to"fl%%héigéﬁf- 23 e Cel
| ayback B t.rol f t
Por” 20 eadh 22%%%6 %ﬁ%&?he?p?*é?e B g e LR e B b PoR TP g VOB
oD oS! Ao gl d SpssliLn dnkd LAdi GBLER SalAe conasphign AL step
i ng in the ce

#2346 the STC rese STCDF is set to ayback
i nformati i HACKs L= P&Lc#rs 2pi€ANt akBI Bl LR Ca b Db teﬁ@b%tllo% for

each scene based - 191 on the preceding VOB seanl ess connecti on flag VOB

Fskp st at e anthicthdrs deiidé@tddt Dihadteahemd ssAAHES prESaREEELON. At step
#2348 the interleaved allocation flag | AF (Fig. 16) is set to 1 in the cel

pl ayback isaftalisites dandl other Cr&@#Bio#waventaiamsng sdiconEB anat beher
information for each scene based on the nulti-angle seamn ess switching flag
VOB FsV stretas wiiazteby titleocententndiscard meperddmedgfienraquired. ' At
step #2350 the |ocation of the naV|gat|on pack
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 NV (rel ative sector nunber fromthe VOB beginning) is detected fromthe
title editing unit (VOB bel ow) obtained fromthe system encoder 900 in Fig.
25, the navigation pack NV is detected based on the mnimuminterl eaved
unit presentation tinme ILVU MI information (a formatter 15 paraneter
obtained in step #1816, Fig. 51), the location of the VOBU expressed as the
nunber of sectors fromthe VOB begipning, for exanple, is thus obtained,
and the title editing unit VOB is divided into interleave units using VOBU
units. 20 For exanple, if in this exanple the mninmuminterleaved unit
presentation time ILVU MI is 2 sec and the presentation tinme 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 nulti;scene data it. - 192 At, step #2352.the interleave units of
cach VOB GIRSFRRSRr onftBesh 255330 75 S kA T AhEacER S Fode. Com
sequence (cell.block heginning,._mddle, en l. s itten t he VOB
control irntor aH‘oﬁmPBPgeg’%‘h%%lsa?er?g‘d?nergE}p %ﬁ%&?ﬁ}?g HERE i Mt%r | eaved
bl ocks as j [ 70 . ' I o] I added to
the VTS tf%¥§¥€%§§F5V$§¥$'VCEB§§ agﬁifﬁ%ﬁ§;égﬁﬁgglg%kﬁéégesg§brggklarations
above, forgexand! &n 1HLe2N18:¢idat 3e¥loa W AhMBn&FpbIurdd) Bl fr ranged
in that sequence. 10 At step #2354 the relative sectof nunber fromthe VOBU
staft is wWhjdePst Ont Hes¥GBenre paabldods essaamidis BA14¥bEck0) in the

navi gati on pack NV of each VOBU based on the VOBU position information
obtained in step #2%h@n Afpratiegl #23%6 DV dystseémcak| A¥EBY iddeaat talamlds £ss 15
C FVOBU SA and the last cell VOBU start address C LVOBU SA expressed as the
nunber of tWeservideoncbhecthegiamei dd stk it ed$a ipdeivDBSs( VISTT VOBS) are
written as the addresses of the navigation packs NV of the first and |ast
VOBU i n eddrecedatbasenasghst H¥) vrsthiln @ wess (SasTrivesspse0rdags obt ai ned
in step #2352. The angle #i ,VOBU start address NSM._AG. Cl1 DSTA -, NSM. AGL
C9 DSTA ofPURASR(PEcERPe¥BiLfgl EhentaitatloY ISR 3R CRRBressiom t he

T 9201 O Rk oL RER VRO M S AL Sler, 12258, T0Locataress i
interleav‘?{jser—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 poiﬁt 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



- 193 Dblocks fornmed in step #2352, and decl ares the address information
(Fig. 50) of the navigation pack NV contained in the VOBU of all angle
scenes near the presentation start tinme of the VOBU bei ng processed. 5 At
step #2360 "7FFFFFFFh" is witten to the angle #i VOBU start address NSM
AGL Cl DSTA - NSML AGL C9 DSTA of the non-seanl ess angle informati on NSM.
AG.I (Fig. 20) in the navigation pagksNV 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 bl ocks for nmulti-angle

non- seam ess switching control in the nmulti~-scene period, and formats the
cell control information as the reproduction control information for 15
those nultiple scenes. Referring to Fig. 58, the multi-angle seantess

swi t chi ng %%Wedée chfgi—gf ¢qdse d”ef%??l;ﬁ?t%%“ "m‘fﬂ?ﬁ é&ptﬁéf"’ ilady &

returns YE |s routl ne I nes the In erIeave arran enent

of the mlt;{% ot Sh;&ﬁeem B athﬁeeeogtﬁgetl thg) geh! ntttléixetta%hgleh

i nformation in Fig. 16, an ornatlon stored t

navi gati on pagk WehaueitighFits ahidved he aNe(alish Ry "Sgﬂg}a‘r@ﬂi@of
bitstream MBS. At step #2370 based on the nmulti-angle flag 25°VOB Fm

setting (=+the RedehH0i MpehBebnMitei dardei Katbdlow witf4reirerapplel @& i n
the nulti-scene period, the cell block node CBM (Fig. 16) of the cel

pl ayback i e nedcanpahpikg £ifBresl containing the VOB control information
for each scene is declared accordlng to the position of the angle data. For
5 exanpl e, et 4 vé an g 26 1|1 (Fig. 23) is declared as
0l1lb to indicate the beglnnlng of the cel | bIock the CBM of MA2 is declared
as | Ob to indicate aTeel inerheavingemsthad snrbhingcerprnlpast Bathl ock,

and the CBM of MA3 is declared,as |Ib to indicate the end of . the cell 10

bl ock. At $EHFEBIMASRTCORALAR Rl EheaRgesantyginvention 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



VOB Fm setting (= 1) declaring whether nufti-angle control is applied in
the nmufti-scene period, the cell block type CBT (Fig. 16) of the cel

pl ayback i nformation blocks C PBI 15 #i containing the VOB control
information for each scene is declared as 0lb to indicate an "angle." At
step #2374 the seanl ess pl ayback flag SPF (Fig. 16) is set to 1 in the cel
pl ayback i nformation bl ocks C PBI gantai ning the VOB control information
for 20 each scene based on the preceélng VOB seamnl ess connection flag

VOB Fsb state, which is set to 1 to indicate a seanl ess connection. At step
#2376 the STC resetting flag STCDF is set to 1 in the cell playback
information bl ocks C PBlI #i 25 containing the VOB control information for
each scene based - 195 on the preceding VOB seanl ess connection flag VOB
Fsb state, ich is, t ndi cat e s conne tlon step
42378 the MHASD SRARFSR | CRHS | CRETAVER ERE C die o) s GRetng ot Atk TR
cel |l playback inf t blocks C PBI #I contalnlng the VOB control
|nfornat|oﬁrFoF%dw- rlgq5§baégd on the nmufti-angle seam ess switching flag

VOBFeY state Whiclkdfespinborl %‘131 ”%‘ﬁatdeaﬂka(‘t%é*ﬁé‘%{é” ol fnigfukLed. Al

step #2380 the location o e navi gation pac at1ve sector

nunber froft BB RRM NP é‘ﬁz}ajféddgkécbﬁd.lfeﬁomﬂlhf‘cléé bl & e { B9 tRbfe (VOB

bel ow) obtained fromthe 'system encoder 900 in Fig. 25, the navi gation pack

NV iss det eaired thas ad gt 4 hecohBigudusnbebeRayed iwHd" pirese e i woB twEn! LVU
MI information (a formatter 15 paraneter obtained in step #1854, Fig. 53),

the | ocati disefretiee SR Bxprasdedndspoliatsuairer cafntsieni@isly ramn iyed VOB
begi nning, for exanple, is thus obtained, and the title editing unit VOB is
di vi ded i neadi fitiertdezadhem wand tisl ask ngeyOBUstniins whAGCH-q@rlumeeh@s withn this
exanple the minimuminterleaved unit presentation time ILVU M is 2 sec and
t he presentdigoes istamfinheandBendspoiptseare tipdenlrava® | Thig vi ded into
interleave units of 4 VOBU each. Note that this allocation o eratlon is

appl i ed t o¥EREPOFEEE VS RIREHST (A nJr BA¥RANAF FhSEdhdHAtig ui g . in the
10 playback sequence, i.e., block 1, block 2, block 3,

block 7.

As shown in Fig. 38, the VTS title VOBS
(VISTT_VOBS) consist of blocks 1 - 7, inclusive. Block 1
contains VOB 1 alone. Blocks 2, 3, 5, and 7 similarly

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



- 196 At step #2382 the interleave units of each VOB obtained fromstep
#2380 are arranged in the cell block node CBM sequence (cell bl ock

begi nning, mddle, and end cells) witten as the VOB control information
for each 5 scene in step #2360 to formthe interl eaved bl ocks as shown in
Fig. 37 or 38. The interleaved bl ocks are then added to the VIS title VOBS
(VTSTT VOBS). Using the cell blocklppge CBM decl ar ati ons above, for
exanple, the angle data MA1, MA2, and MA3 (Fig. 23) are arranged in that
sequence. 10 At step #2384 the relative sector nunber fromthe VOBU start
is witten to the VOB end pack address 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 1$ C FVOBU SA

and the last _cell VOBU start address C LVOBU SA expressed as the nunber of
sectors fFEAEh&Shé&fenRidy R¥ck HE Vs tFeHR VRS vRETY k)i ¥fitten

as the addresses of the navi gati.on, pac NV of _the first, and st,VOBU in
each cel | *BE5&E& 6A& R OVPS‘:tqurel ‘L(Qsﬁ%?Tc%&%§) ¢ Etﬁ‘t]e( d‘H’Jf@r e i n step
#2382. At %teeE%%g§§ the relative sector nunber fromthe VOBU start is
witten L% Fhe énd pack address VOBU EA (Fig. 20) in the navigation

pack NV of each W } r ve..unit. dafs t al i ep

#2370. - 197 Tﬁgﬁqﬁgﬁﬂf n?)%ﬁf%%%t Eﬁgdrgés?‘%ﬁ@&a%%@%sﬁﬁa e
DSFA of t{gpeeaiitdsthanditddfyyedd an SMyAEl! abFi8indOkHd the navigation
pack NV of each VOBU is witten at step #2390. This address is expressed as

the rel at by@nBagdekobnheercd s deEddie €ala afisbheonthdnseaved bl ocks
formed in step #2382, and declares the address information (Fig. 50) of the

navi gat i ohnfetkatyotoddented viing hthe/GBhkbfianlodnghe sednesinntde a start
time contiguous to the reproduction end tinme of the VOBU bei ng processed.
10 At st eprsgden CtheERERFPEEh"(the Wwliaykack occohbrambglsfgirme@Blorstod ttheldr ess
SM. AGL Cl1 DSTA - SM. AG. C9 DSTA of the seanl ess angle information SM
AGLI (Fi gdigd¥ailn viiReonglisgatsyiteck Nowe shecvORcadditaithd® in the
interleaved uynit if the interleave unit_arranged in step #2382 is the 15

| 48t i nt ePPEAYA CONANIGFMaLEPTs deéhd s AT 5%t PL sERReTRESO@NATHIAS Y out i ne
th f the interl d bl ocks f lti- | i_t chi

control | ROBHe LAuRE. S8dte pdtl GRS RPEY ik of Ehe R8¢ | CoBRE OB GRd

I nformation.ag.hRe HeR:AICHULANOL A0 PBLLPREOk o RO APHFIRIE

scenes.
block region so that contiguous blocks are contiguously

reproduced. Reproducing these contiguous blocks is
15 therefore no problem.

The internal data structure of the interleaved
block regions is shown in Fig. 40. 1In the interleaved
block regions each video object VOB is divided into
interleaved units ILVU, and the interleaved units ILVU

20 associated with each VOB are alternately arrayed. Cell
boundaries are defined independently of the interleaved
units ILVU. For example, VOB-k is divided into four
interleaved units ILVUk1l, ILVUk2, ILVUk3, and ILVUk4, and
are confined by a single cell CELL#K. VOB-k is likewise

25 divided into four interleaved units ILVUml, ILVUm2, ILVUm3,



The parental |ock subroutine (step #2320, Fig. 56) executed when step #2318

in Fig. 56 returns NO, i.e., when it is determned that parental |ock

control is - 198 inplenented and not nulti-angle control, is described

next with reference to Fig. 59. The parental |ock subroutine described

below wites the interleave unit arrangenent of the nultinmedia 5 bitstream

the content of the PGC information 18 tries C PBlI #i (cell playback

i nformation) shown in Fig. 16, and t e navi gation pack NV information shown

in Fig. 20, to the generated DVD nultinmedia bitstream At step #2402 a

val ue "00b" is witten to the 10 cell block node CBM (Fig. 16) of the cel

pl ayback i nformation bl ocks C PBl #i containing the VOB control information

for each scene based on the nulti-angle flag VOB Fm state, which is set to
ntr S _not, mul t|-scene 15

0 d - | ; bl ed

pe£ |Oo:1In :A%atgteér l‘ﬁ%‘}f’tm ?trlh%ag aﬁ?ggénﬁ ?B’a@k %Hr%}a%#ee%Ll ﬁéﬂﬁéT i sNG&R to 1
th t bl t he V trol

| or nat 1 B3O TBaAR cehetbas B LonCBta SEETAE i veetkEhn 288 c8hnect  on

20 fl E ti .

