;e3eX 4 45 TD G PX 6X TX "p METHOD AND DEVI CE FOR RECORDI NG AND
REPRODUCI NG | NTERLEAVED BI TSTREAM ON AND FROM MEDI UM Technical Field $ The
present invention relates to a nethod and apparatus for interleaving a

bitstreamfor use in an authoring systemfor variously pr ' WNE dat a
bitstream conprising the video data, audio data, and s“ﬁ \ ta

constituting each of plural programti-tles containing 1 \ a%gd vi deo
data, audi o data, and sub-picture data content to generate 3BTt st ream from

which a newtitle containing the content desired by the

reproduced, and efficiently recording and reproducing sﬁ%@ﬂﬂ“ﬁﬂm@%
bitstreamusing a particular recording nmedium 15 Backg r ut horing
systems used to produce programtitles conprising related vi't®¥"data, audio
data, and sub-picture data by digi tpadoriEmeAssi ng, 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 particular are able to record video data to a CD format di sk, which was
originally MEPHOD AND DEVICE FOR RECORDING AND REPRODUCING INTERLEAVED

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 bitstreanm
comprising the video data, audio data, and sub-picture data
constituting each of plural program titles containing

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

generated bitstream using a particular recording medium.

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

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



designed with an approxi mately 600 MB recordi ng capacity for storing
digital audio data only, by using such high efficiency video conpression
techniques as MPEG As a result of the increased effective recording
capacity achieved using 5 data conpression techni ques, karaoke titles and
ot her conventional |aser disk applications are gradually being transferred
to the video CD format. Users today 2xpect 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 than the data size of |less conplex titles. The need 15 to edit

smal | i mageediigries) wisthnialrs apipgoximeds liyt 606 55 arecdrel ipg cegm ity oo r ol
the bitstreamusing | ow order hierarchical data units. It is therefore
necessary tstadse oplimitak ovaudioi tdak@aneBlYuct bve #sdngn sdhwincduigh

di gital processing nethod 20 including both recordi ng and reproduction

capabi | i t i @fficransy ¥ 5wml%rcsicaméquéfe|asw8£&rc gA il
bi t stream can e ef ficient contr,oll ed at each | evel . hi erarch
Al so neede®latdet &eéa%é fEeC s dEcy i cmp@qlaﬁy NethdSiidhod,

A at s e T s Y ¢ et cn idudhg FEPHRREY 53t L}%&%ﬁm rsZ:""d"
recorded I nfQrmatd Q6 LAN, Qe Qui ﬂ-.lx rg,gﬂg}s@@%rhavm Oc%réﬁ%é?y resea ed

storage capacity o convent|on opt i e bee

to 5 address J{urd A0 RHAHE A iR ESES CEophathi s problem One way to
i ncrease the storage capacity of the optical disk is to reduce the spot

diameter D of the optieas &é@@%rawadﬁh tdephiamel cngéd it tdedritsdit beam
is 1 and the aperture of th jective lens is NA then the spot dianeter D
is 10 propard dnigh tioedd dductaben t dpea ity ageToapaettt heme lwocpafdtadiiond y

i nproved by decreasing 1 and increasing NA. As described, for exanple, in
Unitked St atessctPattifttls, 235'5‘681behommnpsedorrﬁr@mus@d-twr@m atiikh t idn

bet ween the di sk surface and the optical axis of the |aser beam 15

(her eaf t er InGUeasingky «3RR Wﬁch‘bﬁa@é gbEREtRES:hi Jhen@rbaesiges qfsed.

To prevent tilt:-induced,c trans, nf, substrate nmyst be nade ver
TP ok AN L | P E e R ki han avgc?set?ﬁ@?lﬁewstnavaf‘gk aueh Sesihen

the transparent_s bstr te | S thin E t he conventl onal_ et hod
recor di ﬁb"%’f‘ﬁ#&)‘?%ﬁum gu tr“H')e/ a&?we,v arfdGé'rsakan C sfnénalf1 5t tlr%%s

aI so been r cgaﬁsé %ggj] an t

| arge data Vo urres %%/aﬁ F%‘:’gﬁ{ea?ca[r ate. Ic%\éogh %n&; ot edﬁbhat th-ﬁ?gl%-{&_(d

conpy essi on:dred dioel g«@&lﬂaiﬁacﬁar (BiteE)t hetdd 1MPEGE oS i d Wi &ds spmpwhat

fromthose of MPEGL. The -4 specific content of and differences between
MPEGL and MREGhmseestescndedtdritts) aithe n ditest S 1 WRimpd 180 138ds MPEG
standards, and further description thereof is omtted bel ow. Note, however,
t hat whi | e Himratchiccal edatatmeitsencoded video streamis defined in the
MPERX2 specification, the hierarchical structure of the system stream and

t he met hod of pr oces%tn@,sl o‘*&kﬁrﬁkﬁ@%reﬁﬁéaﬁarwéﬂ% Cbﬁi‘éel@@ dofli papve /B

descri bed above, it is therefore not pgossible in a conventional

aut hori ng s]?/%‘%%?ﬁ?%m pitocestiaze Iad’rdgéndéfl&aﬁ‘f:feéaﬁlr?-%bﬁ?él PF Pgesaing drefhod

i nformation, to tlsfy y different user i t.s l\/breover EVEen, if
suc 6 a pr oc’e‘%%Jr‘ﬁ IRgt h]8 r E25F5ALEE) eanfihe %tp Yt £IRRT HEGEes

thereto ca r p I t r Lg‘]%l’&,%/ %F“ b ZJE@
there is no arge c%pg%%%g/ yggg{rﬁ m%uﬁrfgg%g% g%rr\%eln?ﬁy aval cﬁi can
ef ficientl yy{eserdaRnCar Gk QEELC e 9E1 Y 0L &BrBL 1 88 88NMBasHC e 881 dSBCERLE
above. More specifically, particular significant hardware and software

requi rerrentmérrlafcbﬁ saphilsbi AdetiBdORER! alnd apaAYaNAS SEdr hbtsd ity UshDg a
data unit smaller than the title. These specific hardware requirenents

i ncl ude si ghiditabtpyotess egingtidde, Hrol ageecapading mediaheor enacHi tiye
medi um and i ncreasing the speed of digital processing; software

req’ renentsitstrear idigitahly arpmebessed! dywi s@idr eppegiatgs can be



25 net hod including a sophisticated data structure. -5 Therefore, the

obj ect of the present invention is to provide an effective authoring system
for controlling a nmultinmedia data bitstream wi th advanced hardware and
software requirenments using a data unit smaller than the title to 5 better
address advanced user requirenents. To share data between plural titles and
thereby efficiently utilize opticar'%rsk capacity, nulti-scene control

wher eby scene data common to plural titles and the desired scenes on the
same time-base fromw thin nulti-scene 10 periods containing plural scenes
uni que to particular reproduction paths can be freely selected and
reproduced i s desirable. However, when plural scenes unique to a
reproduction path within the nulti-scene period are arranged on the sanme 15
ti me- base, efiffdcientdwaesondsd fercohrrggeusndUiisen dé beh red id remmsiatht a
is therefore unavoi dably inserted between the sel ected common scene data
and the seliadicamahian -Gdeke EREEKIher PRI eARRhi s creat es when

reproduci ng nmufti-scene data_is.that reproduction %s i nt errupted ?% this
unsel ect ed 20 scene ®3%S TRE obpEreas: hel%Teeseﬁ OFAdent FR L therdf ore

to provide a _data .structure.enablj.ng discret ene, be_seani essly
reproduced,coln.vee.n,atjvﬁr{#bu?pﬁﬁ$% mee ceﬁ?‘r’]gt %gzg‘aﬁgl‘%%ekgﬁﬁagﬁ, eglg'?f’ when
reprpoduci n i = : @ d ! a

[ePTPAUCT ALY pR8608170 BtinagBLidototngEnBEabLE. 2 GHSLAY
reproduct i @i apaFed s £RE E86PRGENGaRA IRSPTHUCHAJopRiBaTY SligR Sid %&1
and a nediumto which said system stream can be reproduced and from wni ch

sai d syst eReHyRABHERA LI IEHRskee byr sehd bpteeandi(NasarRPan4s ante
reproducti on apparatus. A further problem can be expected when the

mul ti scene that araivelaridth afgkhestaserdbtam isel, and etice dRper SOV G the
substantially the sane subject fromdifferent angles. In the case of a live
sports broaidgesttivehi slemstiiangNa, 10 theanme e a sp9tbeddbmeitesd By is
recording a baseball batter, for exanple, with caneras in different

| ocHli ons. PARPQIENNER | £a hdd NAhat afenthfie B5RFaZR| cRBABHEY Of CaMeke

pl ural angl e scenes durjng dat ae@;e entation ?ata fromdifferent angles is

connect ed Vi EXFE Bhgt N2igse FOF eAS 5N at uPBR, 185XRRSIDINesent at i on
t b ted. Jh f h Dj th te i ti is t
Srovide o data struchiraSTnEragd. nsPhy EremBle S0 RTINS, dRAd Hhidnd ©
q ; ruct . . .
scene datad M Mdd] NMolaPeD® B6RLCKALRELLY o SHERIULL! ¥ANE HAGRIG