A step #%ﬁr??%%@%?@'e‘? n BePfilvifiel uhdd'HLA St oaphoagaannect | on

'nfornat'@Hebu%ﬂgifééﬁﬂd#UnQQQt@LﬁUnﬁthedﬂg%dEHErﬁ%tﬁrﬁﬁﬁfﬁtéﬂa for each
scene based - 199 on the preceding VOB seanl ess connection flag VOB Fsbh

st gt e, mhvgaebsdyﬁato 1 to indicate a seamnl ess connection. At step #2408
the interleaved allocation flag |AF (Fig. 16) is set to 1 in the cel
pl ayback infornmati ain the example shown in Fig. 40, the interleaved

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 scene.B, and then to scene D-3
starting at some midpoint in scene D; from scene A to the
beginning of scene D; and from scene A to scene C, and then
to scene D-2 starting at a midpoint in scene D different
from D-3. As shown in Fig. 36, it is also possible by

25 connecting before and after scenes (scene D-2) to align the



5 blocks C PBI #i containing the VOB control information for each scene
based on the nulti-angle seanless switching flag VOB FsV state, which is
set to 1 toindicate interleaving is required. ' At step #2410 the

navi gati on pack NV position 10 information (the relative sector nunmber from
the VOB start) is detected fromthe title editing unit (VOB) obtained from
the system encoder 900 (Fig. 25). Thg navigation pack NV is then detected
based on the nunber of interleaved divisions ILV DIV, a formatter
paranmeter obtained in step 15 #1874 in Fig. 55, to obtain the VOBU position
information (nunber of sectors fromthe VOB start), and divide each VOH
into the specified nunber of interleave units in VOBU units. At step #2412
the interleave units obtained in 20 step #2410 are then interl eaved. For

exanple, the interleave units are arranged in ascending VOB nunber sequence
to create $HerFAPEr Ry ERPOIRE S @ % ¥ gthg7dgFazstrasiunse of

interl bl ock ,added ,to th Stitle VOBS (VISTT VOBS). ., -200 At
L | Saue B ocks fLe added 0 UGS Gl SRS MTETTUGER) 200 A
VOB d k add oBU Fi,g. .2 i h i i k .NV of h

v PR, P3O s Y. A A0 b gL ohopage A o o

step #241 fhLSL_C Vi t I : |1
VOBU st ar fp %Qd%%%%é EOL%%BYEEQ%%% se a%sﬁ‘%lﬁu%]?g?ggggt (%r%sr e? ?ﬂérzﬁ he
begsnni ng of &herd¥onti ELan¥@BS (VISTT VOBS) are witten as the ' addresses
of the navigation packs NV of the first and last 10 VOBU in each cell based

on the VTQdiiheeNOBSVINGSETq¥EBShndalohit i neded tth Stepi 244621 At ht €p
#2418 the relative sector nunber to the last interleave unit pack Is.
witten tacédedl ddtbhend pack address ILVU EA in the navigation pack NV of
the VOBU 15 forming the interleaved units based on the interleaved unit
dat a obtai ned from ahepxapilz ot =t enitdbléavihg adfaritldmsect or nunber in
the interleaved block data forned in step #2412 is witten to the next-1LVU
start addregepaifiplyuySphayariabdesilengtipEadedbrdaitta onioe. ¢t hwidert | LVU in
t he navi gation packs NV of the VOBU contained in the interleaved unit [|LVU.
At 18t ep #H3@%a hisi AeeFFéRe8dNeMt: flag ILVU flag is set to 1 in the

navi gation packs NVl the VORU pantainef i fhe, Lot el svgd oyt 1LV

basically divided into the same particular number of
interleave units. It is also possible to obtain the data
volume (size) of each of this particular number of
15 interleave units based on the bit rate of the VOB to be
interleaved, the jump time and distance that can be jumped
within this jump time, the track buffer capacity and the
input rate Vr to the track buffer, and the position of the
video object unit VOBU. Each interleaved unit consists of
20 video object units VOBU, each of which comprises one or
more MPEG GOP with a data guantity 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



- 201 At step #2424, the Unit END flag of the navigation pack NV in the

| ast VoBU of the interleaved unit ILVUis set to 1. At step #2426
"FFFFFFFFh" is witten to the 5 next-1LVU start address NT_ILVU SA of the
navi gati on pack NV of the VOBU in the last interleaved unit |ILVU of each
VOB. The operation described above thus formats~the interleaved bl ocks to
enabl e parental |ock control in the 120 -nulti-scene periods, and formats the
control information in the cells, i.e., the cell playback contro
information for the nulti-scene periods. The single scene subroutine
executed as step #2314~~in Fig. 56 when steps #2312 or #2316 return NO,

i.e. 15, when the scene is determned to be a single scene and not a

mul ti-scene period, is described next using Fig. 60. The single scene
subrouti nerdeseld hafhhel oW ¥Ei pearhhevoBt 8l @A tHY te L f aDQeNRDh 1 Rfint he
mul tinmedia bitstream the content of the PGC information entries C PBl 20
#i (cell pharkaqledvd aidet | DahgERPWEri AfFitge t@taalndléﬁ@tmaafggmﬁalpack NV
i nformati on shown in Fig. 20, to the generated DVD nultinedia bitstream At
step #2430iatealluavdOiiitadigashpgbat” the- cdldrtdsacids pleraltves,there is

only one cell in the 25 functional block, is witten to the cell block node
CBM greater than the shortest interleave distance, an underflow
5 state will occur when this shortest interleave VOB is

reproduced, and non-seamless reproduction will result
instead of 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 streams.
Because the effect of interleaving can thus be determined
in advance, the need for data reprocessing, i.e., the need
to adjust the interleaQing 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



- 202 (Fig. 16) of the cell playback information blocks C PBI #i
containing the VOB control information for each scene based on the

mul ti-scene flag VOB Fp state, which is set to O to indicate that the scene
is a single scene and not part of a 5 nufti-scene period. At step #2432 the
interl eaved allocation flag | AF (Fig. 16) is set to O in the cell playback
i nformation bl ocks C PBl #i contaidghg the VOB control information for each
scene based on the nufti-angle seanless switching flag 10 VOB FsV state,
which is set to O to indicate interleaving is not required. At step #2434

t he navigation pack NV position information (the relative sector 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 timxefledvdd e s/GRefdGid SEBSEp llessvittheam atite ot hetksbhuegenrdat a
of the multinedia bitstream At step #2436 the relative sector nunber from
t he VOBU dtantt itramsfidrenrate tVie. VOBhendapaokemaddrie ssa téoBs) &8 88chFVEB 20)
in the navigation pack NV of each VOBU based on the VOBU position

i nformat i &5 dhereiare rFek cpe /@2 48aluat lessp thaagdr-he Ffrsn thel VOBU start
address C FVOBU SA and the |ast cell VOBU start address C LVOBU SA

expr essed e¥& {URE IRt M SRERD rEn e AT t RBLEEFSRYIINY ANPBLEAG t he end of ,

respectively, the VIStifle VOBS, - 203 VISTT VOBS) of the value witten
as%fhe ad GFETSES HF IP LT HR | bR %%%?%bk% &g e FFTWeG NP2 Bst 1 YOBU i n

Il based.on th title VOBS (VISTT_VOBS) data ohtained i #2434,
Sl ot opPABHED TP SIS G ERTARIC Asaher BOGTE By “aridh SO T CABD i
Fig. 51, i..@ her, i ' tign f b i
et o1 PRGN kR o " PR R AR e e SRR ER

scenes, | §rRYAldHLA0inSt £ HtPi S84 U BReYESme! REAY %ﬂg%& 10 moves to
step #2442. At step #2442 the seanl ess playback flag SPF (Fig. 16) is set

to 1 in thepriduddayiiank tHd aiaed i es1bhecksa€ BBh He GIHS NI 09 the VOB
control information for each scene based on the preceding VOB seanl ess
cdinecti ojumpable 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
quantity is jumpable distance JM, and the input data bit
rate to the track buffer of the reproduction apparatus is

20 BIT.

In terms of 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



15 flag VOB Fsb state, which is set to 1 to indicate a seanl ess connecti on.
At step #2444 the STC resetting flag STCDF is set to 1 in the cell playback
i nformation blocks C PBI #i containing the VOB control information for each
scene based 20 on the preceding VOB seam ess connection flag VOB~Fsb state,
which is set to 1. If step #2440 returns NO, i.e., there is not a seanl ess
connection to the precedi ng scene, .tijhe _procedure noves to step #2446. -
204 At step #2446 the seam ess playback flag SPF (Fig. 16) is set to O in
the cell playback information blocks C PBlI #i containing the VOB control
information for each scene based on the precedi ng VOB seanl ess connection 5
flag VOB Fsb state, which is set to O to indicate a non-seani ess
connection. At step #2448 the STC resetting flag STCDF is set to O in the
cell playb i_nf j [ ntaidy tro

ot or et on Pge STl e Ge T5EC A Sl e e T ek
connectionr%bggd%g%.Fsb state, which is set to 0. The operation described
above thus tormats a nultinmedia bitstreamfor a single scene period, and
records the control d4¥&un@hi eRel Hunbarae IEstartse SMe $ehb Bnal ayback
control information (C PBI #i, Fig. 16), and the information in the

navi gati onapacliaNé da@ 2hestOrihedpsRiduthe BeRgut tvapksa Hht steam
Decoder flow charts Di sk-to-stream buffer transfer flow 20 The decodi ng

i nf &r mat i osmtdlles tpriodheadce dyed henilecsilzrg IEYIMe mncbthe | 4l PEXO based on
t he scenario selection data St51 is described belowreferring to Figs. 62
and 63. Théntecddiavg urfidy rerésentabliencbapei FEFUMI adurottiepkafsedm t abl e

shown in Fig. 62, and the decoding 25 table shown in Fig. 63.
first. The smallest interleave unit presentation time

ILVUMT can be obtained from eguation 3, and the smallest

interleaved unit size ILVUM can be obtained from equation 4

10 below.
ILVUMT > JT + ILVUM/BIT [3]
ILVUMT x B = ILVUM [4]

From equation 3 the smallest interleave unit

presentation time ILVUMT is determined to be 2 sec., and

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 guantity and each
GOP comprises 15 frames (NTSC format), then the smallest
interleave unit is equivalent to the data stored in four

20 GOP.

As also stated above, one interleaving condition
is that the interleave distance be less than or equal to
the jumpable distance. This means that except for the VOB
with the shortest presentation time, the total presentation

25 time of plural VOB to which interleaving is applied must be



- 205 As shown in Fig. 62, the decoding systemtable conprises a scenario
information register and a cell information register. The scenario
information register records the title nunber and ot her scenario
reproduction 5 information selected by the user and extracted fromthe
scenario selection data St5l. The cell information register extracts and
records the information required td28eproduce the cells constituting the
program chai n PGC based on the user-defined scenario information extracted
10 into the scenario information register. Mre specifically, the scenario
information register contains plural sub-registers, i.e., the angle nunber
ANGLE NO reg, VTS nunber VTS NO reg, PGC nunmber VTS PGCI NO reg, audio ID
AUDI O ID reg, sub-picture ID 15 SP ID reg, and the system cl ock reference

SCR buf f ergnaRdiifiin e engbethttbeanANE EdRddagcs&d o eehihi eheangl e is
reproduced when there are nmultiple angles in the reproduction program chain

PGC. 20 ThHet\ékS duwdelidfEnde, r egfr asorics thiee ahoxaerexdmpbe trst VIS
reproduced from anong the plural VIS on the disk. The PGC nunber VTS PGC
NO reg regumsmhite chistfande pHuial 2pPoddn eral thdGRpivegenVOBnbike vi deo
title - 206 set VISis to be reproduced for parental |ock control or

ot her applriagat iishsB - STHEPRRd] BheDEATBI FMIDEheF atbrkl ¥eprpdesetheiphura

audio streans in the VTS are to _be regroduced 5 The sub- Elcture ID SP-1D
lwxfrecorG§QMﬂ§ﬂﬁ(ﬁu%WﬁﬁtY read within the jumpable distance

28.4 sec. It is then possible to calculate an
interleavable conditions equation using these values. If
each VOB in the interleaved block region is divided into
the same number of interleaved block and this number of

10 interleaved divisions is v, equation 5 can be obtained from
the conditions of the smallest interleave unit length.

(presentation time of shortest VOB)/ILVUMT < v [5]

Equation 6 can then also be obtained from the jumpable
presentétion time conditions.

15 v < (presentation time of all VOB except shortest
VOB) /IMT {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.



plural sub-picture streans is to be reproduced when there are plural
sub-picture streans in the VIS. The system cl ock reference SCR buffer SCR
buffer is the buffer for tenporarily storing the systemclock 10 reference
SCR recorded to the pack header as shown in Fig. 19. As described using
Fig. 26, this tenporarily stored systemclock reference SCRis output to

t he decodi ng systemcontrol |l er 230024s the bitstreamcontrol data St63. The
cell information register contains the 15 follow ng sub-registers: the cel
bl ock node CHM 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
C-FVOBU SA reg, and last cell VOBU start 20 address C LVOBU- SA reg. The

cel | block node CBMy¥ e Sior@stéryahdg tRdiCAl htdetdisre P! de@hesOL! S
constitute one functional block. If there are not plural cells™in one

functionaénbboskg SBMMIRGSSHIBHNBLIEKnotf ppEdidlecald S gansiid We 25 one
functional block, the value F CELL is stored as the - 207 CBMreg val ue
of the fi¢&lcakhking the Rlonk tioElforsintertdagdngheheBMorEgamiaw of
the last cell in the block, and BLOCK is stored as the CBMreg of value all
cel | s betweforehentoditnggndt dst rostéssanythe bhorkasg The ceinbdx axk type
CBT reg stores a value defining the type of the block indicated by the cel
bl 8ck nodentsrleaye phithdisdldionsck TRia RERDE- Angreasioek the BLOCK is
stored; if not, N BLOCK is stored., The sean] ess reproduction flag SPF reg
stores a YenghhuefdEhenSEeThdiaFtingatne csnorEestaiPBs bYcavvdaredhf th t he

cell or cell block reproduced therebefore..|f
scene there %fore or after. ft is

a?so 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 eguation 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.



seanl ess connection is specified, SM. is stored; if a seanl ess connection
is not specified, NSM. is stored. The interleaved allocation flag | AF 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, ILVBis
stored; otherwise NILVB is stored. The STC resetting flag STCDF defi nes
whet her the 20 systemtinme clock STg4ised for synchroni zati on nust be reset
when the cell is reproduced; when resetting the systemtine clock STCis
necessary, STC RESET is stored; if resetting is not necessary, STC NRESET
is stored. The seanl ess angl e change flag SACF reg stores a 25 val ue

i ndi cating whether a cell in a nulti-angle period - 208 shoul d be
connected seaml essly at an angle change. |If the angle change is seanl ess,

the seanl ess angle i h$eS 0 , : i Lo et to
NSV The T rat ol P %@% gsjf%rgtgé%g%ggg g’ﬁ{c/oﬁgl%ﬁpgelggii éf%ﬁ%épt ﬁ3§vo_8u
start addrgaﬁFoﬁm B8 ity Caeéﬂelt]rb&&%&af[h%ﬁaw%a%fe& Hio@HdELSE &S
expressed as the distancefromthe logic Sector of the first cell 1n the

VTS title YORBiGWERET IERR), an TRasel efady 2001 8XAEeeEed ris ty afipgsesde
nunber of sectors. 10 The last cell VOBU start address C LVOBU SA reg

stores thet¥eBhastiatn addr asstofot Nend aséntthhons bheck deimedietamy ue of
this address is al so expressed as the distance fromthe | ogic sector of the

firS§t cel |béeflorbetXeS initicdrd 8RS (ROSIN, \KOBY) steasuthe by tand mxpr essed
(stored) 15 as the nunber of sectors. The decoding table shown in Fig. 63
i s descri btumediatvelys beifome thei iptesleavrd detodkngot &blee tawmgit i ses t he
following registers: information registers for non-seanl ess nulti-angle
control, ihﬂgfﬁﬁtioﬁhﬁe@%ﬂgﬁﬁsﬁQﬁ NPRERHF RS Bhet magagha ddft itea VOBU
information register, and information regjsters for seanl ess reproduction.

The i nf or mht Bon FBE SFEPY Jhe FIRXHUM REE KA TE- ARgPEPPERSSAd cotprile
sub-regi st gr g DIV 4G TPt "G% MM 8 1R PPLAVE dni e, AN
10 can be calculated from the maximum 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 eguation 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.



NSML AGL-Cl DSTA reg - NSML AGL C9' DSTA reg record the NMSL AG Cl DSTA -
NVBL AG. C9 DSTA values in the PClI packet shown in Fig. 20. The information
regi sters for seam ess 5 multi-angle control conprise sub-registers SM. AGL
Cl DSTAreg - SM. AGL C9 DSTA reg. SM. AGL C1 DSTA reg - SM. AGL C9 DSTA
reg record the SM. AGL C1 DSTA - SM. AGL C9 DSTA val ues in the~DSI packet
shown in Fig. 20. 10 The VOBU i nf ord@fiti on regi ster stores the end pack
address VOBU EA in the DSI packet shown in Fig. 20. The information

regi sters for seamnl ess reproduction conprise the follow ng sub-registers:
an interleaved unit flag ILVU flag reg, Unit END flag 15 UNIT END fl ag reg,
Interl eaved Unit End Address ILVU EA reg, Next Interleaved Unit.Start
Address NT_ILVU SA reg, the presentation start tinme of the first video
frame in rhet¥ds (Ftructired/i tee haaigaPiesepratki OV Sesdr Thek)wifB V SPTM
reg, the presentation end tine of 20 the last video frame in the VOB (Final
Vi deo Fr amefBreses dtd dider 20 nasi phaTede ptvoB eV HeRiivning afideach
reproduction stopping tine 1 VOB A STP PTML reg, audi o reproduction

st oppi ng Viideo2 okORcA STRPTROBY egandutihe dafeodusin onstnppiggtpeni od 1
VOB A GAP LEN1 reg, and 25, audi o reproduction stopping period 2 VOB A GAP
LEN2 reg.PaCkzﬂN'%ﬁe¥ﬂﬂ%§4%%@bﬂ harere| he pesrty nRy ¥t 5enreack miVyval ue
ingicatin wgether t he vi deo pbj ect uni% VOBU is_i.n an_.i nter|eaved, bl ock,
and st ar edS| BeHINRS @AY LNGNGIEP LRE RFENGD Lt VRRY -Uni TR ENDHF§QgePI ect

UNI T_END f | th i ndi ' whet . th [ bj ect it

VBU i o THEEFalPRIOR TR nEe neSFPERDRE SR, LI AT 08 i nt or| eved
it ILVUsj i j ing, qt 2

Lor os ENDEFEIRE OB CHrTdhi Ty Berhg rech 18 (SRt VR T h The -

i nter| eavednuRhl olf- Ve AKbOLASE WM S€e210R9RaANGENR, T it £L | S5vedadhi t End
Address |ILVUEA reg stores the address of the last pack in the ILVUto

whi ch t her¥eRUth@l el@ddr ther MBRhhSe| Nbak kaker | ededbidack. 15 This
address is expressed as the nunber of sectors fromthe navigation pack NV

ofl0t hat VEBKsidlee adxind niingavgdathohs SsaahdAddr ess NT_I LVU SA reg stores
the start address of the next interleaved unit ILVUIif the VOBUIis in an
i nterl eaved 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 1s 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



20 bl ock. This address is al so expressed as the nunber of sectors fromthe
navi gation pack NV of that VOBU. The Initial Video Frane Presentation Start
Time register VOB V.SPTMreg stores the tinme at which presentation of the
first video frame in the VOB starts. - 21 1 The Final Video Frane
Presentation Term nation Tinme register VOB V.EPTMreg stores the tine at
whi ch presentation of the |ast videoiframe in the VOB ends. The audio
reproduction stopping tine 1 5 VOB A STP PTML reg stores the tinme at which
the audio is to be paused to enable resynchronization, and the audio
reproduction stopping period 1 VOB A GAP LEN1 reg stores the length of this
pause period. The audi o reproduction stopping tinme 2 10 VOB A STP PTM2 reg
and audi o reproduction stopping period 2 VOB A GAP LEN2 reg store the same

val ues. The \@pefrafqi on gctoirl?t?s VD €re0dehrPCRaaeeNdidY £10 ?1 rt’]&f‘er ence to the

i nvention as shomn'rn 1g. 26 i s described next bel ow wt

flow chart igifighr 0. e dissd 085 /18R02RAmber] oo igedealed epfboghuhet er
di sk has been inserted. it has, the procedure noves to step #310204. At

step #310204ma\i1@%ﬁ/if3mrpiacf}t | v SEbHEA i enYFSheFaddrBhs | 5nfeatht 2o, t he
procedure noves to step #310206. 20 At step #310206, the vi deo manager VMG
(Fig. 21) is read andithksvtHepefptlkeepseisiVile taf trer repadiingethesfirst
extracted. The procedure then noves to step #310208. At step #310208, the
videdtitl e r@stigememdgrhels SNV data in the interleaved unit ILVU to

obtain the location of the next interleaved unit ILVU to be
reproduced, and to what disk position the current
interleaved unit 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 according to the present
invenﬁion 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.



information VISM C ADT is extracted fromthe VIS 25 information VTSI, and
the procedure noves to step #310210. - 212 At step #310210 the video
title set nenu VISMVOBS is read fromthe disk based on the video title set
menu 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 #310212. If the titlesiigclude both contiguous titles wth no
user-sel ectabl e content, and titles containing audi o nunbers, sub-picture
nunbers, or nulti-angle scene content, the user nust also enter the 10
desired angl e nunber. Once the user selection is conpleted, the procedure
noves to step #310214. At step #310214, the VTS PGCI #i program chain (PGC)
data bl ock corresponding to the title nunber selected by the user is

extracted fromthe %g?gggg&g%ﬁg£?g%q@%i?ﬁLgaéng{§€i§Jé@r t he procedure

noves to step #3102 e program chain t hen begi ns at

step #310%4@%%89@&%%& Rex &U0dusii o8 gﬁo&hniﬁhgﬁig.tm%.decodi ng

process e a“separate title is thereafter to be reproduced as

det er mi nedyn NBHLEQLLEE RBAkAYE &Hdned0 dhetSLRDAE el @GlbQlenddie ditle
menu i s presented again (step #310210). Program chain reproduction in step

#310216 ahswieert ssdenesi bedmed fawsiuiaraldad af dr beh VAt ehebkiengontaHirged 64.
The program chain PGC reproduction routine consists of 25 steps #3l 030,
#31932, #3h03A,tbole #8dpRemantimgmparent Aok soppPri#d]108Aet e tdecodi ng
systemtabl e shown in
stream is recorded with a combination of common system
streams SSa, SSb, and Sse, an adult-oriented system stream
SSc containing the adult scenes, and a child-oriented
system stream SSd containing only the scenes suitable for
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 PGC1l
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.



Fig. 52 is defined. The angle nunmber ANGLE NO reg, VTS nunber VTS NO reg,
PGC nunber VTS, PGCI NO reg, audio ID AUDIO I D reg, and sub-picture ID

SP ID~reg are set 5 according to the selections made by the user using the
scenari o sel ector 2100. Once the PGC to be reproduced is determ ned, the
corresponding cell information (PGC information entries C PBl #]) is
extracted and the cell informatianjyegister 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, seam 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, the proce;gaﬁﬁgﬂfkgﬁﬁg?gpgﬁ£$ﬁtnggg_§§g§ﬁﬁﬁ%ﬁg§gtéﬁtgerg§ﬁ032)

and the process de e stream er’ (step #31034) are

activat edgl alhghq-The dNtESsydt s eréaRosdat 8ot @ Hha tstreaemduf fer
(step #318%%)9?2 %hglng%ESs of ?%%nsferring data ( $r0n1the recordi ng

medi um M EQrHB@,SEh‘éa@elé‘éfdfiﬂg HOhod hhSev Sous hor abeee i vdde qurpcessi ng of
reading the required 25 data fromthe recording medium M and inputting the

data to rep2dduckhens rdamebwdrera 20y sadol tFogibatelde amsmersel et ed
title informati on and the playback control information (navigation packs
NV)S wri tt eaprbdlibéngt mh@mncohimer aiyts ten sétoneans Ssepan8l@3ddb, hew process
5 for decoding the data stored to the stream buffer 2400 (Fig. 26), and
out put t i ngeflketdegodad d=paadaing Vihr cadal b-eutl potede syist@m FEERHAd
audi o data output term nal 3700. Thus, is the process for decodi ng and
repr od~i cEAg .t BaddAhens TERIPIE e P 2PBOR{ BY SEgpoStream Sse - as

instructed by the adult-oriented title program chain PGC1.
By alternatively following the child-oriented title program

10 chain PGC2 and selecting the child-oriented system stream
Ssd in the multi-scene period, a child-oriented title from
which the adult-oriented scenes have been expurgated can be
reproduced.

| This method of providing in the title stream a

15 multi-scene period containing plural alternative scenes,
selecting which of the scenes in the multi-scene period are
to be reproduced before playback begins, and generating
plural titles containing essentially the same title content
but different scenes in part, is called parental lock

20 control.

Note that parental lock control is so named
because of the perceived need to protect children from
undesirable content. From the perspective of system stream
processing, however, parental lock control is a technology

25 for statically generating different title streams by means



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,
conpleted, it is determned in step #31035 whether the conpl ete program
chain PGC has 15 been processed. |If processing the conplete program chain
PGC is not conpleted, the decoding systemtable is defined for the next
cell in step #31030. This [oop fromjgpep #31030 through 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 detai
bel ow referring to Fig. 70. The stream buffer data transfer process (step
#31032) conprises steps #31040, #31042, #31044, #31046, and #31048 shown in
the figure. - 215 At step #31040 it is determ ned whether the cell is a

mul ti-angle_cell. 1f not, the.,procedur t | 44. At st

#31044 tﬂeoﬁo%&‘ﬁ’uIutsle-rarﬁzﬁ%_%%ilEcgéggglsﬁg?%g\%%ocsgcse?ele% éﬁe%u?ed. szg\eer, i f
st #30140 . Y i jus

o1 ocedur o RBYES (0 P B0 wiere: | hE SO oot ol & EhangE Frag SACE | s
eval uated 4oy fetenylNe YL Nt REABbAEE ANOLAIAPTIAIULH Omndd1 bgyspeei fi ed.

| f seam ess angle Teproduction i's specified, the seanl ess mufti=-angle
decodi ng p&%sﬁ&daﬁweﬁ%ﬁeiiﬁ? shepchaetet. Jff seafess epgle pepmedustion
e

is not specified, thé non-seanfess mufti-angl e decoding process Is executed
15 isn st epo#3@id8.uskie Whesvihly- asghesc&ondatediml thi-ecesse (seepod31044,

Fig. 70) is described further belowwith reference to Fig. 71. Note that
t he non- nufreedyglanccein xieadbdthgepdorédnyg tsttde #8EYHCckonpri ses the steps
#31050, #31052, 20 and #31054.

This parental lock control technoleogy can also be
used to enable title stream editing such as when making the
director’s cut. The director’s cut refers to the process

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 first step #31050 evaluates the interleaved allocation flag IAF reg to
determ ne whether the cell is in an interleaved block. If it is, the
non-nufti-angle interl eaved bl ock process is executed in step #31052. -
216 The non-multi-angle interleaved bl ock process (step #31052) processes
scene branchi ng and connecti on where seamnl ess connections are specified in,
for exanple, a nulti-scene period.- BlHowever, if the cell is not in an

i nterl eaved bl ock, the non-nulti-angle contiguous bl ock process is executed
in step #31054. Note that the step #31054 process is the process executed
when there is no scene branching or connection. 10 The non-nulti-angle

i nterl eaved bl ock process (step #31052, Fig. 71) is described further bel ow
with reference to Fig. 72. At step #31060 the readi ng head 2006 is junped
to the firsiteehhpiBhkshaet aaddrass oz R%mlb%ﬁ pepdefiven ke the Gudi@BU SA
reg register. Mrre specifically, the address data C FVOBU SA reg stored in
t he decodign sysdem poaypatker a2@30Gheddsgad6) i s i nput as bitstream
reproduction control signal St53 to the reproduction controller 2002. The
20 reproduniloir-awml € obbrtxrd202 thus controls the recording nedia drive
unit 2004 and signal processor 2008 to nove the reading head 2006 to the
speci fied address, @heacionoesdd ofemwkttoanetei snevedecECCodndrottier si gnal
processing is acconplished by the signal_ processor 2008, and the cell 25
stalt VOBPXRESNT sibvephicns 1sheessprihaf atbit twitarebesence. t217igto t he
stream buffer 2400. The ﬁrocegune t hen noves to st%g #31062, At step #31062
the DSI pdthet HatZererthe RANEIEEPR A N 3% PP5BINeL BYtracted in the

5 huff 240 h di | e .is defined dth d
roves 1o drtiranttBaokfictPE AtAaP, By Yt Rt R anl o are i he | LVU
EA , NI, : . RTM,, T TP. PTML
reg,r 'egVCB %A_@%mg?%gy%%rilé%; %%iillf\(gggo?é gér?ldévl 1%%¥g3%§5§L E&gzr eg. At
step #31064, the dafa {eqmbbael bidereeldsMBYism1, #sm2, #sM3, and

10 #5C3 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 éngles during recording unit time T2, and are

15 referenced below as the first, second, and third angled
scenes.

Note that the multi-scene pericds 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 tine
period, whether or not the scenes are actually recorded at

25 different camera angles.



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
buf fer 2400. The procedure 15 then noves to step #31066. More specifically,
the address data ILVU EA reg stored in the decoding systemcontroller 2300
(Fig. 26) is supplied to the reproduction controller 2002. The reproduction
controller 2002 thus controls the rggarding 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 signal 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
thus possible to output the data -218 for one contiguous interleaved unit

ILwon the recordi ngspedbumyMcho Jhze féff%@t@é@ﬁe;@@coé&eat aR #RL066 it

is determ ned whether all interl eave nits in the interleaved bl ock have

been read 3agnd ééﬁ@éﬁ%éﬁéra'én?hé bakeHe arbriting WYY Precessedii anihe
last ILWin the interl eaved bl ock, "Ox7FFFFFFF" indicating termnation is

set to themextirld\W sheféraddrasatiérl tNeShaulag amdihe sextes cadrndgdeess.
If all interleaved units in the interleaved bl ock have thus been 10
processed, sidemgy cneslutleenefeset cadfie #8bGn AnclieepsdRiH63" t hBoteadi ng
head 2006 is again junped to the address NT_ILVLJ SA reg of the next

i nt rl eave thaitt are bef rigpe cuutbiplandamke apeogdds aldasbpbn blek to step
#31062. Note that this junp is also acconplished as 15 described above, and
the | oop f Mydhisit-egngfsd 0BRenessiepuaBaddy ther @@ &8 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 #SM1 is recorded at the
first multi-camera angle, i.e., the camera angle from the
backstop on the axis through the catcher, pitcher, and
batter. The second angled scene #SM2 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.