i -
periods; a genefating a system'stream having said

structure; ad egosli NG ARRA ahHE AHE AcpeREATUG: N BRPAKM USabal Nseay di ng
and reproduci ng said systemstream and a nmediumto which sal 8 system
stremm can @erepidied it fy GRoELdes aithrs S LRB G rA5eh B@re ben 1§ Nedyced
by said recordi ng apparatus 25 and reproduction apparat us. he present
appl i cat i orlarss hizs etsathon Tia paesen tPatidit- iAphldexhtdamm Noche -2A5sh ravit ch
was filed on Septenber 29, 1995, the entire contents of which are expressly
i ncor por at érhstraieregse her spde yemys@hodur e Bire| Byebileon ien thaterthe
achi eve the aforenmenti oned objective, an interleaving nethod for generating
a bitstreaf¥SRARIFU FEVRRIEN 0Bf ebRe dofKartSi AGYec FGTe LR RARIPIERRE by
arranging in tq_teféagg esentation order, wherein interleaved data bl ocks in 10
whi ch pl ur &RA Dbt YR HBnt i guousl y arrayed using interleaved units
each~l onger than th te re i | IMIT t i;deq obj ect
pr eg%nt ation start gﬁgggéd ?ol}ent gggpgggﬁpé¥gd,m§ﬁ%g?aﬁa€) %g?ﬁég%nghegﬁg

present ati Qi bl SRS g W £890 0P 88 S, Wahl HREpRNET a3t T GRAN At pD {88 and

vi deo
been replaced by the more robust MPEG2 method, which can
transfer large data volumes at a higher rate. It should be

noted that the compression method and data format of the

25 MPEG2 standard differ somewhat from those of MPEG1. The



15 objects other than those with the shortest presentation time is within a
range obtained fromthe shortest read tinme | LVUMI, the maxi num junpabl e
di stance JM and the smallest control unit VOBU, and contiguous data bl ocks
wherein the presentation start points and end points of the video objects
arrayed 20 therein are not aligned. _g_ Brief Description of Draw ngs
Fig. 1 is a graph schematically showng a structure of nmulti media bit
stream according to the present invention, 5 Fig. 2 is a block diagram
showi ng an authoring encoder according to the present invention, Fig. 3 is
a bl ock diagram showi ng an aut hori ng decoder according to the present
i nvention, Fig. 4 is a side view of an optical disk storing 10 the nmulti
nmedia bit streamof Fig. 1, Fig. 5 is an enlarged view showi ng a portion
confined bgpedifid exftdrity.ofl,arnd gliffesencesnbatyednv MPEGIh@ud IREG2
portion confined by a circle of Fig. 5 15 Fig. 7 is a side view showi ng a
vari ati on eftet desoptiled i dettdliFiyn dhe FE§O-81l132aapdda SOrdd 8lifoMERE
anot her variation of the optical disk of Fig. 4, Fig. 9 is a plan view
showi ng oné&tangdagds g furiher descrdna®o it here e dst dMigtad hedowf t he
optical disk of Fig. 4, -9 ,
Note, however, that while the structure of the
5 encoded video stream is defined in the MPEG2 specificatioen,
the hierarchical structure of the system stream and the
method of processing 1lower hierarchical 1levels are not
defined.
As described above, it is therefore not possible in
10 a conventional authoring system to process a large data
stream containing sufficient information to satisfy many
different user requirements. Moreover, even if such a
processing method were available, the processed data recorded
thereto cannot be repeatedly used to reduce data redundancy
15 because there is no large capacity recording medium currently
available that can efficiently record and reproduce high
volume bitstreams such as described above.
More specifically, particular significant hardware
and software requirements must be satisfied in order to
20 process a bitstream using a data unit smaller than the title.
These specific hardware requirements include significantly
increasing the storage capacity of the recording medium and
increasing the speed of digital processing; software

requirements include inventing an advanced digital processing

25 method including a sophisticated data structure.



Fig. 10 is a plan view showi ng anot her exanple of track path formed on the
recordi ng surface of the optical disk of Fig. 4, Fig. 11 is a diagonal
schematically showing 5 one exanple of a track path pattern forned on the
optical disk of Fig. 7, Fig. 12 is a plan view show ng anot her exanple

track path
10 Fig. 13

formed on the recording surface of the optical disk of Fig.
is a diagonal view schemabi-cally show ng one exanple of a tr

path pattern forned on the optical disk of Fig. 8 Fig. 14 is a plan vi
showi ng anot her exanple of track path forned on the recording surface of

15 disk of Fig . 8 , Fig. 15 is a graph show ng the audi o waves
resulting fromthe audio data recorded to the nmulti-angle data within
mul ti-angle scene period, Fig. 16 is a graph schematically showi ng the 20
structure of multinetherkfbretr ¢ha farjeste ofi Bhei palesdinted Mrexkt syrst b
according to the present invention, Fig. 17 is a graph schematically

showi ng t heceerpodeildei doo efifresdrie cotthonging sHetpmefom conrelbing Fag.
18 is a graph schematically showing an 25 internal structure of a video

zone of Fi guulsinedia dpta dpitpryeamy witdpRdyeRses: hagPerensningef Heare

the opti cal

10

15

20

25

requirements using a data unit smaller than the title to
better address advanced user requirements.

To share data between plural titles and thereby
efficiently utilize optical disk capacity, multi-scene
control whereby scene data common to plural titles and the
desired scenes on the same time-base from within multi-scene
periods containing plural scenes unique to particular
reproduction paths can be freely selected and reproduced is
desirable.

However, when plural scenes unique to a reproduction
path within the multi-scene period are arranged on the same
time-base, the scene data must be contigquous. 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
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

data; a method for generating a system stream having said

Vi ew

of
7,
ack
ew



stream managenent information according to the present invention, Fig.
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

par ent al

| ock pl ayback control according to the present invention, Fig.

20

22

I's a graph schematically showing the data 10 structure used in a digital

vi deo di sk system according to the-gresent invention,

assi stance of explaining a concept of Multi-angle scene control accordi
to the present invention, 15 Fig. 24 is a graph in assistance of explai
a concept of nufti scene data connection, Fig. 25 is a bl ock diagram

showi ng a DVD encoder according to the present invention, Fig. 26 is a
bl ock di agram showi ng a DVD decoder 20 according to the present inventi
Fig. 27 isaatgr aptrsctenat i aaltecahbindgg appasradod ngnidnfar rebroductiilon
generated by the encoding systemcontroller of Fig. 25, Fig. 28 is a graph
schemat i cahppashdnisng con r@scenddodi rnd feprmeducing aphdd, systen Etgea?2q
graph schematically showi ng an encodi ng paraneters used by the video

encoder of apfga 2@diuny. txowhich graghsyshematStegay SaABwPRgraproduced

10

15

20

25

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

and reproduction apparatus.

Fig. 23 is a graph in

ng
ni ng

on,

is a



exanple of the contents of the programchain information 5 according to the
present invention, Fig. 31 is a graph schematically show ng anot her exanpl e
of the contents of the programchain information according to the present
invention, Fig. 32 is a graph schematically showing a 10 rel ationship
between the accunul ated data quantity,in the streambuffer and the
operating node of the reading head of"Fig. 26, Fig. 33 is a graph in

assi stance of explaining a concept of sharing data between plural titles,
15 Fig. 34 is a graph in assistance of explaining a concept of contiguous
reproducti on of non-contiguously arranged data block, Fig. 35 is a graph in
assi stance of explaining a concept of interleaving process enabl i ng

seanl ess 20 reproductjon of scenes ssistance

Fi.g. % S a_gr so in
of expl ai ni ng a concept® oPHSREY eé??hgcﬁ &86%&%@&?%%‘8 DPgR cdapanese
ot o s SAsdng Sl fon 30 L9 2 AN SN LRRAr Y BB BOoROnES

actual arr genen s recorded to dat a - recordl ng frack

on a recordighg ned4im ageor difgi o tESnPEREEN fnvﬁﬁibﬁn,afég eﬁgrhﬁsgyock

graph schenatlc 1"y 'showi ng contiguous bl ock regions and interleaved
regions incorporated by reference herein.
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.



5 array, Fig. 39 is a graph schematically showing 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*gchenatically showi ng the data
structure of the interleaved unit, Fig. 43 is a graph in assistance of
expl ai ning a concept of parental control according to the present

invention, 20 Fig. 44 is a graph in assistance of explaining a concept of
mul ti-angle scene control according to the present in invention, Fig. 45 1is
a graph in assistance of explaining the nulti-angle scene control when two
mul ti - angl B taf aD@Schaptagndoff Bremtingedi o dat a, -13 Fig. 46 is a graph
schematically showi ng plural angle data witten to nulti-angle scene period
according to the preBédt Ln¥&nti onarhi gchematsicaldyaEhationd my t he stream

containing 5 a nulti-angle scene_gerLod and the basics of the on-disk
structure of multl medi e

bit stream according to th
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. 4,
Fig. 6 is an enlarged view showing a portion
confined by a circle of Fig. 5,
15 Fig. 7 is a side view showing a variation of the
optical disk of Fig. 4,
Fig. 8 is a side view showing 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,



| ayout according to the present invention, Fig. 48 is a graph show ng an
exanple in which the |last pack address in the current A-ILVU and the
address of the next A-1LVU are recorded for plural angles according 10 to
t he present invention, Figs. 49 and 50 are graphs in assistance of
expl ai ning the nethod of nmanagi ng addresses on the switching unit |evel
between nultiple angle data in multigangle scene periods according to the
present 15 invention, Fig. 51 is a flow chart, formed by Figs. 51A and 51B,
showi ng an operation of the DVD encoder of Fig. 25, Fig. 52 is a flow chart
show ng detail ed of the encode paraneter production sub-routine of Fig. 51,
20 Fig. 53 is a flow chart showi ng the detailed of the VOB data setting
routine of Fig. 52, Fig. 54 is a flow chart show ng the encode paraneters

generating operatio;%{ r fOSFQ“Q Pas W %ﬁigﬂowfh :aﬁ%ﬁh%raéga 1Ny

show ng the encode araneters generating operation for a System stream

-14 Fig. 58, VV%%FH I tdQReREt BE of
Fig. 26, Fi@g.a%géa!ﬁa ovédcﬁég?ﬁ%ové% etg;i | s of ttahe m?f(?l Sgﬁgggi
non- seanl egg s}MJfCIHiREl eontrol routine of Fig. 5 56, Fig. 58 is a flow
chart showi ng details of the

Fig. 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.



mul ti-angl e seanm ess switching control routine of Fig. 56, Fig. 59 is a
flow chart showi ng details of the parental |ock sub-routine of Fig. 56, 10
Fig. 60 is a flow chart showi ng details of the single scene subroutine of
Fig. 56, Fig. 61 is a flow chart showi ng the encode paraneters generating
operation for a system streamcontaining a single scene, 15 Figs. 62 and 63
are graphs show ng decodi ng infornatz&n tabl e produced by the decoding
systemcontroller of Fig. 26, Fig. 64°is a flow chart showi ng details of
reproduction extracted PGC routing of Fig. 69, 20 Fig. 65 is a flow chart
showi ng details of non-seanl ess nulti-angle. decodi ng process of Fig. 70,
Fig. 66 is a block diagramshow ng details of the stream buffer of Fig. 26,
-15 Fig. 67 is a flow chart show ng details of decoding data process of

Fig. 64, performed by the strean1buff |s sho is a flow chart
showi ng details of t %S dex §¥ﬁ5ﬁ} ?ﬁ{%e§§°8+nﬁ| heg7  Fig.