However, if step #31066 returns YES, i.e., all interleaved unit ILVUin the
i nterl eaved bl ock have been transferred, step #31052 term nates. 20 The
non-nul ti-angle interl eaved bl ock process (step #31052) thus transfers the
data of one cell to the stream buffer 2400. The non-multi-angle contiguous
bl ock process is executed in step #31054, Fig. 71, is described further 25
below with reference to Fig. 73. _ 9 At step #31070 the readi ng head
2006 is junped to the first cell Vt% start address C FVOBU SA read from
the CG-FVOBU SA reg register. This junp is al so acconplished as descri bed
above, and the loop fromstep #31072 to step 5 #31076 is initiated. At step
#31072 the DSI packet data in the navigation pack NV (Fig. 20) is extracted
in the stream buffer 2400, the decoding table is defined, and the procedure

noves to step #31074. The regqi ster t.in the 10 decoding table are the
VOBU EA regevEBlYsBRgasy, %R%e\/gﬁigwﬁﬁeﬁ,e eﬂdéﬁpﬁ%t%ﬁg VOB A STP

PTM2~reg, VOB, A"GAP LENL r and  VOB_A GAP_LEN? reg. step #31 074 the
data fromTH tT"i’F?Enek‘-@l @r@%u staft’ a%@?egsgm&fﬁvaﬂ%A%%@“t@’? he end pack
address 15 e d 3Ry - a 3 one video object unit VOBU, is
transferreaggggfﬁé streé#fﬁb#?%pgygo£&f%%gdﬁrocedure then noves to step

#31076. The data forrQng,vé deQr 20 8AT t4hlels %@BQﬂgﬂﬁﬁgyﬁgﬁ%¥?géigyed to the

recordi ng medium M can thus be transferred to the strea 2400. 20 At
steg #31078ckhekss #@pfier Hgyer, Wil hpsmaldveehhpddd faspheniy thrpsf eined. | f

all vOBU in the cell has not been transferred, the data for the next VOBU
is read T2; this period is called the "multi-angle scene 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 éppears to
be a time gap between common angle scenes #SCl and #SC3 and
_fhe multiple angle scenes #SMl, #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 T1 and T3
are referenced as BAl and BA3, respectively. The

25 multimedia data corresponding to the multiple angle scenes



continuously, and the process |oops back to step #31070. However, if all
VOBU data in the cell has been 25 transferred as determ ned by the C
LVOBU SA reg value in - 220 step #31076, the non-multi-angle contiguous
bl ock process (step #31054) term nates. This process thus transfers the
data of one cell to the stream buffer 2400. Another nethod of acconpli shing
the 5 non-nmulti-angle cell decoding3QLocess (step #31044, Fig. 70) is
descri bed below with reference to Fig. 74. At step #31080 the readi ng head
2006 is junped 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 noves to step #31081. At step #31081 the DSI packet data
in the navigation pack NV (Fig. 20) is extracted in the stream buffer 2400,

E Ea :silte Z?Si%g&lt'iﬁﬁés RSN B Eab e R R r e b oSSR A ey,

, ND U , VU - SPTM
reg, VOB %%gﬁﬁvﬁ’!ﬁjfe \ﬁ%’igs‘ﬁ‘%g?)%yfegéz%%n&{:% PTI\ifé r%lg‘gvf/%%k GAP LENL
(e, and MR A FH L [80rc20nbl $LER1G31087 Iteriad ardipmbbe first cell

VOBU st art address A reg to the“end pack address VOBU EA reg,

i.e., the data Jora anfeyider b 9¢bwHAl byVERUedtsind aied esf eehso the stream
buf f er 245%.J%he 6?ocedure t hen noves toyétep #310§%. - 221 At step

#3183 i s piakeglidethyhetdeta aldiesl MAYOBMAdSt arhAmen Thansf esralisol f it
has, the process
no time gap between the common angle data BAl and BA3 and
the multiple angle data units MAl, MA2, and MA3.
In the case of an MPEG system stream, however,
intermittent breaks in the playback information can result
10 between the reproduced common and multiple angle data units
depending upon the content of the data at the connection
between the selected multiple angle data unit MA1, 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



(step #31044) termnates. If it has not, the procedure noves to step
#31084. 5 At step #31084 it is determ ned whether the VOBU is the | ast VOBU
inthe interleaved unit. If not, the process |oops back to step #31081. If
so, the procedure advances to step #31085. It is thus possible to transfer
one cell of data in VOBU units to the stream buffer 2400. 10 The | oop from
step #310sl1l to step #31084 repeats g described above. At step #31085 it is
determ ned whether the interleaved unit ILVUis the last in the interleaved
bl ock. If so, step #31044 termnates. If not, the procedure 15 advances to
step #31086. At step #31086 the reading head 2006 is junped to the address
NT _ILVU SA'reg of the next interleave unit, and the procedure | oops back to
step #31081. It is thus possible to transfer the data for one cell to the

buf f . i | $a - d di d
T Ctop adtria R enp e RT ih B i L A fSeR A PEk PrpsERh SXERY) O
#31090 th%ﬁ{ﬁg%g head 2006 is junped to 25 the first cell VOBU start .

address C A read fromthe -222 C FVOBU-SA reg register, and the

first VOBU data in thgngehly ithd Iensieramshdo the, stseambyhberngd@e The
procedure then noves to"stép #31091. This junp is al so acconplished as

descri bed taa0we ] w@ish é heny Depabtamustier 2310802 | oand en #31Q96t1 Be
initiated. At step #31091 the DSI packet data in the navigation pack NV

(Filg. 20) dompéteattiesifonet hepsbdeanilouf foat t240Hrddwed tteg odomgohakhglies
defined, and the procedure noves to step #31092. The registers set in the
10 - decodiatp tBRIl eimreonpietel EALr d§, eSMrea@lyCldiSTicuky, Sbht AGL" C9
DSTA reg, VOB V_SPTMreg, VOH V EPTMreg, VOB A STP PTML reg, VOB A STP
PTM2 reg, eveRPAGAFCQ EN1angg, tand JOELRTeAt |sFMple edpta unit MA2

during reproduction of common angle data BAl. This is
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



At step #31092 the data fromthe first cell VOBU 15 start address C FVOBU
SAreg 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 noves to
step #31093. It is thus possible to output the data for one conti guous
interleaved unit I1LVU on the recording mediumM 20 to the stream buffer
2400. At step #31093 the ANGLE NO.reg is updated, and the procedure noves
to step #31094. This update operation resets the ANGLE NOreg to the angle
nunber of the angle selected by the user when the user changes the angle
using 25 the scenario selector 2100 (Fig. 26). - 223 At step #31094 it
is determ ned whether the angle cell data has all been transferred. |If all
ILVU in the cell have not been transferred, the procedure noves to step

#31095. If 1, 1LMU in_the | ed, 1 heb

term nat es'? l%t%%e#53655m§§§lfg% ﬁg%ﬁggﬁgg%%%f§§'juﬁ%egstgnﬁgggﬁéﬁi
angl e (SM. . r d.t s Q Qs stgp 9tailet e

t hat SML ﬁ%ﬁﬁég&%nt %g &d r%elgsl o%%?hée angl%alf%r%\}lg?cﬁgt ﬁg?’%\%&fzﬂ H%t reg

was updat L n, s eprd3i0e3ankd idiftuprassiblng | ofbraashapleheadata for
t he angl eeésiee e%i%ed y the useranfl% t he st?peam buffer 2400 in ILWunits. The

non- seam gt £ bmn 200k f deceditNGafiedteEndle 15 executed in step #30148,
Fig. 70, is described belowreferring to Fig. 65. At step #31100 the

reagli ng head 2006 i Sheumeethdd dheWitdiinglbetVidBehssapneaddgdss C FVOBU SA
read fromthe C FVOBU SA reg register, and the first VOBU data in the 20
cell is tmansenredmobtihenglecsnens fpar ixthols Hesrbeeduir £HERNABVes to
step #31101. This junp is al so acconplished as descrjbed_above, and the
| oop fromdetsi kIpabavwtvithepeforeoss £9 figattly. MIst épr #3290f18he Ds|
packet datg i I08 35 fRe' G3Hi00PAEG Y dfd8 o A derSatigg  §dstRsbAg
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 MA1l, 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 AS1, A52, and
A53.
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



- 224 Dbuffer 2400, the decoding table is defined, and the procedure noves
to step #31102. The registers set in the decoding table are the VOBU EA
reg, NSML AGL Cl1 DSTA*reg, NSML AG. C9 DSTA reg, VOB V_SPTMreg, VOB V EPTM
reg, 5 vVOB A STP PTML' reg, VOB A STP PTM2 reg, VOB A GAP LEN reg, and VOB
A GAP LEN2 reg. At step #31102 the data fromthe first cell VOBU start
address C FVOBU SA reg to the end papk_address VOBU EA reg, i.e., the data
for one VOBU, is transferred to 10 . the stream buffer 2400. The procedure
then nmoves to step #31103. It is thus possible to output the data for one
contiguous video object unit VOBU on the recording nediumMto the stream
buf fer 2400. At step #31103 the ANGLE NO reg i s updated, and 15 the
procedure noves to step #31104. This update operation resets the ANGLE NO

Changes. | neoannfc AHEAS, s’ BRI B0 EOnbY HUR SR NS DR 18"
#31104

transfe”e’éﬁ ?%t g%?’v%a'i n t ;B%j;ﬁ?ﬂg\ﬁr%%?ﬁ ég%gﬁ gﬁ?@ergjeféé)'?ﬁg
procedure %H&ei keceher %%%EE%tlJefﬁ- MBUH S %ﬂ@r&ehhgﬁiyﬁé%ﬁ3

transferre t he process term nates.” At step #31105 thereadi ng head 2006
i's junped tomgpikBe RAewleanr@licdNIM- It £L£H051 eors2andndhespr ggags advances

- 225 to step #31106. Note that NSM. AGL C#n reg is the address of the
angfe to wBréebehhatAWRLEiNGy eff viBs ypdaidd2 i sesbrfls, respectively.
It should be noted that while the angle data MAl, MA2, and
MA3 each has a 6 sec. presentation time, the presentation
time can obviously be set to various other particular.
values.

10 The following example describes switching to and
beginning the presentation of another (next) angie view
while reproducing any particular interleave unit. For
example, i1f 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 BS52

stops and reproduction of interleave unit C53 starts. This

25 operation again intermits both the audio and video



#31103 . It is thus possible to transfer the data for the 5 angle sel ected
by the user to the stream buffer 2400 in VOBU units. Step #31106 is an
effective step for high speed angle switching, and sinply clears the stream
buffer 2400. By thus clearing the stream buffer 2400 the data for the 10
new y sel ected angl e can be reproduced w thout reproducing the angle data
that is still not decoded. In Othefrﬂpjds, 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 reading process and effectively perforns the data readi ng once
after the detection of the end of data such as interleave unit |ILVU and

vi deo object unit VOBU for the sake of seamnl ess reproduction which is one

f i 0, 0f th i, i . Wth f . Fig. 66,
gong?:zciﬁr E%ﬁhgﬁgggPﬁegﬁgggiggb E&ggﬂ%%%%ﬁﬂggésEgﬁ?ggﬁgggﬁégbnhgdetect?on

of interleave i U is described briefly. The stream buffer 2400
conprises%g%ﬁé§%%¥#é¥'2402, a system buffer 25 2404, a navigation pack

extractor 2406, and a -Fg@ 2 The ; : 404
tenmporarily stores F%ggt ?t?\agtot:ig{n?{ho K at aev('lé'%lé?ls:i ggl%é?&?‘?c%gfe@%rgn si gnal
Stél, and QUiPLl Pe 82 RQNEN @b thNHAHTRIY Gatd %&ﬁ%ioﬁugl&\%§ VTS PGC. 5
The VOH buffer 2402 tenporarily stores the title VOB data STTAVOB (Fi g.
1002) , and-dhiodhceashSb87the bhegley Yeamdglannsesn2sd). ahie sbymiaggi gati on
pack) extractor 2406 receives the VOB data at the sane tinme with the VOB
buf fer 240 fammedforxprastatbhidomgviigat. orppsxdntdtiberefithoutThe NV
extractor 2406 furthernore extracts the VOBU final pack address COBU EA or
| LVU fi nalirgzeskn bididing stheVauBAowaingh viarde g hed @383 neheeaciion i nf or mati on
DSI @ shown in Fig. 19 to produce a pack address information St2452

(St 63). 15 The dat aTbsumedhcoiugd revtidicGiekng hehyrnddeaaiiterhe same tine

with the VOB buffer 2402, and count,s each of ) ) .
completing interleave unit presentation is described below.

10 If the user selects second angle data MA2 during
reproduction of interleave unit AS51 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 AS51 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 AS51 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



pack data shown in Fig. 19 byte by bye. Then, the data counter 2408
produces a pack input term nating signal St2454 (St63) at the tine when the
i nputting of pack data 20 is conpleted. Due to its construction shown in
Fig. 66, the stream buffer 2400 perfornms the VOBU data transfer as exanpl es
at step #31064 of Fig. 72, as follows. The stream buffer 2400 outputs the
VOBU data for the NV extractor 24061#b- and data counter 2408 at the sane
ti me when the VOBU buffer - 227 2400 receives the VOBl data on the top
of interleave unit ILW As a result, the NV extractor 2406 can extracts the
data of ILWEA and NT ILVU SA at the sane tinme wwth the inputting of

navi gation pack data NV, and outputs thereof 5 as signal St2452 (St63) to

t he decode systemcontroller 2300 (Fig. 26). The decode system controller

2300 storegnbfie §hgnapast aﬂ%nigntr%ﬁébﬂddéwéé\ cSFQtﬁstE‘beHWi%erﬂ%av@d

then start t0 counts the nunber of "packs based on the pack 10 term nating

signal 245¢nffogsbhendaha eeuri®e4iorinsaty D d8eaf@Ae, MmNk oned the
counted val ue of packs and ILVU EA reg, the decode system controller 2300

detects thentesteaca whtt Che iirpuiwiituheai o nefteackegabauet ibh\bIES
conpleted, or the inputting final byte data of the final 15 pack of the

| LVU i s cohptetkdavéhenitt B&2cdst runpdret2300 fImttleisgcaseathenmand for the
bit stream reproducer 2000 to nove to the position having a sector address

i ndd cat ed eympiret ignSALr dnteTAeaye sividarR It cckpeedRobdonpies ato 5t Becsect or
address indicated NT_ILVU-SA reg, and starts to read 20 the data. Thus, the
det ecti on B¥omj hae bRaispipgvefatde asditig Prpkesscene PRELRExt thEVU can be
performed effectively. In thiﬁabove,,an exanpl e where the multipedia data

MBS is r ep‘?%%lh’&’éél“ﬁygfhlénEFF PYEMITEST SRk erS AP00% 282Gk t REER EPBuffering
, d is_i t t .St -228 buff 2499. , Inth
e tnat DreiEn LAl b ERbonb it oo AR el AN ASh (ERRoHNeEE 3600 s
i t Lt f .Qf s i f th
contr o1 | eriSat Boys el B eRhboRtid I Cod L REEERan BEL BRI L "
repg oducer,, 2909 QH&%%%F REmpbeRAGHRS Bgs'ttfﬂé)rlrlﬁpff@é@éi RYiPd_BEYU R4 reg

after conpletion of t i nal “pack data of fore nentioned ILVU and cl earing
the interngds bu&fgrsef nbiegbear.oducer 2000. Thus, the effective
reproduction of ILVU data even when the 10 bitstreamreproducer 2000
includes a buffer fat ée&r dher@fcaed imscessery B€6Y phaceaserfeatfer nore,
when the bitstream producer 2000 has a buffer for ECC process, the data can
be transfesmidsebfeeachebnghy proWiadiendhenysamansepraedngt dohubhinheoand5s

equi valent to that of data counter 2408 (Fig. 66). |n other words, the

bi t st r eam ¢@pEaddncehe28anegehabare £t NAdeR IKNaTRE Tornpréer ohosaghakvet 62;

t he_ decode system controller 2300 ,gi ves a_conmand based on the_signal St62
thgsbitstr%%ﬁ*%%ﬁFoHDEEFm2§6°Posﬁﬂg€hﬁ@qlh?ﬁWﬁﬁﬂrﬁP%ﬁFE&@i?Fﬁkeﬁaving

Frct o c0dress desi gal o B M LV A Lo, A, aPpagenl [ om the above,
fﬂooo has a,f ungtigneoeRELT 8L+LAS 3 Fi'pPrPAuCed THOM I NenrFEQ dbhg medi a
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. In 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



- 229 It is to be noted that the apparatus and nethod substantially the
sane as those described in the above with respect to the interleave unit

| LVU 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,
t he apparatus and met hod accordi ng-tld0t-he present invention, described
above, can be used for the detection of an @nd. 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
i s descri bpdcheltewaref eary iviiéo Pagketz. ihhimalpriccetsl d Seghd!PHBHdd
conprises steps #31110, #31112, #311l4, and #3l 116. At step #31110 data is
transferrem2in pack units 20 fromthe stream buffer 2400 to the system
decoder 2500 (Fig. 26). The procedure then noves to step #31112. At step
#31112 the pack dat &nalé rowitabingr camtigflf srithigp a onebich-atglae buffers,
i.e., the video buffer 2600, sub-picture buffer 2700, and audi o buffer
2800. - 28eneApetigs APMPmis hed | @smBi tinangder syatest atEraan ol WR)

sub-picture,data, ,i.e., the audio ID AUDIQ ID r and the sub-picture ID
SP_PD reg ¥ibPRedPis Pﬁ&gﬁﬁﬂﬁﬁFQFFﬁTﬁrﬁﬁtg%ﬁcFé %ét@@%ﬂ%nwnin Fig. 62, are

compared with 5 the sirgam | b and; sul stream LB read drom e, Pagket header

ILVUbl to interleaved unit ILVUc2, for example, the total
number of audio packets in these two interleave units
ILVUbl and ILVUc2 is 6, which is one more than the

10 specified total number of 5 audio packets in this
multi-angle scene period T2. This would therefore result
in an overlap of one audio packet in the reproduced audio
if these two ILVU were connected and reproduced. Likewise,
if the angle is changed between the two intérleaved 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 equal to the specified number of audio packets in
that multi-angle scene period, the audio will not be

25 satisfactorily connected, and non-seamless information



(Fig. 19), and the matchi ng packets are output to the respective buffers.
The procedure then noves to step #31114. The decode timng of the
respective decoders 10" (video, sub-picture, and audi o decoders) is
controlled in step #31114, i.e., the decodi ng operations of the decoders
are synchroni zed, and the procedure noves to step #31116. Note that the
decoder synchroni zation process of 1dlep #31114 is descri bed below with
reference to Fig. 68. 15 The respective elenmentary strings are then decoded
at step #31116. The vi deo decoder 3801 thus reads and decodes the data from
the video buffer, the sub-picture decoder -31 00 reads and decodes the data
fromthe sub-picture buffer, and the audi o decoder 3200 reads and 20
decodes the data fromthe audio buffer. This stream buffer data decodi ng
process t heg k@At coteiin hegendesadhng /BroGeseasn it v pheigd. The
decoder synchroni zation process of step #31114, Fig. 67, is described bel ow
with refeggngere@ fitg. 25 68. This processes conprises steps #31120,

#31122, and #3l 124. -231 At step #31120 it is determ ned whether a

seamnl ess connecti orFig. specshowd hefleeangile auersntcaetrohmdhéhetheecedi ng
cell. If a seanl ess connection, the procedure noves to step #31122, if not,
t he procedultimengs e dadas B #81d MAC Ashewvnedn Fgchr’ohicontp per ati on for
produci ng seanl ess connections is executed in step #31122, and a process
syAchr oni gifi§espataEveic ¢i2 ton- seafre’saBghredatanSAls ankdA®Rd in step
#31124. 10 By neans of the present invention thus described it is possible
to read aR@nEadH o <9 FHA1Pedebrret Bheacrgmom §caned RREPfects

Cth . . . d duri g on. .
W hout 1 BLS LURLOTS ] B SaL duLbane T sarodct | R, Went eprofioing
15 reprodyge .t Bﬁs‘“c%‘?ngoﬁ@eesctéi%{ hQH%lé”ESEH}gE'a%% R;%‘itd%lkﬁaioé é%]f?a

m dpornt | is al so

presentatron tine even from a n~a vi déo abj ect.

possibl e bayeiPlnd N AMA ofndl dhal) vt deangheeels e i JAGodp e {4 hout

intermtting the data during presentation. Prura ( jets can also be
2Qor epr oduggdnby tieadid1e UHend heePps@sSartei BEebRRL a1 G882HASS! Y

switching the presented video object w thout _
likewise comprises second angle interleave unit audio data
ILVUcl and ILvUcZ2.
- 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 ILVUb1l and ILVUb2. The contiguous audio
output of angle data MAC is likewise formed from the two
interleaved unit audio data ILVUcl and ILVUc2.

20 What happens when reproduction of angle data MAC
is switched to during reproduction of the first interleave
unit audio data ILVUbl in angle data MAB is described
below. In this case reproduction of interleaved unit

ILVUc2 occurs after reproduction of interleaved unit ILVUb1l

25 is completed. As a result, the audio wave resulting from



intermtting the data during presentation. Switching between plural video
obj ects can al so be acconplished at high speed even while presentation is
in 25 process. Furthernore, it is possible to dynamically switch -232 to
anot her system stream according to a user selection even while in the

m ddl e of video object presentation when reproducing data froman optical
di sk, and these dynam c system str-ebth changes can be executed seam essly. S
I ndustrial Applicability As is apparent froma method and an appar at us
according to the present invention for interleaving a bitstreamto record
the interleaved bitstreamto a recording nedi 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

bi t st reami HeAld Wil YAELLUSakBEOLMBIHON d B AU aneee WaEhshBEnUSRY ' S
request, and is also suitable for a Digital Video D sk System or "DVD

Syst em beiig ikb wieve! wpgder egertiby. 12.- ke HubStthetLeSheeing Audley
2002 CLAIMS: 1. A bit stream generating nethod for generating a bit stream

stored to cathsrc wepe oflscrdnbyoatdiguou= Erodin nhgppasal tehinhepe isai,d
di sc reproducing apparatus conprises a track buffer far tenporarily storing
dat a read anmdrhhehaawid e connbettioac i shdffeare faren neadcomper lipef ore
transferrln said data to a decoder at a supply rate Vo, where said read
rate Vr |§%§%§ﬁ4§tQﬁﬁn said supply rate Vo, and said bit stream conprises
a plurality of V|deo ob ects CE? of which one_is alternativel reproduced
from anong m vi deo &8 FsaP add dLHignQIRAMFENEr BPARY
conpri ses steps far: se eci m vi deg obj ectsl{y%%g obt ai ni n tlne t2
ot i o FERy tfb?tpg?P Rer PG EHETGREE N TrF 397 or RGP0 cdoRABH an
opti cal f. th i ap i, et ween nterl eave
uni t (ILV%‘ %1me€% n erF%g%ggﬁﬁgt (%%ﬁﬁfﬁad%ggﬁmn %%%ﬁs%fQQSIected m
vi deo Ob]%%h%o is coded using time-base signal correlations,
10 reproduction becomes impossible at the angle switching
point when the user attempts to stop the audio data from
one angle and switch to the audio data of another angle
during reproduction in a multi-angle scene period.
Thus, when each angle in a multi-angle scene
15 period contains discrete audio data, 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.



(VOB) is segmented into v interleave units (ILVU,~) interleaved in a

sequence | LVU'..ILVU~, .... ILVU~.,~ .. ILVUIi, .. ILV 2..ILVUzZ ...
| LVU~m ,yZ. .. ILVUfiZ .. ILVU ~"., ~ . I LW~~_,~ ...
lLVU-m , ~~~., ~. . I LVUm~—~_,~ .. ILW,,...ILVU-—~ .... ILVU-m, ~~...|LVUm.

- 234 - Substitute Sheet - 3 July 20D2 where i is a sequential value

i ndi cative of a video object (VCB)'éﬁH'ranges fromltom andj is a
sequential value indicative of an interleave unit (ILVI~ and ranges from1l
t0 v, obtaining a data quantity d 1 stored to the track buffer at a
differential rate V\r - Vo during a tine tl) said tinme tl being a period
during which a bit streamconstituting said interleave unit (ILW~) is read
fromdisc, segnmenting mvideo objects into interleave units (ILW~) whereby
said data quantity duldtioranble sbteneracktbolf eccenchieds to data quantity d2
transferred at supply rate Vo fromthe track buffer to the decoder during
said tine peesany davensiiony is sleserikedn nextl vékhs sgfemeateanta diig .
objects (VOB) are interleaved in the sequence_described above. 2. A bit

st ream gentf at | BirRet BOF 1&c Satd Pt o A2 ai 3nd | MMRepEen wE 1it@so thj ect
(VOB) contains,conpressed i mage data, and the step for selecting a video
obj ect (VCBSIEéFéEBQenPﬁ%ﬁﬁ)Hﬁﬁ%ﬁés?%\kﬁﬂtmkﬁiﬁﬁgFﬁéesalve presentation

i f h , ' herein. 3. A bi
gentr ati ng ot hod BCER & T T GO BF i Lo bl o R Saie b At AHTEAT (Vo).
[ [ d ' | 1.d. .
rl Test cHAPEol e BALYERR un ey P s gl EReCLARIERSy, Bestibie |

(W2, POk SO SE R RN unkiedd AL SabeNEHEASP A SR A
A52, and A53 have presentation times of 2, 1, and 3°
seconds, respectively.

10 The second angle data MA2 similarly comprises
angle switching units B11, Bl12, and B13, and the third
angle data MA3 comprises angle switching units Cc11, Ci2,
and C13. Each of these angle switching units also
respectively have éresentation times of 2, 1, and 3

15 seconds.

Because the synchronized interleave units thus
have the same presentation times, contiguous audio and
video reproduction can be achieved without interruptions or
overlaps at the angle switching position even when the user

20 switches from one angle to another angle, and seamless
information presentation can therefore be achieved as
previously described.

To achieve the data structure shown in Fig. 46,
i.e., to set the actual presentation times of the smallest

25 angle switching units of the audio and video material in



- 235 - Substitute Sheet - 3 July 2002 4. An optical disc (M for storing a
bit stream reproduced by a disc reproduci ng apparatus, said bit stream
conprising a plurality of video objects (VOB) of which one is alten~atively
reproduced from anong m vi deo objects (VOB), wherein said disc conprises a
vi deo obj ect storage area and a nmanagenent information storage area, said
managenment information storage arealéteres presentati on sequence
information indicative of the video object (VOB) presentation sequence, aid
group information indicative of what video object (VOB) and what ocher
alternatively reproduci ble video object (VOB) are associated with the sane
group, said video object (VOB) storage area stores one or nore video

obj ects (VOB) where each of m(where mis an integer value of two or nore)
vi deo obj eghs HYDR) -3$30G HathaVigdr fo§a8B GhBURake TAHERN! athd NhenVer
interleave units (ILVU ~), where i is a sequential value indicative of a

vi deo obj est f¥EBbdagtilcaNgaidOM éach) iAbdrilebvea usddlanis il by atlue

i ndicative of an interleave unit (ILVU and ranges from1l to v, and said

i nterl eavesamet s VPEWUGa)t aareonrressiboh | moana dijyenperhitdd' .ar [BHe- GOP . .