69 is a flom%chart show % erati.on of the DVD .decqder DCD of Fig. 26,
Fig. 70 is 2-FF8W Fﬁ&faggﬁ%\ﬁ gm%p&rﬁﬁ cor(%meqarﬁcbcﬁfeer PREFE"Fr ansfer
process accgﬁgggglgglthe 10 present |nvent|on,

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

Fig. 21 is a graph is assistance of explaining a
concept of parental lock playback control according to the
present invention,

Fig. 22 is a graph schematically-showing the data

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

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

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

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

Fig. 26 is a block diagram showing a DVD decoder

20 according to the present invention,

Fig. 27 is a graph schematically showing an
encoding information table generated by the encoding system
controller of Fig. 25,

Fig. 28 is a graph schematically showing an

25 encoding information tables,



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

mul ti-angl e decodi ng process of Fig. 70, Figs. 76 and 77 are graphs in
assi stance of explaining the switching between scene angles within a

mul ti-angle scene period, Fig. 78 is a graph in assistance of explaining a
25 method for achieving the data structure shown in Fig. 46, - 16 Fig. 79
is a graph in assistance of explaining a nmethod for actually setting the

audi o data presentatdop tidres. o sw.rehing_unit level to
t he sane val ue in<ﬁ¢%iaé% §%d¥é%¥ﬁ%§g?%$§$%nggi?¥ ﬁhégg%ﬁ Fﬁ assi st ance
of expl ai nj R-YeTol 3&_‘%@3 i Waddn Sd €t i chgcommon
audi o datab?goapﬁtt S&Fb eag% |ffe}§ﬁt1§%gle accor%ﬁé%%t%???geprggént
invention. Best Mderfpr f@Rriyidykddh toendnaenta iy 18nhdengr gnent

invention is detailedly described with reference to the acconpanyi ng
drawi ngs. example of the contents of the program chain information

5 according to the present invention,

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

Fig. 32 is a graph schematically showing a

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

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

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

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

20 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



Data structure of the authoring system The | ogic structure of the

mul timedi a data bitstream processed using the recordi ng apparatus, 15
recordi ng medi um reproduction apparatus, and authoring system according to
the present invention is described first belowwth reference to Fig. 1. In
this structure, one title refers to the conbination of video and audi o data
expressing program 20 content recogni zgd by a user for education,

entertai nment, or other purpose. 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 A video title set (VIS) conprises the
bitstream data containing the information for a specific nunber of titles.
More specifically, each VTS conprises the video, audio, and ot her

reproduct i on,data g apr e3aRk Be bNeLUHAMNy i BRELdbtd £ndgNebhenset, and

control data tfor controlling the content data. The video zonhe VZ 1s the

vi deo dat a UBEESQhQCQQQQQthnLhe aut horing system and conprises a specific
nunber of video title sets. More specifically, each video 10 zone is a

| i near sequence of K Fiyvixedsd id lgrapsh sschemet bealI$ SRowiddS #K where K
is an integer value of zero or greater. One video title set, preferably the
first video tontdgmeusVbIortk riegiosed axsl timd arildsvedinabeck desgiohing t he
content information of the titles contained 15 in each video title set. The
mul ti #edi a bargeYeam MBS is the | argest

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

Fig. 40 is a graph schematically showing an

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

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

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

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

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

Fig. 45 is a graph in assistance of explaining
the multi-angle scene control when two multi-angle data

25 having different audio data,



control unit of the nultinedia data bitstream handl ed by the authoring
system of the present invention, and conprises plural video zones VZ. 20
Aut horing encoder EC A preferred enbodi nent of the authoring encoder EC
according to the present invention for generating a new nultinmedi a
bitstream MBS by re-encoding the original nultinedia bitstream MBS
according to the scenario desired 2%3hy the user is shown in Fig. 2. Note
that the original -18 nmultinedia bitstream MBS conprises a video stream
Stl containing the video information, a sub-picture stream St3 cont ai ni ng
caption text and other~auxiliary video information, and the audi o stream
St5 containing the audio 5 information. The video and audi o streans are the
bitstreanms containing the video and audi o i nformati on obtained fromthe

source within a partgyl ajg pﬂié)ggflipﬁié&eﬁx?iéa?l?i Eh%&n@l F’?,-%a@ails a

bi t stream cont ai ni ng mentary 10 vi'deo information”rel evan

particul ar a5geae gathe wilthinC tdy eudatio-plifdatbdie apskNehease8paifgy the
captured to video nenory and di spl ayed continuously fromthe video nenory
for plural theepeesahtdnviemviessssary. Wen this nultinedi a source data
Stl, St3, and 15 St5 is obtained froma |live broadcast, the video and audio
signal s are suppliefFigq realis iarsyfapm shoviey theesireamothertaimgiong
source; when the nmultimedia source data is reproduced froma video tape or
ot h8r recoadingdtizgingde seensuderind andidhsikpias ap€ Bbe poafiskne
signals. 20 Wiile the nmultinmedia source streamis, showmn in Fig. 2 as

conpri si ngleHesE AgCoFdng & Shparesant streeRloronveni ence only, and it

shoul d be noted that_the nultinedi a source stream nmay cqQntain mqre than
three types of source-%i dgihlss %n‘iir?é& LAV LF §8u?§ém831ealf’orwh2§hdi fferent

titles. NU%EE”E%E%.%g&&F%d%¥é%§Mfg1éﬁghéhrrent A-ILVU and the address

of the next A-ILVU are recorded for plural angles according
10 to the present invention,

Figs. 49 and 50 are graphs in assistance of
explaining the method of managing addresses on the
switching unit level between multiple angle data in
multi~angle scene periods according to the present

15 invention,

Fig. 51 is a flow chart, formed by Figs. 51A and
51B, showing an operation of the DVD encoder of Fig. 25,

Fig. 52 is a flow chart showing detailed of the
encode parameter production sub-routine of Fig. 51,

20 Fig. 53 is a flow chart showing the detailed of
the VOB data setting routine of Fig. 52,

Fig. 54 is a flow chart showing the encode
parameters generating operation for a seamless switching,

Fig. 55 is a flow chart showing the encode

25 parameters generating operation for a system stream,



-19 video, and sub-picture data for plural titles are referred to bel ow as
mufti-title streans. As shown in Fig. 2, the authoring encoder EC conprises
a scenario editor 100, encoding systemcontroller 5 200, video encoder 300,
vi deo stream buffer 400, sub-picture encoder 500, sub-picture stream buffer
600, audi o encoder 700, audi o stream buffer 800, system encoder 900, video
zone formatter 1300, recorder 120041gmd recording nediumM 10 The vi deo
zone formatter 1300 conprises video object (VOB) buffer 1000, formatter
1100, and volune and file structure formatter 1400. The bitstream encoded
by the authoring encoder EC of the present enbodi nent is recorded by way of
exanple 15 only to an optical disk. The scenario editor 100 of the

aut horing encoder EC outputs the scenario data, i.e., the user-defined
editing instructions,., Th cenari t t . edi 1ing Qrrespondi ng
parts of the nulti mi’ 1% g-’lstssl’tsr 2aa Clggc%l?%l‘?#ggt%h hg%%%gﬁ;gn I

mani pul at i o] h I , oFUl~Ri chire, and audi o conponents of the
original ngﬂ?i%g i§n¥kgﬁg.o$h?gagcenério editor 100 preferably conprises a
di spl ay, speaker(s) rieyBoarid LAY owch&HOHT SRR hgaaebHiA8r orThEeSCENari o
editor 100 is connected to an -20 external nultinedia bitstream source

f rom whi chptihe i Fdhyleedoa-sedmlesdatsa ifich iy Jomnrb Stoat tnsupp! Feg. The
user is thus able to reproduce the video and audi o conponents of the

mul 6i medi aséource data using the 5 display and speaker to confirmthe
content of the generated title. The user is then able to edit the title
content according t diche Sfesis & Slewhaharusshgving Reypsdsdofntdse, and

ot her conmmand i nput devices while confirmng the content of the title on
the di spl ajuadsd-3pgare £§amtRss) FWIESNINGHICIH RO TP b aCfaF4g- 56,

mani pul ation is the scenario data St7. The scenario g?%gﬂit&? i s basically a

set of instructions fd&cr%iiy nEOE FThIET (3RQW18Ts Plo 1 or a
subset of the source data containin titles 15 within a defined tine
peri od, anHaﬁ'Sﬁ'/%FIJre‘igé:%egtu%cTr&ﬁrl@éagc?gflt al‘kr]?i réeéa’sserrbl ed to reproduce the

sc rio (sequence) dsnje L by, t S t L r UGt i

r e?@?ved t hrough t hgll%fa'y%g% oar ot vgraé%ﬁ??%ﬁgggg?cg,gtthﬁggcg% Ict::g1 es the

position, Lenghla el RPN df MBrPasssl, positions 20 of the edited
parts of the respective nmultinedia source data streans Stl, St3, and St5 to

generate the scenarimiglatel S/.a THowotliget ssheaimuther ehasda specific
capacity, and is used to delay the nultinedia source data streans -21
Sti, St3, pacatefexskgemertitingl dpmmhtimn Hor putsystennstsehn St 3, and
Sts. 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. 69,