I LW-m |, ~, .. ILVWJ',, .. ILVU-= .1LVIJ~~ .... ILM$n1,~z..ILVLTnQ | LVU, ~~. |, ~.
| LVUZ~~. , ~unit. lewelymand- two pardnatersdefinipgVithe GAR/$Aructure
I LVLIJ~m , ~, ... ILVUn".. - 23G - Substitute Sheet - 3 July 2002 said

i nterl eavea¥mi tBe( MLwnd-N ard ussgnen! ebs floen Fn 9FdBopéistaiss Qi&I. i n such
a manner that a disc reproducing apparatus is supplied with data sufficient
to sustai PP e¥enBathgn MgPer Qind HanesHePRE2 1 ARt A1) $PR S GR%f tine tl

and @ time 2 Line Ll DGl ad T LU L. gR, A B gl oo

frequently during the encoding 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 ILVUb1
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



interleave units (ILVLJ;~) frorn a disc, and tinme t2 being a tine required
for the disc reproducing apparatus to switch bit streamreproduction from
interleave unit (ILVU, ~) to interleave unit (ILVU,~) io interleave unit
ILVU; ~.,~), and said interleave unit conprises one or nore sub regions
(vOoBU) to which video data and nmanagenent information (NV) are stored, and
sai d managerment information (NV) cddprises 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 neat 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 tenpordnid ywusing i tige dsdmer @aH Etonctheedipaxranetides tiackobif frglat a
read rate Vr before transferring said data to a decoder at a supply rate
Vo, wher e dadial M candtMAGK thegpresentafdwnsdiithesuppf ythat aVV@atandn -
237 - Substitute Sheet - 3 July 2002 said bit streamconprises a plurality
of video cHjffarenv@)Ibes whikkhPeneetstal téensamseIgn ridpe osmaddestom anong
m vi deo obj ects éﬁg%?;, wherejin said_interleave units (I1LVU ~) are segnented
from m vi & ¥j R\Riﬂu?htsﬁﬁﬁe&'maghﬁﬁatWQ%%H?P%nEﬂﬁi?ylﬁl stored to

the t k ff diff tial Ve - i t] to| d
nth quanGRARaRs dredn (hireh TooTh, ARbS, Yor sk i Ehe bl kanne EAET St e
d d duri t ] { 1. k] i . J,.Qd i whi ch bi t
s??gaﬁ{co#gbﬁgﬁghﬁfgkﬁ ?n E?f%§§§P%%F?g%?%%%?EFQQ??égﬂfig%ﬁqhfsc? ahd

said ti nei%e?‘?%&&é%r@r %v&‘?%&ﬁ aeaehegaﬂgtiie.t s%;irtf‘amg{ %%ébeigﬁsc wi l |

be interrupte en a head of e di sc reproduci ng appar a junps bet ween

an interl @ave yidcHildibdd Bedhds@nthat 8hheavVewdRich idd- Wiing RetPeed di sC
(IVI'j according to claim4, wherein the énd position informatlion of an

i nterl eavehedd @ ILWeSid nchdesamaagenent information of a sub region
end address information (VOBU EA) of the associated sub region, and a flag
(URLT END fl ag) i ndhcattmgdwbetrhactuheé liynisetdtamee the tati®idi dates in the
presentation times on the smallest angle switching unit
level to the same value in different angles is described
next with reference to Fig. 79. As in Fig. 77, the
interieave 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



associ ated sub region. 7. A disc (M according to claim4, wherein mvideo
objects (VOB) associated with a sanme group contain conpressed i mage data
havi ng the sane presentation tinme when unconpressed, and sub regi on (VOBU)
managenment information (NV) contains - 239 - Substitute Sheet - 3 July
2002 end address infonnation (VOBU EA) indicative of an end address of the
associ ated sub region on disc, a ftd46FUNIT END fl ag) 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 (ILVU to be reproduced,
and angl e-specific linking information (SM. AG. C#~1-9 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 pr-esentation. 8.
A di sc (Managtesdi nghus clvihen 4theireiewnisubhaegiedn HeteBldn iaragke ddddai S

i mage data conpressed using an MPEG net hod, and said sub region (VOBIJ} is
bounded byMaBGIRAUMAC, weirdiigwows audje Haecsentapiessiwirthoutt .a@did\ di sc
reproduci ng apparatus (DCD) conprising a neans for readi ng presentation
sequence i prbennttsancg cup IvEOMRRAL2Bnthandnglei ged tothiog gordR)idnmom a
disc (M according to claim4, a retrieving nmeans faor retrieving managenent
i nf or mat i ORRPNRE RFbdeyes r%%%e*ah%b?aage( FeRFchdmer &iigid (RS Pt he
manggenent jinformation (NV), Substitute Sheet 239 - - 3 Juiy 2002 a

pre ent at i L8Rt rol neans for controlling video object presentation

according to However, if each of the smallest angle switching

units in the multi-angle scene period contain audio data
describing discrete audio waves, it may not be possible (as
described above with reference to Fig. 12) to achieve

10 contiguous audio data reproduction at the angle switching
point by simply coding each smallest angle switching unit
(ILVU) with the same audic 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



a presentation sequence indicated by the presentati on sequence information,
an angl e presentation detection neans for detecting whether a read video
object is an alternatively presentabl e video object based on the group
information, an angle selection neans for selecting one video object when a
read video object is an alternativqh? _presentabl e video object, an
interleave unit end detection nmeans tor referencing end address information
(I'LVU EA) for an interleave unit contained in the managenent i nforn~ation
of a sub region being presented, and detecting whether presentation of an
interl eave unit has reached the end, and an angle presentation control
nmeans for presenting a selected video object when a read video object is an
alternatlvel present.abl V|deo obj ect, .and ﬁ? e@r sentallon h al§ ached
t

an end of & |ﬁ@eﬂﬁﬁﬁﬁa %3 STEUGRIRG pPess teERE Y BBFE2t from
terl di cat L\ ~LJ 5A th

2?012déaaﬁﬁé n&ﬁ? n:éﬁhp eé%nNégﬁiﬁge525?%g§%;§30 gﬁgdiapparatul kBCD)e

accor di ng 4R s@LAidivia \HIDFLEOPELSLAO 2nbRaNaatar 1Al pEesent ati on

sequence i‘nformation, group tion, and a vi ject (VOB) froma

disc (M, said disgdM,£oMPhbShldid ¥h¥ao i@bjtekis %&ﬁ@g@tar\e@tamd a
management informati on stor age ar ea, sai d management informati on stor age

arep st or @achl asraldfie s ann CELVDf oanal bodatadpgaduedms 4 he vi deo
obj ect (VOB) presentation sequence, and - 240 - Substitute Sheet - 3 July

2002 gr oup ilseboarrmait oy iaut Tatwaree ods whatesideoodbjcennedt@B)g and v~~hat
other altematir~ely reproducible video object (VOB) are associated with the
sane groudiffairént dediohjverves \B)theorngdeaswatehdngs roientorv bt engtdeo
obj ects (VOB) where each of m (where mis an integer value of tmo or nore)
vi deo obj eesultveerasdwn dtleel anghealsafbagesdpbys sydf@vind F7e® v
interleave units (ILVU,~), where i is a seguentlal val ue indicative of a

vi deo obj &dstvemp kend niarkrayedmnit o ThVURAGtP seconceanet al val ue

indjicative of an interleave unit_(ILV and ranges fro
% interleaved uné% ILVUc2 w%th an enc 8 @10 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.



1tov, and said interleave units (1LVU,~) are arranged in a seguence

ILvU'. . I1LVUz, .... ILVU-m,~ ..ILWn .. ILVU ~ .ILVLT2~ ...
lLVU-m, ~~. . I LVUmre |LVU,w,~ . |ILVUZ~~, .~ ... ILVUm,6~~,,., ~. .
| LVUn~~.,~.. ILVLY],,... ILVWUz,, .... ILVU-m,~~:. ILVIIJm,. said interleave

units (ILVU, ~) are segnented fromnygi-deo objects (VOB) in such a manner
that a disc reproducing apparatus is supplied wth data sufficient to
sustain presentation for atinme t3, where time t3 is a sumof tinme tl and a
time t2, tinme tl being atime required to read a bit stream constituting
said interleave units (ILVLJ,~) froma disc, and tinme t2 being a tine
required for the disc reproducing apparatus to switch bit stream - 241 -

Substitute Sheet - 3_J 0 ' i (1 LVLI, ~
ubstitute shee L%?ﬂg%g Pel RREQAAUGH QN é{%‘%{é‘%%ﬁ%e%@e&lg% nl )

to interl eave unit to interleave uni ~+~~), sai d

I nterl eavgnyRht (CAMYEA SEHn PPEQOLoTBREYS ¥R @Y Ai-d/@Rifed OophaRg1¥i deo

data and managenent 1 nfonmation (NV) are stored, and said nanagenent

informati gae&NMh AN iSesheNduaddraaglenkeei ity idd.VU ffe i ndicative of
an end address of the associated interleave unit (ILVU), and |inking

i nf onnat i ga1 eNFanigdd SNYehddbeni bieTof sAaplsialisen iyt the Tiwttéd) tof a neat
interleave unit (ILVU) to be reproduced, wherein the end position

i nBor mat i voBolindnr s nterid egae erténdofipri she idurtate orarmafjeresmttinler mati on
of a sub region, end address information (VOBU EA) of the associated sub
regi on, astireafil.ag (UNIT END flag) indicating whether the interleave unit
tern~.inates in the associ ated sub region; wherein the inter|eave unit end
detecti on neans det®etiSwhBeHeL OprePOFEIHIISh t6F arhieve seamless

information presentation as previously defined.
The operation of multi-angle control based on the
10 digital video disk data structure is thus as described
above.

A method of recording to the recording medium
multi-angle control data specifically enabling selection of
a different angle data unit while reproducing one angle

15 data unit in the same multi-angle scene period is, however,
described below.

The common angle data BAl shown in Fig. 23 is
arrayed to a contiguous block region, the interleave unit
data of the multi-angle data MAl, MA2, and MA3 in the

20 multi-angle scene period is arrayed to an interleaved block
region, and the common angle data BA3 following thereafter
is arrayed to the next contiguous block region. Referenced
to the data structure shown in Fig. 16, the common angle
data BAl constitutes one cell, the multi-angle data MA1l,

25 MA2, and MA3 each constitute one cell, the cells



vi deo object (VOB) has reached the end of an interleave unit based on end
address i ~ifoi~rnation (VOBU EA) for a sub region on disc, and a flag
(U~TIT EI~" D flag) indicative of an end of an interleave unit. 11. A disc
reproduci ng apparatus (DCD) according to claim9, further conprising an
angl e change acceptance neans and. gpgangl e change control neans, wherein
sai d readi ng neans reads presentation sequence information, group

i nforn~ation, and a video object (VOB) froma disc (M, said disc (M

conpri sing - 242 - Substitute Sheet - 3 .July 2002 a video object storage
area and a managenent information storage area, said managenent i nfonezaiion
storage area stores presentation sequence information indicative of the

d bj di i
of what vEHEE HBOBEL TUCR) T WALEL CURGYe P BByt °r'2§$r'e> deh1e Vi deo
b b VOB
cLorage af SACLEFAE GRS O rhr s U e oB) Sar s PUeRT medies it h*f;?hﬁé( whr o

mis an ifhegerrvakue Qf it 4o aE é@@f@-) vm@ngm s?t %h(eV‘Q@ e speiated with
a sanme group is segmented into ~ interl eave units erei is a

sequent i akpualden FdirGa iarR ofask VESEDs 0] 868 ENEBrpanNd# angesyAfomriito m
and | is a sequential value indicative of an interleave unit (I'twJ) and

rafges fremrgelld wloakd ey u&mlw:ee uaaels PLEYWs~ hray %r%]f@ﬂgpébké‘ a
sequence | LVU. . ILVU2: .... ILVU~n, ~..1LVU', ~ .. ILVU; Z

ILV%n,.~~fcelﬂMbﬂobkvapenCBT.=Idﬂ@ﬂh}l;“The.cothH~thme'@ata BA3
lLVUn, ~~. . 1~.. ILVU ~ . ILVWR2~ .... ILVUm,?,... ILVUn.. said interl eave
units (ILVE; theareldefinaht eprinagisn 1o deatbbirgls PYGBX.i nTwch a manil er
that a disc_reproducing apparatus is supplied with data sufficient to
sust ai n pFesénfaiilofFondeck ianfe are P eS¢t nfor 3spamdessmpdiaiank t| ari d

atinmet?2,
(seamless playback flag SPF = "seamless playback").

10 The structure of the stream containing a
multi-angle scene period and the basics of the on-disk
layout in the preferred embodiment of the invention are
shown in Fig. 47. The multi-angle scene period is a period
in which the stream can be freely changed by the user. In

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



- 243 - Substitute Sheet - 3 July 2002 tine tl being a tinme required to
read a bit streamconstituting said interleave units (ILVU,~) froma disc,
and time t2 being a time required for the disc reproduci ng apparatus to
swtch hit screamreproduction frominterleave unit (ILW~) to interleave
unit (ILVU,~) to interleave unit(l ~+,~), and said interleave unit

conpri ses one or nore sub regions % U to which video data and nanagenent
i nfonnation (N~~) are stored, and said managenent inforniation (1\TV)
conprises end address information (ILVU EA) indicative of an end address of
the associated interleave unit (I1LVLI), and linking information (NT |ILVU
SA) indicative of a position on the disc (M of a next interleave unit
(I'LVU) to_be reproduced,_ said angle change acceptance neans_accepts an

i nstruct i B% PR&NGPHG LY HReRTF BIFE GO OR@SpECattdEn &MY present ed,
and detennines a presentatiqgn start position for the alternatively sel ected
vi deo omqﬁfaEEESB&iﬁ@ quéii%ﬂmle-specific linking information (SM. AGL

CH#~-9 DSTA) in th t inf {i d ' | e, ch

cont rol means ‘st ar 0 FRRSTRT St bl CEnEhEpetrt SRk BAHTYelS EheT
present abé&:f:\!éHﬁOAQ IOt P dRiSHdLL ned eﬁgsmg@ QR ARG Position
when an angl e change instruction 1s received. 12. reproduction nethod for

a gli sc accorgiadat 2ot Y1irhl GBS W SHERA QL' anBkheh e Ao Obj ect
i o be presented, readiing the sel’ected video object, retrieving and storing

managenmerd £ i gher Mveat ickHY) Hiomdde rnaatiyi €ROsOkjigtre is V@AY
presenting the read video object, detecting whether presentation of a video
obj ect hasimbbarnuedFie.an 2ndthe amylatiiteaveauai tinhasedI@VU nterl eave
unit end address information (ILVU EA) contai ned
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_CS_DSTA). These addresses are
expressed as the number of sectors from thé 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



in the managenment information (NV), and resum ng vi deo object presentation
froma position indicated by a linking information (NT ILVU SA) in the
stored managenent infornmation when video object presentation has been
conpleted to an interleave unit end. 13. A reproduction nethod for a disc
according to claim®6, conprising stegs of : selecting a video object to be
presented, reading the sel ected vidés! object, retrieving and storing
managenent information (NV) fromthe read video obj ect, presenting the
read vi deo 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 interl eave
uni t, contanbedArOILVVe foendjenstortést natadntiig)., aNdis ebsintdigenaHea

obj ect presentation froma position indicated by a Iinking information (NT
| LVU SA) itbhehanpékdtoabegehangdedfas npeiocklwhes vioded nle ecitlipimsehéati on
has been conpleted to an interl eave unit end. - 245 14. A reproduction
met hod f orpParépspancgoddmigst @ kcldien VD cohpY 5 ng Iterskasise ginitedatai ng
a video ob&ect to be read and presented, reading the selected video object,

retrievi ngt&nHSBPEF ARG L Fdg&Rhttq it et ROR PRTF SFvomnth&he AR dber
2 \Fdco boEatt SREL=CORLFRTES FEoh Bhd ANl PAECPPeRVE (HAChaSe o ond
e SR ERE oY S s B bBARLLER St 08 avL o=
et 20 ST BBk oRiAh 10 dief | AT LLAILITAN i,
been conpl gf&flet ad8nNchAhgkh§aus WHd t8bk buffer has been consumed.
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