20 Fig. 65 is a flow chart showing details of

non-seamless multi-angle decoding process of Fig. 70,

Fig. 66 is a block diagram showing details of

the stream buffer of Fig. 26,



This delay is required for synchronization with the editor encodi ng
process. Moire specifically, when data 5 encodi ng and user generation of
scenario data St7 are executed sinultaneously, i.e., when encodi ng

i mredi ately follows editing, tine Td is required to determ ne the content
of the multinedia source data editing process based on the scenario data
St7 as will be described further 1Q pglow. As a result, the nultinmedia
source data nust be delayed by time Td to synchroni ze the editing process
during the actual encodi ng operation. Because this delay tine Td is limted
to the tinme required to synchronize the operation of the various system
conponents in the case of 15 sequential editing as described above, the
source stream buffer is nornmally achieved by neans of a high speed storage

nmedi um such as SeniCQ@GHC%QriEE%D&&OJD&H&%ltgﬂéﬂ}fgﬂé%ﬁ%ﬁ%ga¥?iCh all

mul ti medi a source data”is encoded at once ("bat er 20
scenari 0 dajécSl ingSageachabedsEobst ke gGorRl, epRrifidrirda A8} ahd | SEr-dighy Nust
be | ong enough to process the conplete’title or longer. I'n this case, the
source stresifpeffeisnBhowa,a | ow speed, high capacity storage nmedi um such
as video tape, magnetic disk, or optical disk. -22 The structure (type)
of medi a used for th&igoukee ist aedhowufdhar tmshdvhiaiefdeta bks def ethened
according to the delay tine Td required and the all owabl e nanufacturing
costd 5 Theleeedelr ngyngrenizahiepl pepcess of Fdgned7ad to the scenario

editor 100 and receives the scenario data St7 therefrom Based on the
ti me-base position aRdgreRgt ASi Af L%t (BREH ShRving ithe ereratberapfied in

e ororer T ShdeablE SBGOSETRBISLELPT ol o 200 generates the 10
Fig. 70 is a flow chat showing details of the
stream buffer data transfer process according to the
10 present invention,
Fig. 71 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,



the edit segnent of the nultinedia source data. The encoding signals St9,
Stll, and Stl 3 supply the paraneters used for video, sub-picture, and audio
encodi ng, including the encoding start and end tinmng. Note that nultinedia
15 source data Stl, St3, and St5 are output after delay tinme Td by the
source stream buffer, and are therefore synchronized to encodi ng paraneter
signals St9, Stll, and St13. Mre spggifically, encoding paraneter signa
St9 20 is the video encoding signal specifying the encoding timng of video
stream Stl to extract the encodi ng segnent fromthe video stream Stl and
generate the video encoding unit. Encoding-paraneter signal Stll is

| i kewi se the sub-picture stream encodi ng signal used to generate the
sub-picture 25 encoding unit by specifying the encoding timng for - 23
sub-pi cture stream . Engodin Ler a3 i j

encodi ng signal usegﬁ?% gZﬁe?Stg ?%gigﬁéﬁbigﬁaﬁﬁﬁﬁ?%ﬁﬁﬁS%§h§%g@??§i%g t he
encodi ng tigddihd oFordlskhtusl Ieage bt bngStBasadaes Wakal prRdasat®dati onship
bet ween the encodi ng segnents of streans Stl, St3, and St5 in the

mul ti medi a tSiowe< eortlatite caxd bl @etl angieesaitchdatauli® liedv@lereopding System
controller 200 generates the timng signals St2l, St23, and St25 arrangi ng
t he encodecsait® wd lwereth ad Efifededt sangdesi nande specified time-base
relationship. The encoding systemcontroller 200 al so generates the
reprdduction time i nfFégmaBPoAS| & GERPR Ad AFE ISEATIRIAQT @B¥RIaknbngt he
title editing unit (video object, 15 ,VOB), and the stregm encodi ng data

St 33 def i nithtP tHeL&ys3red @ Nt o8Re pRPEARHe A& tRo A EFRCEURS &M FRIRD SRIBIRAY

mul ti nedi a _stream contai ni ng,_vide audio,..and_sub- pict.ure data,, Note that
The roproddiaEh I0R Thi o pErrOncprearn 8 PASrRAT. By Gy o
generated f t | deo: ob] OB 20 of each title in one video zone VZ.
The encodiﬁ%ﬁ%fgﬁg%éggn%gg%ﬁgiogbo al so generates the title sequence
control signal St39, which declares the formatting paraneters for
formatting the title editing units VOB of each of the streans in a
particul ar gdde-Mese £6rrchptyOnghontagha mikentadna bi tstream Mre
specifically, -24 the title sequence control signal St39 is used to
cont@pol the connectibhe petweat tiheentiilon ddi tdatpiledly (4B} r Dbe@awbthitl e
in the nultinmedia bitstream MBS, or to control the sequence of the

i nt erl eavedrefietenceeli to nghenkcconpBayiBbgi dremiagsi.ng the title editing

units VOB of plural )
Data structure of the authoring system

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

or to just one scene within said movie.



reproduction paths. The video encoder 300 is connected to the source stream
buffer of the scenario editor 100 and to the encoding systemcontroller
200, and receives therefromthe 10 video stream Stl and vi deo encodi ng
paranmeter signal St9, respectively. Encoding paraneters supplied by the

vi deo encoding signal St9 include the encoding start and end timng, bit
rate, the encoding conditions for theyencoding start and end, and the
material type. Possible material 15 types include NTSC or PAL video signal,
and tel ecine converted naterial. Based on the video encodi ng paraneter
signal St9, the video encoder 300 encodes a specific part of the video
stream St1 to generate the encoded video stream St15. 20 The sub-picture
encoder 500 is simlarly connected to the source stream buffer of the

scenario editor 100 andiifad 8 &neading ey e aPePisek! ehe209tstRdahecei ves

therefromthe sub-picture stream St3 and sub-pi cture encodi ng paraneter

signal StllgatgseesthYaling 2heBasedrantilkh Sr pi peei £16 Oglifge PabANMEL 1
signal Stll, -25 the sub-picture encoder 500 encodes a specific part of

t he sub- pi ck{EBest r emBY St 3pkeigdranalys tdwrerncrsiashmpibipesttiie siagam St 7.
The audi o encoder 700 is al so connected to the 5 source stream buffer of

t he scenariaudilo} oand06thed treprioduertdadi ity tepresent hd ech@06pntant

receives therefromthe audio stream St5 and audi o encodi ng parameter signal
St135 whi chofugpthetithe dncédiengedtamndamPriirl idatyy. f@aseentnoihéngudi o
encodi ng paraneter signal Stl3, the audio encoder 10 700 encodes a specific
part of thetBRdFentepEafrEAs to generate the encoded audio stream St19. The

vi deo stream buffer 0 i.s, connected. jo.the videg encoder 300 and to the
encodi ng system cont QGﬁlégﬂlzqqﬁe dEd g??e%ﬁ&ﬁﬁféaga4ﬁﬁlgtores t he
encoded Viqggocessed by the authoring system, and comprises a specific
number of video title sets. More specifically, each video
10 zone is a linear sequence of K + 1 video title sets
numbered VTS #0 - VTS #K where K is an integer value of
zero or greater. One video title set, pHeferably the first
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



15 stream St15 input fromthe video encoder 300, and outputs the stored
encoded video stream St15 as the tine-del ayed encoded vi deo stream St 27
based on the timng signal St21 supplied fromthe encodi nhg system
controller 200. The sub-picture streambuffer 600 is simlarly 20 connected
to the sub-picture encoder 500 and to the encodi ng system controller 200.
The sub-picture stream buffer 600 sfgpres the encoded sub-picture stream
St17 output fromthe sub-picture encoder 500, and then outputs the stored
encoded sub-picture stream Stl7 as tinme-del ayed -26 encoded sub-picture
stream St 29 based on the timng signal St23 supplied fromthe encoding
systemcontroller 200. The audio streambuffer 800 is simlarly connected
to the audio encoder 700 and to the encoding 5 systemcontroller 200. The

0t 0 ot SROCHIASL RO LRSS e eBRRisdeaud O:SLCARBP put Trom the

audi o encdde €n out pu encoded au ean1 9 as the

time-del ay ﬁhﬁ?ﬂ?ﬁ @xg&"Gléééeﬁﬂféfﬁ&t%ﬁedaoaubh 5

i
supplied from ing systemcontrol | ér 10 20% The systen1encoder 900

i's connecteshiPind ey VeSS0 Sh T €aRt bahiiebtABY, aGil1RlagiURA gddd €am buffer 600,
audi o stream buffer” 800, and the encodi ng systemcontroller 200, and is

respect i veinf st 16, t aed ebye Wahdibhstiear- debayemthindmeodatk \duein st ream
St 27, tinme-del ayed encoded sub-picture stream St29, tine-delayed encoded

aud§ o streanfic#mdtiamd t he stream encoding data St33. Note that the system
encoder 900 is a nultipleXer that nultiplexes the time-del ayed streans
St27, St29, and St 3ThpavédeonanfHeapdist sEaeamsc @dlendhiatlal t8i138e4ms$ ni ng