accepting an instruction for selecting a video object (VOB) to be

alternatively presented, determ ning a presentation start position for the

alternatively selected video object according to the angl es-specific

linking information (SM. AGLC#1-9 DSTA) in the managenent information (NV)

when a video object change instruction is accepted, and starting

presentation of the alternatively- déRect ed vi deo Ob] ect froma determ ned

presentation starting position when an angle change instruction is
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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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SML_AGL_C#1 DSTA, SML_AGL_C#2_DSTA, and SML_AGL_C#3_DSTA
pointing to the relative address of the next angle
interleave units A-ILVUb3, A-ILVUc3, and A-ILVUd3 in VOB-B,
VOB-C, and VOB-D, respectively.
5 Note that the relative addresses are all
expressed as the number of sectors from the navigation pack
NV of the VOBU contained in each interleave unit.
Addresses are similarly written to the navigation
pack NV of the first angle interleave unit A-ILVUcl in
10 VOB-C, i.e., SML_AGL_C#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#1 _DSTA pointing to the
relative address of the same (next) angle interleave unit
A~-ILVUb2 in VOB-B, as shown by line Pclb; and
15 SML_AGL_C#3_DSTA pointing to the relative address of the
VOB-D angle interleave unit A-ILVU42 as shown by line Pcid.
As shown by lines Pc2c, Pc2b, and Pc2d, the
navigation pack NV of the next angle interleave unit
A-ILVUc2 in VOB-C likewise contains the relative addresses
20 SML_AGL_C#2_DSTA, SML_AGL_C#1_DSTA, and SML_AGL_C#3_DSTA
pointing to the next angle interleave units A-ILVUc3,
A-ILVUb3, and A-ILVUd3 in the respective video objects VOB.
Again note that the relative addresses are all

expressed as the number of sectors from the navigation pack

25 NV of the VOBU contained in each interleave unit.
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10%vE () -!kY! 109%& ( Adir2@¥WdE Qreb HIMIR ()11 OMBEEen to the navigation
pack NV of the first angle interleave unit A-ILVUdl in
VOB-D, i.e., SML _AGL C#3_DSTA pointing to the relative
address of the next angle interleave unit A-ILVUd2 in VOB-D

5 as shown by line Pdld; SML_AGL_C#1_DSTA pointing to the
relative address of the same (next) angle interleave unit
A~-ILVUb2 in VOB-B, as shown by line Pdlb; and
SML,_AGL_C#2_DSTA pointing to the relative address of VOB-C
angle interleave unit A-ILVUc2 as shown by line Pdilc.

10 As shown by lines Pd2d, Pd2b, and Pd2c, the
navigation pack NV of the next angle interleave unit
A-ILVUd2 in VOB-D likewise contains the relative addresses
SML_AGL_C#3_DSTA, SML_AGL C#1_DSTA, and SML_AGL_C#2_DSTA
pointing to the next angle interleave units A-ILVU43,

15 A-ILVUb3, and A-ILVUc3 in the respective video objects VOB.

Again note that the relative addresses are all
expressed as the number of sectors from the navigation pack
NV of the VOBU contained in each interleave unit.

In addition to the addresses SML_AGL_C#1 DSTA -

20 SML_AGL_C#9_DSTA, each navigation pack NV also contains
various parameter data as previously described with respect
to Fig. 20, and further description thereof is thus omitted
for simplicity.

This address information more specifically

25 includes in the navigation pack NV of angle interleave unit
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109S8S10%& (14988 3384{*ekRkple, the end address ILVU_EA of the angle

interleave unit A-ILVUbl to which the navigation pack NV
belongs, and the addresses SML_AGL_C#1_DSTA,
SML_AGL_C#2_DSTA, and SML_AGL C#3_DSTA of the navigation

5 packs NV of the next angle interleave units A-ILVUb2,
A-ILVUc2, A-ILVUd2 that can be reproduced. The navigation
pack NV of A-ILVUb2 contains the end address ILVU_EA of
A-ILVUb2, and the addresses SML_AGL _C#l_DSTA,
SML_AéL_C#Z_DSTA, and SML_AGL_C#3_DSTA of the navigation

10 packs NV of the next angle interleave units A-ILVUDbL3,
A-ILVUc3, A-ILVUd3 reproduced. The navigation pack NV of
A-ILVUb3, the last interleave unit in the sequence in this
example, contains the end address ILVU_EA of A-ILVUb3, and
termination information as the address of the navigation

15 pack NV of the next A-ILVU reproduced, e.g., a NULL value
or string of all 1s as the ILVU_EA.

The specifics of the address information written
to the other video objects VOB-C and VOB~D in this example
are the same.

20 By writing this address information to the
navigation packs NV of each angle interleave unit A-ILVU,
it is possible to read ahead the address of the next A-ILVU
to be reproduced in chronological sequence, and is
therefore suited to seamless reproduction. Furthermore,

25 because the address of the next A-ILVU in each of the other
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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
segquence.
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 audioc is recorded for each angle, if the audio

15 is complete within:each ILVU, or if discrete audio data is
recorded. Moreover, if identical audioc data is recorded to
each interleaved unit ILVU, the listener will not even be
able to discern that the audio track has changed if the
audio is seamlessly reproduced across angle changes.

20 A data structure enabling non-seamless
reproduction of angle changes, i.e., seamless data
reproduction permitting perceptible breaks in the content
of the reproduced information, is described below with

reference to Fig. 50.
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10! 1 Y4! 10%rd® WoBUds . 100448 ) t08ACa%E8 ¢hel'n in Fig. 49, the
10%4&' () -, &10%4& ()-*10%K ()-7L_L LaLbLgLLLMbC 10!9!'10%4& ()-Y 10%& ()-
y  10%4& ( nafvibEdIssn )paclOMV 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#1l 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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VOBUb2 similarly contains as shown by lines Pb2c¢c’ and Pb2d’
5 the relative addresses NSML_AGL_C#2_ DSTA and
NSML_AGL_C#3_DSTA of the synchronized VOBUc2 and VOBUAd2.
The navigation pack NV of video object unit VOBUDL3
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#J._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#1_DSTA and NSML_AGL C#2_DSTA
of the respectively synchronized VOBU as shown by lines
20 Pdlb’, Pdilc’, 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.
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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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Fig. 27.
5 The encoding information table contains VOB set
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data streams containing plural VOB corresponding to the
scene periods beginning and ending at the scene branching

and connecting points, and VOB data streams corresponding

to each scene. These VOB set data streams shown in Fig. 27

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 contains branching
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
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

number VOB _NO in the VOB set, the preceding VOB seamless
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10% 0& () Yo¥ndtHdn £1ag VOB Fsb, the following VOB seamless
connection flag VOB_Fsf, the multi-scene flag VOB_Fp, the
interleave flag VOB_Fi, the multi-angle flag VOB_Fm, the
multi-angle seamless switching flag VOB_FsV, the maximum

5 bit rate of the interleaved VOB ILV_BR, the number of
interleaved VOB divisions ILV_DIV, and the minimum
interleaved unit presentation time ILVU_MT.

The VOB set number VOBS_NO is a sequential number
identifying the VOB set and the position of the VOB set in

10 the reproduction sequence of the title scenario.

The VOB number VOB_NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The preceding VOB 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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scene period are seamless or not.

The maximum bit rate of the interleaved VOB
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.

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
block reproduction.

The encoding information table for each VOB
generated by the encoding system controller 200 based on
the scenario data St7 is described below referring to Fig.
28. The VOB encoding parameters described below and
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.

51 by the encoding system controller 200 for creating the
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DVD multimedia stream based on the user-defined title
content.

The encoding unit is the video object VOB, and
the data generated to encode each video object VOB is the

5 VOB data stream. For 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 mgthod as AC-3, MPEG, or linear PCM, for
example.

| The audio encoding bit rate A _BR is the bit rate

15 at which the audio signal is encoded.

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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time A STTM, the audio encode end time A_ENDTM, the audio

encode bit rate A_RATE, the audio encode method A_ENCMD,

the audio start gap A_STGAP, the audio end gap A_ENDGAP,

the preceding VOB number B_VOB_NO, and the following VOB
5 number F_VOB_NO.

The VOB number VOB_NO is a seguential 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. This is a useful 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 audio encode start time A_STTM is the start
time of audio material encoding.

The audio encode end time A _ENDTM is the end time

20 of audio material encoding.

The audio encode bit rate A RATE is the bit rate
used for audio encoding.

The audio encode method A_ENCMD identifies the
audio encoding method as AC-3, MPEG, or linear PCM, for

25 example.
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The audio start gap A_STGAP is the time offset
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 invention,
the operation described also applies to an authoring

encoder EC.
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At step #100, the user inputs the editing
commands according to the user-~defined scenario while
confirming the content of the multimedia source data
streams Sti, 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 guality, 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 coﬁmands 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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When multi-angle edit commands are used, equation
7 must be satisfied for seamless switching, and edit
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 St7.

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 Dloiatnbay wonlecetaiy WNC Laweyel scene willt any one or Lhe
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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15

20

25

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
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.

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,
and the procedure moves to step #1800 for encode parameter
production. This encode parameter production subroutine is
described below.

However, if step #900 returns YES, there is a
multi-scene connection, the procedure moves to step #1100.

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

is made between plural scenes in the multi-scene period,
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i.e., whether a multi-angle scene period is selected. If

step #1200 returns NO, i.e., no scene change is allowed in

the multi-scene period as parental lock control reproducing

only one reproduction path has been selected, the procedure
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 af 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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At step #1306 the interleave flag VOB _Fi is
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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Therefore, as shown by the flow chart in Fig. 51,
encode parameter production (step #1800) is only begun
after the editing 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 daté 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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sub-picture data is usually static, and is not normally
presented continuously. Because the present invention
relates specifically to seamless and non-seamless
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
stream needed for system stream encoding. The procedure
15 then moves to step #2100.

At step #2100 the VOB Set data stream is
completed as the encoding information table by adding the
total number of VOB Sets VOBS_NUM obtained as a result of
the loop through step #2000 to the VOB Set data stream, and

20 setting the number of titles TITLE_NO 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 (VTSTT_VOBS) (Fig. 16) is

25 accomplished in step #2200 based on the encoded video
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stream and encoded audio stream output from step #1900, and
the encode parameters in Fig. 29. The procedure then moves
to step #2300.
At step #2300 the VTS information VTSI, VTSI
5 management table VISI_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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(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.

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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parameters.
At step #1824 the audio material start time
VOB_AST of each VOB is extracted from the scenario data
5 St7, and the audio encode start time A_STTM is set as an
audio encoding parameter.
At step #1826 the audio material end time
VOB_AEND is extracted for each VOB from the scenario data
St7, and at a time not exceeding the VOB_AEND time. 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 videq 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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extracted from the scenario data St7, and the audio encode
bit rate A RATE is set as an audio encoding parameter.

At step #1836 the video material type VOB_V_KIND
5 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.
10 At step #1838 the audio coding method VOB_A_ KIND
' is extracted from the scenario data St7, and the encoding
method is set as the audio encode method A_ENCMD and set as
an audio encoding parametern
At step #1840 the initial video encode data
15 V_INTST sets the initial value of the VBV buffer to a value
less than the VBV buffer end value set by the last video
encode data V_ENDST, and defined as a video encoding
parameter.
At step #1842 the VOB number VOB _NO of the
20 preceding connection is set to the preceding VOB number
B_VOB NO based on the setting (= 1) of the preceding VOB
seamless connection flag VOB_Fsb, and set as a system
encode parameter.

At step #1844 the VOB number VOB _NO of the

25 following connection is set to the following VOB number
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5 parameters are thus generated for a multi-angle VOB Set
with non-seamless multi-angle switching control enabled.
The process for generating the encode parameters
of a seamless switching stream with multi-angle control is
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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VOB_Fi setting (= 1).
At step #1854, the minimum interleaved unit
presentation time ILVU_MT is extracted from the scenario
h] data St7.
At step #1856, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP
structure fixing flag GOP_Fxflag is set (= 1), based on the
multi-scene flag VOB_Fp setting (= 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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are set as shown: VOB _Fsb = 1 or VOB_Fsf = 1, VOB_Fp = 1,
VOB_Fi = 1, VOB_Fm = 0. The following operation produces
the encoding information tables shown in Fig. 27 and Fig.
28, and the encode parameters shown in Fig. 29.
5 At step #1870, the scenario reproduction sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS_NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.
At step #1872 the maximum bit rate ILV_BR of the
10 interleaved VOB is extracted from the scenario data St7,
and the maximum video encode bit rate 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
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.

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).

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
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

DVD formatter shown as step #2300 in Fig. 51B is describead
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If step #2316 returns NO, i.e., the information is not to
be interleaved, the procedure moves to step #2314. If step
#2316 returns YES, i.e., the information is to be
interleaved, the procedure moves to step #2318.

5 At step #2318 it is determinea 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 multi-angle ceamln~~ vitrhing ir required 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 detefmined whether all VOB
Sets declared by the VOB Set number VOBS NUM have been
processed by the formatter. If NO, control loops kack 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
#1 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 0l1b 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 #1 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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on the preceding VOB seamless connection flag VOB_Fsb

state, which is set to 1 to indicate a seamless connection.
At step #2348 the interleaved allocation flag IAF

(Fig. 16) is set to 1 in the cell playback information

5 blocks C_PBI #i containing the VOB control information for
each scene based on the multi-angle seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.

At step #2350 the location of the navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 900 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved unit
presentation time ILVU _MT information (a formatter

15 parameter obtained in step #1816, Fig. 51), the location of
the VOBU expressed as the number of sectors from the VOB
beginning, for example, is thus obtained, and the title
editing unit VOB is divided into interleave units using
VOBU units.

20 For example, if in this example the minimum
interleaved unit presentation time ILVU_MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation operation is applied to the VOB

25 constituting each multi-scene data unit.
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At step #2352 the interleave units of each VOB
obtained from step #2350 are arranged in the cell block
mode CBM sequence (cell block beginning, middle, and end
cells) written as the VOB control information for each

5 scene 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 'MAl,
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_Cl_DSTA
- NSML_AGL_C9_DSTA of the non-seamless angle information
NSML_AGLI (Fig. 20) in the navigation pack NV of each VOBU
is written at step #2358. This address is expressed as the

25 relative sector number inside the data of the interleaved
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blocks formed 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 Cl1 DSTA - NSML_AGL_C9 DSTA
of the non-seamless angle information NSML_AGLI (Fig. 20)
in the navigation pack NV of each VOBU if the VOBU being
processed 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 seamless
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 01lb 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 01lb 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 navigatiqp 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 operatiop 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 sequence (cell block beginning, 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 example, the angle data MA1l,
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 last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)

20 data obtained in step #2382.