S|gnal) to generate title editing unit (VOB) St35. The stream encoding data
St 33 cont #F9RtaHRIRG skt ¥heeRi A pardABt APSOTTARELEH PP EHEShdodthg start

and end t The deo, zone forpat 1300 i onnected 0 the 25 system
encoder :ﬁg%nﬁ9?¥ﬁﬁégﬁgﬁfﬁg asPRF ﬁFBgﬁFrBFFéPdZB% whi ch thg

o U B0 SR ST 3%&' 5

(timng si sup

si ghal St 3«91&&5“fﬁPérﬁQ&&RrPBié{rQHtSEér% ?BQt’iEﬁlfa'rms’&%n

formatting paranmeters used to generate ( mat) a nul t1media bﬁpgtrean1NBS

The video gons, {QraRLt @4td30RcH8a4T BBIES s RG1E st%n@_dwyngaélraéﬁt&@) St 35
in one video Zone VZ in the scenario sequence defined by the user based on

the title sequbdes seRbFpl afll gASEp SaFRAt ecpedanade lvh&E rhh anid ediqad ti medi a
stréamdata St43. The nultinedia bitstream MBS St43 edited according to the
user - def | meehscenfior oplerahescenes te mhy becoedessB2®0. The recorder 1200
processes the edited nultinmedia streamdata St43 to the data stream St 45
f or mat When this multimedia source data Sti, St3, and
15 St5 is obtained from a live broadcast, the video and 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,



15 of the recording nediumM and thus records the formatted data stream
St45 to the recording nedium M Note that the nultinmedia bitstream MBS
recorded to the recordi ng nmedium M contains the volunme file structure VFS,
whi ch includes the physical address of the data on the recordi ng medi um 20
generated by the video zone formatter 1300. Note that the encoded

mul timedia bitstream MBS St 35 nay be&dout put directly to the decoder to

i mredi ately reproduce the edited title content. It will be obvious that the
output multinedia bitstream MBS will not in this 25 case contain the vol une
file structure VFS. -28 Aut horing decoder DC A preferred enbodi nent of

t he aut horing decoder DC used to decode the nultinedia bitstream MBS edited
by the aut horing encoder EC of the present invention, and 5 thereby
reproduce {hgee0nhant stb-pachuldd ldd taNiforagRRIti NG {101 dd1ea M et s fefi-880
scenario, is described next belowwith reference to Fig. 3. Note that in
the prefertedpranbadasemulddseiithed sheleast.ne nmul timedi a bitstream St 45
encoded by the authoring encoder EC is recorded to the recording 10 nmedi um
M As shown in Fig. & shwwrautrhdigg decthierawheninyg i sesodenuECi nedi a

bi t stream producer 2000, scenario selector 2100, decoding systemcontroller
2300, streaambufites 2466engydveddderddiOsemeadinen sigten ceobrolber

sub-pi cture buffer. 2700, audi o buffer. 2800, synchroni zer 2900, video
decdder 38880,sYBAEPcLNCOGEC IS FiG®O SATHRFHRYERT 39, synt hesi zer

3500, video data t put term nal 3600, and . audi o data tput term nal 3700.
Tho bit ot T BURTBAGRIER 506 am B0 s SUBS TG T d B S | 608Nt 5004

for drivin he recardin di_um. di 06_for reading the

i nformati o%u%légoﬁ&é% dt%g ? ﬁge’r ea(‘:lorl% r%rrr?ga I t%%g:ﬁggﬁ’oas%?%%mtﬁﬁcﬁﬁgﬁﬁry
read signahast 5¢; Si I f | r ssing the read
signal St 5%0?(5 ggﬁgfatzgﬁ%hggﬁéﬁ%%éé%gﬁt gﬁced;r;&qfésr?gfi;d’%g %ﬁ% a

reproduct i paceRALhg MRk idA0%:. -29 The reproduction controller 2002 is

connected to the decodi ng systemcontroller 2300 fromwhich the multinedi a
bi 1@t ream r epr oduct iThe caldd®| z i@ NEdrnE tt8er S130PPLowPrigad widedr n
generates the reproduction control 5 signals St55 and St59 respectively
control | i ngbtiketr €50BJi hbgfifiedi 400 ,vdamiatf{arwtiorq0 2004d avoll singnahd
processor 2008. So that the user-defined video, sub-picture, and audio
portions ofidkeskrmcitre £ ormatdaxditdf by t he

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

stream buffer. The scenario editor 100 is connected to an



10 aut horing encoder EC are reproduced, the authoring decoder DC conprises
a scenario selector 2100 for selecting and reproduci ng the correspondi ng
scenes (titles). The scenario selector 2100 then outputs the sel ected
titles as scenario data to the authoring decoder DC. 15 The scenario

sel ector 2100 preferably conprises a keyboard, CPU, and nonitor. Using the
keyboard, the user then inputs the dggired scenario based on the content of
the scenario input by the authoring encoder EC. Based on the keyboard

i nput, the CPU generates the scenario 20 selection data St51 specifying the
sel ected scenario. The scenario selector 2100 is connected by an infrared
communi cati ons device, for exanple, to the decoding systemcontroller 2300,
to which it inputs the scenario selection data St5l. -30 Based on the
scenari o sebgebiAR1 dahat Bhakhial BE tdeeen & chirsle MM Wil dieTta300 then
generates the bitstream reproduction control signal St53 controlling the

operati on chulbembiist seapcer adeaestiQ0Gt Bivl Syapd Hims1 2400 has a
specific buffer capacity used to tenporarily store the reproduced bitstream

St61 i nput fromthe hesuseamigr dduceral?llH0;o exépraaducdetlaedvidso and
information and initiai synchronization data SCR (system cl ock reference)
for each staedmp anupgsestat ef1Ghei multdmadiontssiramtdatst 68simhetlse r eam
buffer 2400 is also connected to the decoding systemcontroller 2300, to
which it sufpepéayt ArdgeRerkesdth confdam ddyq antpita off dhe grnerated

h [ ,2900 i ted to th 5 I, t.el troll 2300
Y om whi ch FE€1800 J08 BRECs et SAREY GBL% dro At 05 TSR PIE { ho

h i zati trol ta.St81 t { i i t | ock STC and
Slpply the PESBFachY B, ERacrestrety st off i g KBRS er 2300
20 Based ' ts is
2l so goner aPRa=En ot BEREPC kot [ EE R TS 1R AR ohe

outputs thecpgaadnsi geaknst 63the bhe tHd RABPHY ain?4Afbaiiased ofyd he
supplied read signal St65, the 25 stream buffeér 2400 outputs the reproduced

bi t gior eam SgBdudt of- 8hia mNQ&iNed ilaniite mdrii gulea tSiksi el dewe degerSPPo as
bitstream St67. Based on the scenario selection data St51, the decoding
syst em cont dakhest2300 generates the decodi ng
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 (seguence)
intended by the user. Based on the instructions received
through the keyboard or other control device, the CPU codes
the position, length, and the relative time-based positions
20 of the edited parts of the respective multimedia source
data streams Stl, St3, and St5 to generate the scenario
data st7.

The source stream buffer has a specific capacity,

and is used to delay the multimedia source data streams



5 signal St69 defining the streamlds for the video, sub-picture, and audio
bitstreans corresponding to the selected scenario, and outputs to the
syst em decoder 2500. Based on the instructions contained in the decoding
signal St69, the system decoder 2500 respectively 10 outputs the video,
sub-picture, and audio bitstreans input fromthe stream buffer 2400 to the
video buffer 2600, sub-picture buffey; 2700, and audi o buffer 2800 as the
encoded video stream St71, encoded sub-picture stream St73, and encoded
audi o stream St75. 15 The system decoder 2500 detects the presentation tinme
stanp PTS and decoding tine stanp DTS of the smallest control unit in each
bitstream St67 to generate the tinme information signal St77. This tinme
information signal St77 is supplied to the synchronizer 2900 through the
decodi ng 2 st co o] r,2 S n 0 i t a

St 8l . Basegsg% t Jlgﬁs S§{}I§Jh$%ﬁl zagﬁgﬁﬁcgtﬁ?rgo?&d%? g %Ith %I%t yngc:%eo%?ézer
2900 determgpps &he, dgredspg, start tim ng whereby each of the bitstreans
will be arranged in'the 25 correct sequence after decoding, and then
generates and -32 irApst dellhy Misdeequtiresmfiac adimthisdmi asigRavi®h89 to

t he vi deo decoder 3800 based on this decoding timng. The synchroni zer 2900
al so gener atles adtflitsupphcedihgepsubepict uMoreespdicidf istadllty Sivnen E©4d and
audi o stream 5 decoding start signal St93 to the sub-picture decoder 3100
and Sudi o democo@ing280d usepegeherhyiomhefysgepagdcod@taBsY gurer at es t he
vi deo out put request signal St84 based on the video stream decoding start

si gnal St 8%xerdtedt piryltenenusivdes. -Bufrf ¥hePe@mcofing, mmeshiakely t he

vi deo out put uest nal St 84, the video .buff 600 out uts t he vi deo
strean1St83f?%lgﬂ ?aEgnﬂecBa@F Bdods FRAWHEESD db%ﬁ%@?’ BRis detects

th t at f h t St.83
di'sapl oo treouFaab 8 blie PUBRERERIREEE Wi B iR e re?g%s Fogd
d t t
time A v g e SOThEEES hReRILiTaBlvind Khe R e AR T 1 s
t huggdecodege byt heayi Qeeegsiedei—.né%ﬁn\ﬂ%@@% tha eRiSduged video

signal St104 to the syntheS|zer 3500. 20 The sub-picture decoder 3100

sinmilarly ggaesagbaspiyheifidbTal ebusgnenipwi zee dirs ledHitital ft&Bedased on the
sub-picture decoding start signal St9l, and outputs to the sub-picture

buffer 2700dufmngesnenaetualtbacsdhngl@p@matuutputBennuﬁé shiwmadleTAPB6, the
sub-picture buffer 2700
time Td is limited to the time required to synchronize the
operation of the various system components in the case of
15 sequential editing as described above, the source stream
buffer is normally achieved by means of a high speed
storage medium such as semiconductor memory.
During batch editing in which all multimedia
source 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.



25 outputs the sub-picture stream St85 to the sub-picture - 33 decoder
3100. Based on the presentation tine information contained in the
sub-picture stream St85, the sub-picture decoder 3100 decodes a | ength of
the sub-picture stream St85 corresponding to the specified presentation
time to 5 reproduce and supply to the synthesizer 3500 the sub-picture
signal St99. The synthesizer 3500 syperinposes the video signal St104 and
sub-picture signal 5t99 to generate and output the multi-picture video
signal St105 to the video 10 data output term nal 3600. The audi o decoder
3200 generates and supplies to the audio buffer 2800 the audi o out put
request signal St88 based on the audi o stream decodi ng start signal St93.
The audi o buffer 2800 thus outputs the audio stream St87 to the 15 audio
decoder 3200. The augig Qefaé%fgggeggegoeesm_adlianats@doff&mecr@ Surdd eam

St 87 corresponding to the speci eSentation tinme based on the

present ati Qi ddde b AEFBEd PN KOPE P6PEUpe Ndbberaiifea SteeadifBto e
out puts the decoded audio stream St101 to the audi o data output 20 term nal

3700. It | sdluis tpissitd erdguirgd oging etihe usklodablaedanmlfaictmdiingbi t st r eam
MBS in real-tine according to a user-defined scenario. Mre specifically,
each tinme tdmstuser selects a different scenario, the authoring decoder DC
25 is able to reproduce the title content desired by the user -34 in the
desi¥ ed sequence by Feerenaefinat BEskaM FREFre1BErs 20O mavBREweadbondi ng
to the selected scenario, It_is thereforﬁ gosslble bgeneans of, the

aut hori ng SRt ICENRF 1 RRRECT nH @Rt #BA TBCHLHEFafBea SE MR SRR

bi t st i | | -defi ngd i by . | -t bat ch

oncodi ng AT HA e S ve BAFET: G S HENREFEL P BbPORRE 1ETn b AROd t he
|| est editd J . whi Lyl.dad .l | .

subst r ears MGt of of cBlEdaitThRaneRE BepeaXhEXT TR Rar s

specific t iage%g)ass@; refd i &q@@apn?wfseaht &Hﬁékam&%b@ag@ewé%%w can

then be reproduced hccordlng to The one scenario selected fromanmong pl ural
posgh bl e scaEsd Dty pdrameBeS0sDORSLEI SLHO sBamgeanaesanizogohiddd imgpack

is in progress, i.e., to 15 select a different scenario and dynam cally
generate a #1avedit segment of the multimedia source data. The
encoding signals St9, Stll, and Stl13 supply the parameters
used for video, sub-picture, and audio encoding, including
the encoding start and end timing. Note that multimedia
15 source data Stl, St3, and St5 are output after delay time
Td by the source stream buffer, and are therefore
synchronized to encoding parameter signals St9, Stli, and
st13.
More specifically, encoding parameter signal St9
20 is the video encoding signal-specifying the encoding timing
of video stream Stl to extract the encoding segment from
the video stream Stl and generate the video encoding unit.
Encoding parameter signal Stl1l is likewise the sub-picture

stream encoding signal used to generate the sub-picture

25 encoding unit by specifying the encoding timing for



mul timedia bitstream according to the nost recently selected scenario. It
is also possible to dynam cally sel ect and reproduce any of plural scenes
while reproducing the title content according to a desired scenario. 20 It
is therefore possible by neans of the authoring system of the present
invention to encode and not only reproduce but to repeatedly reproduce a
mul tinmedia bitstream MBS in real -tipg.- A detail of the authoring systemis
di scl osed 25 Japanese Patent Application filed Septenber 27, 1996, and

-35 entitled and assigned to the sane assignee as the present application.
DVD An exanple of a digital video disk (DVD) with 5 only one recording
surface (a single-sided DVD) is shown in Fig. 4. The DVD recordi ng nmedi um
RCL in the preferred enbodi ment of the invention conprises a data recording
surface Fﬁéﬁﬁopﬁaéuieogwwgdﬁ1g%ﬁsiIEhéMafﬁgﬂbéyghé@@ﬂ ngﬁ91e§£i§'$9 | aser
beam LS, and a protective layer PL1 covering the data rec®drding surtface
RS1. A backh&dalhayer eRebdinhg@lsigrnovidiar « ddteeaek ©he dat@ibsecor di ng
surface RS1. The side of the disk on which protective |layer PL1 is provided
i s theref osrcoalinygr adito biyelspecdSysirde t9% lEndatimpnt misd deoA" dudasd t he
opposite side (on which the backing layer BL1 is provided) is referred to
as side SBstteaneSB5).. Note that digital video disk recording nedia having
a single data recording surface RS1 on only one side such as this DVD
recdrdi ng medi um RCBasek @iy Ehnedeiree 2vekahypeshinehesvagne theyer

disk. A detailed illustration of area Cl in FH%§ 4 is shown in Fig. 5 Note

that the d@RECR&REr LRGeS &fe REPARS e Py A VPhY AnnER&ITic thin
fil ther reflecti t] dat a_ | 4109, fi 2

tr anspar oSk BPAT S08 SE Ao gt A i ST AR IR (1 cHaRAee 1S afea gk, Peney o

t 4 f i t ty P A d
tr anepar onnECHTRELEY BRI Cortrls A I aler e LiKERS Blana ol
BL1, and ig¢bonded 50 bhe f9uss HhalRPAENEnd aifEoddd8 by nmeans of 5 an

adhesi ve |ayer 4110 di sposed therebetween. A printing |ayer 4112 for
prijpti ng amdilgkmeabalemibadlcs Gt SiPSEk pddEr 5&€ opiinéLpaspar ent

substrate 4111 as necessary. The printing |layer 4112 does not usually cover
the entireralatdeashigpa of the second
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,



10 transparent substrate 4111 (backing layer BL1l), but only the area needed
to print the text and graphics of the disk |abel. The area of second
transparent substrate 4111 to which the printing |layer 4112 is not forned
may be |left exposed. Light reflected fromthe data | ayer 4109 15 (netallic
thin film formng the data recording surface RSl can therefore be directly
observed where the | abel is not pri-riged when the digital video disk is
viewed fromside SB. As a result, the background | ooks like a silver-white
over which the printed text and graphics float when the netallic 20 thin
filmis an alumnumthin film for exanple. Note that it is only necessary
to provide the printing |layer 4112 where needed for printing, and it is not
necessary to provide the printing |layer 4112 over the entire surface of the
backi ng | aygfe Blik1e setfudhdlet@bherol! Sughaat 58A90HisaaraCed RdHitdo1d IS
shown in Fig. 6. Pits and |lands are nolded to the commopn contact surface
bet ween t he:Hd rednridcansns asdtweyertdd08iand ehdtdagauhdyer (4H33 @F side SA
fromwhich data is read 5 by enmitting a |l aser beam LS, and data is recorded
by varyi ng dduh |tengtdisiroftidanyl t smeditlal hhtistEean. MBShe olrerigt ltooftridie
intervals between the pits). Mre specificaIL¥, the pit and | and

confi gur at itre fsequsnem ahetlie rinteriespadehitigyefiring unity {VEEs)red to
the data | ayer 4109. The 10 | engths _of the pits and | ands are shorter, and
t he Jitch dintereleping retk st Hokererd byingeupitss¥qBeREe®lEadar rover, than
wi th a conventional Conpact Disc (CD). The surface recording density is
therefore FiSREIMTHARBRAENS de SA of the first transparent |ayer 4108 on

15 which data pits not .forned i.s_a.flat. surface, The second transparent
substrate 4111 is fgiﬁ?e?’h?ﬁ?cgﬂgﬁfl?raﬁgoi % orrbnes%aeré;ﬁﬁo S’éh%ﬁ%%%ef rom

the same Merial Beetde di [l 11003085 BNLab RUE 14RO LY haldh oides flal.