At step #2388 the 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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The angle #i VOBU start address SML_AGL C1 DSTA -
SML,_AGL_C9_DSTA of the seamless angle information SML_AGLI
(Fig. 20) in the navigation pack NV of each VOBU is written
at step #2390. This address is expressed as the 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 Cl DSTA - SML_AGL_C9 DSTA of
the seamless angle information SML_AGLI (Fig. 20) in the
navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit 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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implemented and not multi-angle control, is described next
with reference to Fig. 59.
The parental lock subroutine described below
writes 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 #1

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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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.
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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.

15 , 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

20 #1 (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

25 functional block, is written to the cell block mode CBM
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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 (VTSTT VOBS), the video and
other stream data of the multimedia bitstream.

At step #2436 the relative sector number from the
VOBU start is written to the VOB end pack address VOBU_EA

20 (Fig. 20) in the navigation pack NV of each VOBU based on
the VOBU position information obtained in step #2434.

At step #2438 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of

25 and the end of, respectively, the VTS title VOBS
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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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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
Disk-to-stream buffer transfer flow

20 The decoding information table produced by the
decoding system controller 2300 based on the scenario
selection data St51 is described below 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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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_bhuffer.

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 audio streams in the VTS are to be reproduced.

S 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 Ste63.

The cell information register contains the

15 following sub-registers: the cell block mode CBM req, cell
block type CBT reg, seamless reproduction flag SPF_regq,
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 1is 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
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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 req
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
(VTSTT_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 (VTSTT_VOBS) measured by and expressed (stored)
15 as the number of sectors.
The decoding table shown in Fig. 63 is described
below. As shown in Fig. 63, the decoding table comprises
the following registers: 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_Cl1_DSTA_reg - NSML_AGL_C9 DSTA_req.
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the PCI packet shown in Fig. 20.
The information registers for seamless
5 multi-angle control comprise sub-registers
SML_AGL_C1_DSTA reg - SML_AGL_C9_DSTA_reg.

SML_AGL_Cl_DSTA reg - SML_AGL_C9 DSTA_reg record
the SML_AGL Cl_DSTA - SML_AGL_C9_DSTA values in the DSI
packet shown in Fig. 20.

10 The VOBU information register stores the end pack
address VOBU_EA in the DSI packet shown in Fig. 20.

The information registers for seamless
reproduction comprise the following sub-registers: an
interleaved unit flag ILVU_flag reg, Unit END flag

15 UNIT_END_ flag_reg, Interleaved Unit End Address
ILVU_EA reg, Next Interleaved Unit Start Address
NT ILVU_SA reg, the presentation start time of the first
video frame in 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 Video Frame
Presentation Termination Time) VOB_V_EPTM reg, audio
reproduction stopping time 1 VOB _A_STP_PTM1 reg, audio
reproduction stopping time 2 VOB_A STP_PTM2_ reg, audio
reproduction stopping period 1 VOB_A_GAP_LEN1_reg, and

25 audio reproduction stopping period 2 VOB_A GAP_LEN2 reg.
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5 The Unit END flag UNIT_END_flag reg stores the
value indicating whether the video object unit VOBU is the
last VOBU in the interleaved unit ILVU. Because the
interleaved unit ILVU is the data unit 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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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 procedure moves to
step #310204.
At step #310204, the volume file structure VFS
(Fig. 21) is read, and the procedure moves to step #310206.
20 At step #310206, the video manager VMG (Fig. 21)
is read and the video title set VTS to be reproduced is
extracted. The procedure then moves to step #310208.
At step #310208, the video title set menu address
information VTSM_C_ADT is extracted from the VTS

25 information VTSI, and the procedure moves to step #310210.
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VTSM_VOBS is read from the disk based on the video title
set menu address information VTSM_C_ADT, and the title
selection menu is presented.

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 VTSPGC information table

15 VTS_PGCIT, and the procedure moves to step #310216.

Reproduction of the program chain PGC then begins
at step #310216. When program chain PGC reproduction is
finished, the deceoding 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 VTS _NO _reg, PGC number VTS PGCI_NO reg, audio ID
AUDIO_ID reg, and sub-picture ID SP_ID_reg are set

5 according to the selections made by the user using the
scenario selector 2100.

| Once the PGC to be reproduced is determined, the

corresponding cell information (PGC information entries
C_PBI #j) is extracted and the cell information register is

10 defined. The sub-registers therein that are defined are
the cell block mode CBM _reg, cell block type CBT req,
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_regq.

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
. 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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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 complete 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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cell is a multi-angle cell, the procedure moves to step

#30142 where the seamless angle change flag SACF is

evaluated to determine whether seamless angle reproduction
10 is specified.

If seamless angle reproduction is specified, the
seamless multi-angle decoding process is executed in step
#30146. If seamless angle reproduction is not specified,
the non-seamless multi-angle decoding process is executed

15 in step #30148.

The non-multi-angle cell decoding process (step
#31044, Fig. 70) is described further below with reference
to Fig. 71. Note that the non-multi~-angle cell decoding
process (step #31044) comprises the steps #31050, #31052,

20 and #31054.

The first step #31050 evaluates the interleaved
allocation flag IAF_reg to determine whether the cell is in
an interleaved block. If it is, the non-multi-angle

interleaved block process is executed in step #31052.
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However, if the cell is not in an interleaved

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) 1is 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 Sté6l
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S10% & ({o %%E stream buffer 2400. The procedure then moves to

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 PTM1 reg,’
VOB_A_STP_PTM2_reg, VOB_A_GAP_LEN1l 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 reqg, 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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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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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_reg,
VOB_V_EPTM_reg, VOB_A STP PTM1_reg, VOB_A STP_PTM2_ reg,
VOB_A_GAP_LEN1 reg, and VOB_A GAP_LEN2 reg.

At step #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



$uj_@ !yL10%& ()- 10M 10M

10MB@LOVE () - x! T3@L0YBS8E () - x$1! 109%VE ()-n*$109%VE ()--edEj @ ! F! 1096& (
) - sYA0%& () -3310%& ()- 33S
10968& ()-3@L09%& ()-s 1096& ()--g~dBj @ !! YR&YAOUWF5F5& () - $109%6& () - YAMLO%
58 ()-& 10%& ()-FY

10958 ()-f%09%& ()-~' G aBj _@" ! IbgU& ()-!, 2:! 109658 ()- &&0- 1096& ()-F. 11
0968& ()-f,L! 1095& () - *10%5&' ()-' def go=gbCl *! 109%& ()- 1 %0%& ()-sL
" 109%& ()-&10%& ()- 105 105
105L9$109%& () - Zf 6dEDC! | $109& () -"109%& ()-!t109%& () -
109 ()-S@ 109 ()- ! 109%& () - 6P(gdEbC! "1/ - &LOY& () -

109 () - @109 () - *9! 109 () - (S10% () -f &10%: () - g&def goxnmbQ " ! 10%& ()

o i“ﬁ%{%%ﬁé*ﬁigéﬁ%‘%&}é e G Setdag iR brastha ()
Yoy 5410/ ??(kﬁe;&.%*?%ﬁ‘&%‘&«b%%&% R P ose E%hu%ﬂf%%fe% S8 (-1

%L 0%h&: %
Rerit ()&%tg%&}% 3°/ %glg‘?/eﬁﬁ?)l() O RSYRG P RV S - 333 % 100 () -1 TEx* 8109 { & ()

(( 10%&' () -f @BLOYfolther ' tEd Q& e(&cd:mpllshlng the
"@ 1 F10% ()-s10% ()- L10% (). 10

10§ 3- &10Wﬂoﬁ}mhu3—&ha‘1’& Eellekidcod@nd Sp\ﬁdwé?s(bst@ﬁ/&;@m@ SFig.

"109&' ()-9%0%& ()-s&F10%& ()- " Fy 10%& ()-h@B~_@ !2

109 () - SROP108REEFcEibeBOURLIOW with reference to Fig. 74.

I PS&AA 0% () - $10%&R' () -#s10%&' () - @b@ " !'!'] %0%h& ()-fL1O% ()- 10 10

107s10%&' () -5 10%&Ab) S3eR0%R (08¢ the @Al mFenes®8300¥%- s 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_PTM1 reg, VOB_A_STP_PTM2 reg, VOB A GAP _LEN1_reg,
and VOB_A GAP_LEN2 regq.

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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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
5 #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

10 - 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_LEﬁ 1_req,
and VOB_A GAP_LEN2 regq.

At step #31092 the data from the first cell VOBU

15 start address C_FVOBU SA reg to the ILVU end pack address
ILVU_EA_ regq, 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

20 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

25 the scenario selector 2100 (Fig. 26).
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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_reg is the

address of the angle to which the ANGLE NO_reg was updated

10 in step #31093.

It is thus possible to transfer the data for the

angle selected by the user to the stream buffer 2400 in

ILVU units.

The non-seamless multi-angle decoding process is

15 executed in step #30148, Fig. 70, is described below

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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procedure moves to step #31102. The registers set in the
decoding table are the VOBU_EA_ reg, NSML AGL_Cl DSTA req,
NSML_AGL_ C9_DSTA reg, VOB_V_SPTM reg, VOB_V_EPTM req,
5 VOB A STP_PTM1_reg, VOB A_STP_PTM2 reg, VOB_A GAP LEN1 reg,
and VOB_A_GAP_LEN2 regq.

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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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
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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
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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 St2452 (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 reqg, 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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buffer 2499. However, in the case that the signal
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 Sté62
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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It is to be noted that the apparatus and method
substantially the same 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_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 #31116.

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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At step #31120 it is determined whether a
seamless connection is specified between the current cell
and the preceding cell. If a seamless connection, the
procedure moves to étep #31122, if not, the procedure moves

S to step #31124.

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 1length, 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 presentation.

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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to another system stream according to a user selection even
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 cairying 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.

10
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: CLAIMS:

1. A bit stream generating method for generating a bit stream stored to a disc
reproduced by a disc reproducing apparatus,

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

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 reading 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 (ILVUj;,))) when each of selected m video objects

(VOB) is segmented into v interleave units (ILVU; ) interleaved in a sequence

ILVU,.ILVU,, .... ILVU 1, ILVU,, ..

ILVU,,.JLVU,, .... ILVU, 0. JLVU,, ..

ILVU,1-ILVUy gy ooe ILVU gty 1L VU -

ILVU,,.ILVU,, .... ILVU . ILVU,, -
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where i 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 interleave unit (ILVU) and ranges from
ltovw,

obtaining a data quantity d1 stored to the track buffer at a differential rate Vr - Vo

during a time t1,

said time t1 being a period during which a bit stream constituting said interleave unit

(ILVU,J) 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;)ntains compressed image .data, and

the step for selecting 'é video object (VOB) selects m video objects (VOB) having
.the same presentation timc;.- 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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4. An optical disc (M) for storing a bit stream reproduced by a disc reproducing
apparatus, said bit stream comprising a plurality of video objects (VOB) of which one
is altermatively reproduced from among m video objects (VOB), wherein

said disc comprises a video object storage area and a management information
storage 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 i 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 interlea.we unit (ILVU) and ranges from
1to v, and |

said interleave units (ILVU;) are arranged in a sequence ILVU,,.ILVU,, .... ILVU,.
me-ILVU, ..

ILVU,,.ILVU,, ... ILVU,.1- ILVU,,

ILVU, .1+ ILVUyy oo ILVU ety ILVUpy-

ILVU,,.JLVU,, .... ILVU .. ILVU_.
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manner that a disc reproducing apparatus is supplied with data sufficient to sustain

presentation for a time t3,
where time t3 is a sum of time t1 and a time 12,
time t1 being a time required to read a bit stream constituting said
interleave units (ILVU,) from a disc, and time {2 being a time required for the disc
reproducing apparatus to switch bit stream reproduction from interleave unit (ILVU,)
to interleave unit (ILVU;) 1o 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.c 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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alternatively reproduced from among m video objects (VOB);

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 t] exceeds a data quantity d2 transferred at supply rate Vo from the
track buffer to the decoder during a time t2,

said time t1 being a period during which a bit stream constituting said interleave unit
(ILVUy) 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 an interleave unit (ILVU.j,).
6. A disc (M) according to claim 4, wherein the end position information of an
interleave unit comprises in the ménagement information of a sub region,

end address information (VOBU_EA) of the associated sub region, and

a flag (UNIT_END _f{lag) indicating whether the’ interleave 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 f{lag) 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 (ILVU) to be reproduced, and
angle-specific linking  information
(SML_AGL_C#1-9_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 appa}atus (DCD) comprising a means for reading presentation
'sequence information, group 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 alternatively 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 video 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 'sfored
management information (NV). | |
10. A disc reproducing apparatus (DCD) according to claim 9, further comﬁrising
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

information indicative of the video object (VOB) presentation sequence, and
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10@10%&15% {ro ‘%Ilﬁ‘dxfc)atxvg%?((qﬂa%v@eo object (VOB) and what other altermatively
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 i is a sequential value indicative of a video object (VOB) and ranges from 1
o m, and j is a sequential value indicative of an interleave unit (ILVU) and ranges from
1 to v, and
said interleave units (ILVU;) are arranged in a sequence

ILVU,,..ILVU,, .... ILVU,, . ILVU,, ..

ILVU,,.JLVU,, ... ILVU,,, ;. ILVU,,

ILVU, (.0 ILVUyyy e ILVU g pyery- ILVU -
ILVU,.. ILVU,, .... ILVU,,,.- ILVU,,.
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,
time 11 being a time required to read a bit stream constituting said
interleave units (ILVU,) from a disc, and time 12 being a time required for the

disc reproducing apparatus to switch bit stream
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interleave unit{(ILVU,,), 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,
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
a flag (UNIT _END _{flag) iﬁdicating whether the interleave unit terminates in the
associated sub region;
wherein the interleave unit end detection means 'détects whether prescmation'of a
video object (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_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 presentation sequence information, group

information, and a video object (VOB) from a disc (M), said disc (M) comprising
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said video object (VOB) sforage 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 (JLVU)),
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 interleave unit (ILVU) and ranges from
1tov, and
said interleave units (ILVU;) are arranged in a sequeﬁce
ILVU; ;. ILVUy; ... ILVUqpe1y JLVUp, .

ILVU,,..ILVU,, ... ILVU,, ;- ILVU,,

ILVUl(‘..l)... ILVUz.1) - .. ILVUgnyw-1)-- ILVUmgeen)..
ILVU,,..ILVU,, .... ILVU .- ILVU,,.
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 t1 and a time t2,
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a next interleave unit (ILVU) to be reproduced,
said angle change acceptance means accepts an instruction changing a video object
(VOB) to 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 presentation of the specified alternatively
presentable video object from a determined presentati.on 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 1o 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.