Thi ckness are preferably equa conmon 0 approximately 0.6
mm but thedlyeiid Oigf]éé@d\lc&%r@_ﬁlég bbbt ada Aecwijilsa tHardfHdM f@fd on is
read by irradiating tthe surface with a | aser beam LS and detecting the
chapge in thridefderédwi syl odnd heidéghenspatingBeazane tidie siyrel)j esdd ve | ens
aperture NA can be large and the wavel ength -38 1 of the |ight beam snal
in a digitatespeeni dekk. sysheodingepdrametersosuppd ileidghty $ihet wtislacsed can
be reduced to approximately 1/1.6 the light spot needed to read a CD. Note
that this resesdine stxorlit$on bhclude| fher eheodilng istagt adDEDSystemi s
approxinmately 1.6 tinmes the resolution,of a conventional CD system_ The
optical systEmuZedti® ¥2B9, dEhkea PPERAERE FPFRLSIRSHSrithe wnaedinthor t
650 nm wavel ength r m copduct or | aser .and an ohj ective lens with a 0.6

d .
mm 10 aper t3 ?M@nggegﬁusa% sBNP eBAERRG AN EYPRckAESS 1P 15 WQﬁfq*i&wparent
pangss 1o Otyg%gcéﬁ[}@%ﬁ?%éhﬁf?ég@ ERLd?'iﬁe‘éaEi%?bsfora%% 414 54 de of a 120

mm anet er IS therefore pos € to store notion picture

(vi deo) i MagSs,HAVLAInAPe X1 EMeBY sbal 88 REle Wiidedl@dcu ity Iaddha g gi tal

video di sk systemdisk wthout |osing inmage quality because the storage

capacity Ofsf?ﬁéﬂgéﬁs§iﬂﬁé,v§&ég| enktayelr BeeokHidtiidd WPLRGl W tdnone data
recordi ng surface RS1 as thus described is nearly ten tinmes the storage

capacity ofofs thavebdieonatr&bn dglatbegeneratte Itthe2@ridwied deidg esent ati on
time of a conventional CD systemis approximately ?4 mnutes if inmage
quality is stceafhi 8etl5.high quality video images with a video presentation
time _exceeding two hours can be recorded to a DVD L
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 Stl1,



The digital video disk is therefore well-suited 25 as a recordi ng nedi um
for video inages. -39 Adigital video disk recording nediumwth plural
recordi ng surfaces RS as described above is shown in Figs. 7 and 8. The DVD
recordi ng medi um RC2 shown in Fig. 7 conprises two recordi ng surfaces,

i.e., first recording 5 surface RS1 and sem -transparent second recording
surface RS2, on the sane side, i.e.-2ide SA of the disk. Data can be

si mul t aneously recorded or reproduced fromthese two recordi ng surfaces by
using different |aser beans LSl and LS2 for the first recording surface RS1
and the second 10 recording surface RS2. It. is also possible to read/wite
both recording surfaces RS1 and RS2 using only one of the | aser beans LSl
or LS2. Note that recording nedia thus conprised are called "single-side,
dual -1 ayer {jsksup-gicehosl 8ndbgorbeosobrEohBal aWBPeR ilfHR: NARHAY CBf'_&b
surfaces RS1 and RS2 are provided in this exanple, it is al'so possible to
produce di gidmp MEieee dstkedtCcotsli Bg geflenabavine epcRddmBEUNNDIGaFdi Ng
surfaces RS. Disks thus conprised are known as "single-sided, nulti-Iayer

di sks." Thatgeawnpisi ng two recording surfaces 20 simlarly to the
recording nedia shown in Fig. 7, the DVD recordi ng medi um RC3 shown in Fig.
8 has the recordi ng Ehef avddooangpdesi 7€0silgedlso anneekedtoethehas the
first data recording surface RS1 gn side SA and the second data recording

surface RSEUH G rtrgam | pufifer af sbheeSosNabdPofs 1tes WA 1Aty the

di f h - 40 digi.tal vi.d i.sk ipn thi
el 6 e SHA fogs FOR PR GO LHFT aghl / nif0a P S5 AT o TRAF AT SR the
doubl e-sided. digital vid di sk. « W i dj. h in Fig.
7 e Rt P 805 a0 08 SHchREp PR SR W sy ©
for~recordifg Syir P1ESLL ARV RO diﬁgségagﬁa%ﬁ” ehd AL Porl.?a\s[.’@i n

surfaces RSI and using a single eam Note that this type o

digital vidgq digkid Seﬁ&as?ﬁgapaégﬂeter_sg@gﬂa_lds%ha!,aﬁfe URtio dhcdids

al so be obvious that a double-sided digital video disk can 10 be conpri sed
Wi t1p t WO Or7 g®rend®ees da ngpadi faeepaper ofi dRe Anad ot wrar-fm itk ¢ called a
"doubl e-sided, nulti-layer disk." A plan view fromthe | aser beam LS
irradi ati ogenetcatné the eepcodddngudipf ateeRB8 Sktidhe DVD recordi ng 15 nedi um
RCis shown in Fig. 9 and Fig. 10. Note that a continuous spiral data
recordi ng track TR i ¥hpr wideedstiream bufifiedi dd kil parnegicedt bot Bheout si de
circunference of the DVD. The data recording track TR is divided into

plural sect'trde@RRCPAGT ng0Phandake KRBWANSPOLAGe SYESER 1SPNEXP NRR t hat
for STl i cldy onbe theadat 2 recerdlng traghs TRARSNRY dbld Jigedh
15 stream Stl1l5 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

AY



revolution. As shown in Fig. 9, the data recording track TRis normally
formed cl ockwi se inside to outside (see arrow 25 DrA) fromthe inside end
point 1A at the inside -41 circunference of disk RCA to the outside end
point QA at the outside circunference of the disk with the di sk RCA
rotating counterclockwi se RAA. This type of disk RCAis called a clockw se
di sk, and the recording track forngQGQ thereon is called a clockw se track
TRA. Dependi ng upon the application, the recording track TRB may be forned
cl ockwi se fromoutside to inside circunference (see arrow DB in Fig. LO
fromthe outside end point OB at the outside circunference of disk RCB to
10 the inside end point IB at the inside circunference of the disk with the
di sk RCB rotating cl ockwi se RdB. Because the recording track appears to

d
out'si oe. ci FogrPE - HRh Sk REAT ddRed ot LS SERE phSna L e
di f k
R OnV\Agtftﬁ%COU\#ﬁ C ﬂl}%ﬁe trac i %é@&nté’oﬂéﬂgfggiﬁ?ﬁboc R

di sk RCB TRB o distinguis rom di sk RCA

in Fig. 9. Note thatpid %P& r £€t & ANSHRE fe AN oBY ﬁsaéemmsrtlgack pat hs al ong
whi ch the | aser beamtravel s when scanning the tracks for recordi ng and
pl ayback. Bohgeldt@d afo disK awetial iercddy i ToOard €6 Skh&Cnkyansagi s thus
opposite the direction of track path DrA, and direction of disk rotatlon
RdBSi n whi slysdiegk de@Bxtalrler i20ahusTiopposdie steeamreeffen 800t saokepat h

Dr B. -42 An expl oded vi ew of the single-sided, dual-layer disk RC2Z shown
in Fig. 7 ﬁ@esﬁﬁﬂ?Qﬁﬁ(ﬂQQGQX§R¥QQWF$E}9|4np$bt%rQMath?h@u@é@oﬁdpngerracks
formed on the two recording surfaces run in_opposite directions.

Speci f i cal PP ra 2% [&& R%ﬁﬁn?ﬂ?mf@?%&%@T?&@h% SHEGAM StEPgasothe
f d i l,ock di t th | 0 t . dat di
sur f ace. ReFLRETAS] AR iR A LR R Er ARG 1 hoRASE P, FBE PARING
t | t D g 0 d
?‘JBBe%°52%§%%§a$£2$‘52c%1%?%e%18? =il feibdind shEegh¥bRERoflet e end

poi i ? @.OB of the first and second (top and bottom tracks are at the
sane radla position relative to the center axis of the disk RC20. Note

that track paths Drﬁm@éldsﬁ&ﬁfeﬁéa&lsﬁ Jboaig abhfebbeadabathead/iWdd e
directions to disk RC. The

stream buffer 400, sub-picture stream buffer 600, audio
stream buffer 800, and the encoding system controller 200,
and is respectively supplied thereby with the time-delayed
15 encoded video stream St27, time-delayed encoded sub-picture
stream St29, time-delayed encoded audio stream St31, and
the stream encoding data St33. Note that the system
encoder 900 is a multiplexer that multiplexes the
time-delayed streams St27, St29, and St31 based on the
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



15 first and second (top and bottom recording tracks thus wi nd opposite
each other with this disk RC, i.e., the track paths DrA and DrB of the top
and bottomrecording |ayers are opposite track paths. opposite track path
type, single-sided, 20 dual-layer disks RC20 rotate in direction RdA
corresponding to the first recording surface RS1 with the | aser beamLS
traveling along track path DrA to trgce the recording track on the first
recordi ng surface RS1. When the | aser beam LS reaches the outside end point
OA, the |laser beam LS can be 25 refocused to end point OB on the second
recordi ng surface -43 RS2 to continue tracing to the second recording
physi cal di stance betwe~ on the first and second 5 thus be instantaneously
focus of the |aser beamthe recording track fromthe first surface

uni nt er rup %ﬁgﬁé{‘ éﬁ@dﬁﬁﬁi’é%&%iﬁ Pﬁﬁi_{%vtéﬁg %ggslr {%%:&fs@t‘r{@iesu”aces

RS1 and RSZc m nat e Si np adj usti erefore

possi bl e WidnahWRaShELol re£4nRet Stiyperinkngl aighdag. gual -1ayer disk
RC20 to easily process the recording tracks di Sposéd to physically 10

di screte t graspubhiid D $@EPL Uedy SThéateslassagaienglet coRtiridlu@ignaacor di ng
track. It is therefore also possible in an authoring system as descri bed
above with stferanteains Flge flotwatbbhgnabaskyandcend tthienimd,t iaredithe
bitstream MBS that is the |largest nmultinmedi a data managenent unit to two 15
di sy et e r gt til iy rpacase RSEs ande@Skoogeneritgl € fogoatdi g nedi um RC2o0.
It should be noted that the tracks on recording surfaces RS1 and RS2 can be
wound in t 8RR IdRIEHHERR MBRoseTHESYAABRI 28P6y £0rmadter H300

count ercl ockwi se 20 track TRB. may_be.provi ded ?n the first, recordin
surface RSF%?W%IB‘&‘RV\F%@W%@R’C#% Bﬁlgﬁe YRBInFEiec druiahs é’dfqge&e
RS2. In thi th i ti f disk t at,i i I h d.t

cl ockvm'nse :'qurg%i o) ﬁgs&%ﬁ%?%ﬁgrgﬂaﬁéaﬁakgﬁ%&g“' gc%?ﬁi $ 31 ea(p&%etado be

S on ! ; 1 o O >
U3 above. Fhrote NLDOLE S1ddefiol OBLhRLENS SAERANCSTEo) KRR B |
thegf ore nejidied SDPMINEQa 08eLEhRedab8! 8043l t is therefore possible by

thus constructing the digital video disk to record the nultinedia bitstream
MBS 5 for a feature-{rEgRWA1tHEMeaiko bd tSitidatn MEIO T4 tedtedpat h
according to the user-defined scenario is then sent to the
recorder 1200. The recorder 1200 processes the edited
multimedia stream data St43 to the data stream St45 format
15 of the recording medium M, and thus records the formatted
data stream St45 to the recording medium M. Note that the
multimedia bitstream MBS recorded to the recording medium M
contains the volume file structure VFS, which includes the
physical address of the data on the recording medium
20 generated by the video zone formatter 1300.
Note that the encoded multimedia bitstream MBS
St35 may be output directly to the decoder to immediately
reproduce the edited title content. It will be obvious

that the output multimedia bitstream MBS will not in this

25 case contain the volume file structure VFS.



type, single-sided, dual-layer disk RC2o. Note that this type of digital
video disk nediumis called a single-sided dual -layer disk with opposite
track paths. Another exanple of the single-sided, dual-layer 10 DVD
recordi ng medi um RC2 shown in Fig. 7 is shown as disk RC2p in Fig. 12. The
recording tracks fornmed on both first and second recordi ng surfaces RS1 and
RS2 are clockwi se tracks TRA as showg.in Fig. 9. In this case, the

si ngl e-si ded, dual -layer disk RC2p rotates counterclockwi se 15 in the
direction of arrow RdJA, and the direction of |aser beam LS travel is the
sane as the direction of the track spiral, i.e., the track paths of the top
and bottomrecording surfaces are nmutually parallel (parallel track paths).
The outside end points OA of both top and bottom 20 tracks are again

preferably i.ti.ane t me radial position relative to the center
axi s of thAB ﬁo_l feld ggé#?bed above. As al so described above with disk
RC20 shown in Fig. Bhlpddig SSmPt Dhe v No Peth8ShabhapeAYS k¥ ikt €d from
outside end point OA of track TRA on the first 25 recording surface RS1 to

the outsi dpcengeROitt dddde IR knultinkial A Bt ¥ dem SeEONEaf £6Qr giyng
surface RS2 by appropriately adjusting the focus of the | aser beam LS at
out si de enghpoianithokindowritzided @C tdfe tios rdm=mt L tentbon | nendsly 5
access the clockw se recording track TRA on the second recording surface
R525 t he rtberebyy reptiodundeCihensintmntiref/egadn tikleppoitt @acdordéngon
(cl ockw se, oggpsite direction RdA). Dependi ng on the radial gosit[on of
the | aser BeafrheSusiesmadefingd seenawkq cierleser drrthgeexhebebovovithona
direction of the recording nedium As shown, by the diagonal arrow,in Fig.

12, the La¥&fep&RGeLEG Fi%-hetref HF f%rbrﬁri?\ep%?f%r"a%deﬁ’abﬁeﬂﬁﬁn@\ of
the t Kk the first di r f to the Lnsid (nt 1A of
the t1ack GASERARES: Sird Fodmiiiy bt Mer Tt S9E5 { faeBdpf bFcal 1y

di screte r r di . ) | i r ' track.

Rat her thaﬁﬁgsghl%g‘to%%%ce& qu;égletércgg;(sg%%éné@xg%%ng&g%ﬁ? o%?é’g%?ﬁ?ng surfaces
as jgne cong,i ecording track, it is also possible to use the recording
tré?ks to %%a#ggipg the nmultinmedia bitstreans MBS for different titles.
This type of digitalayiglesedi sk Fegor i ngnaegduyAvisngabkedaar” picngl e- si ded,
dual -l ayer disk with parallel track paths.” Note that if the direction of

t he trackscbmpredeb a0 multel neatioy d itgs tredmomsodRBdennZio RS s8enppasi t e t hat
-46 descri bed above, i.e., counterclockw se recording tracks TRB are
formed, di slkelegdoat i2dP0erondine systeemsconrolberr2ded, abbveamxcept for

the direction of disk rotation, which is clockw se as shown by arrow RdB.
buffer 2400, system decoder 2500, video buffer 2600,

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

The bitstream producer 2000 comprises a recording

20 media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to
the recording medium M and producing the binary read signal
St57; a signal processor 2008 for variously processing the
read signal St57 to generate the reproduced bitstream Sté1;

25 and a reproduction controller 2002.



5 Whet her using clockw se or counterclockw se recording tracks, the

singl e-si ded, dual-layer disk RC2p with parallel track paths thus descri bed
is well-suited to storing on a single disk encycl opedia 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 medi um RC3 conprising onesgecording surface |ayer RSL and RS2 on
each side as shown in Fig. 8 is shown as DVD recordi ng medium RC3s in Fig.
13. G ockwi se 15 recording track TRA is provided on the one recording
surface RS1, and a countercl ockw se recording track TRB is provided on the
ot her recording surface RS2. As in the preceding recording nedia, the
outside end points OA and OB of the recording tracks on each recording

surface are 20 pref bl | i Ny relative
to the center agi S 0 %t ﬁé%%de%%i%néﬁﬁmg %t‘ggﬁhékeg_ i ?é the
recording ﬁﬁécﬁéc881b89§?ﬁ&%ﬁp%@h&&o&ﬂ%&aQ%%dqikéﬂ“% rj@te 1 n opposite

directions, the track™paths are synmetrical. This type of 25 recording

medi um i s hheeehengakBeeBtaead deptoauptdeth deltror Aidryersdsskimi th
symmetrical track paths. This doubl e-sided dual |ayer disk with symmetrica

track pathsuRe3sedot ahas inn tilirhegtenaraRds When reeatdigttd én | dentheLfirst
recording surface RS1. As a result, the track path on the second 5
recrdi ng siighats RBREZ50anth&teepasispectivelys appuiXkindetlderection DrB in
which the track winds, i.e., direction DrA Accessing both recording
surfaces Regcandiprg2mgdiiagdziyengindl {F@taydaRq03 jand rekgnate not
realistic irrespective of whether access is continuous or 10

non- cont i NBBASSSEARATadAPsiron, a nultimedia bitstream MBS is separately

ded to th di f t fi { d dsid f th
o Rl T erent o e S tdd (TLa 0y SREORTCRLERS Rbac /e
i Fig. 8 j i ig. -1 i . ) te, t t hi di sk
oy Pses AiATBMBE Ao Tne 4 lS e AR M G ) 41 gl oK
reggrdi ng §ugﬁamgg§%§§§@ﬁ% S wegg&d&éﬁ,ec&fu NeLERGPL G " 854LA, the

out'si de en ol nts OoA of the réecording tracks on each”recordi ng

surface argcpeghgtabk¥ ROSCEnARE® dHelldtt ot SE f&diﬂlw@iﬁ%()@n&d ative
to the center axis of the DVD recordi ng nmedi um RC3a. Unlike the

doubl e- si dedpdualicliagethe slormadpondinmeg rdaealed r@citc st hs RB& descri bed
above, the tracks on these recording surfaces RS1 and RS2 are asynmetrical.
Thi s type s€edarhoi sefleeteofrord. dhdheraoutmBsidiie sslaeteduaitlayeasdi sk
w th asymmetrical track paths. )

scenario data to the authoring decoder DC.

15 The scenario selector 2100 preferably conmprises 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.



-48 Thi s doubl e-sided dual |ayer disk with asymmetrical 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 nmeans that if a | aser beam LS is driven
continuously fromthe inside circuphgrence 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 without providing different |aser beans for the two sides. 15 The
track paths for recording surfaces RS1 and RS2 are also the same with this

doubl e- si ded dual | i i i k h As
fesult, 1t s aiso pied| SN e SARUTES pERctigh (aBPLRESE TEE  hou
provi ding aepdahy ls3stlerP QUM I8 G0 dhdd JdigerRLecordi ng medi um

RC3a is turned over between sides, and the read/wite apparatus can

therefore beteeielin elegd RARABEalditrol Idighoul skbe é@ﬁ@ﬂoibﬁﬁ?t Bhe

recording nediumrenains functionally identical even if counterclockw se
-49 recordopgriation BB the imdtdedn pypdueemwf2@ockw se recordi ng track
TRA on both recording surfaces RSI and RS2. As described above, the true
val Je of a DVD syst éthevsiredam tihef 2101 24/@0 clapaicat ype€ifhe bafdedi ng nedi um
5 can be easily increased by using a nultiple |ayer recording surface is
real i zed i FeP@Citedisedaps itEMHGTRE MiYerseinr ol theal repreduced abihsteeapl ur a
audi o data units, and plural graphics data units recorded to a single disk
are reprod3&&d tHPYFgFER dhse RS FFAMEBRAYSRT PR erextvact the

t her ef i ble .t hi l.ong-standi ng des; f_soft
(pr ogr anmi RGFEERG, A EPERASHAN AT IFE LT AU H0F 49 e ot Bnt such

as a conmergi j i r ' ' in ural versions for
di fferent ﬁ%k%&ggg%gﬁﬁﬁﬁéﬁﬁgﬁapkﬁ? g%%ﬁg%ﬂ%k aﬂlie Teﬁéﬁn R 1 Ae%i mage
qualg ty Of piREtatl RNt A Htd XPH F OlrHON & a1V £EF S £ho MPYi € and
video titles have conventionally had to produce, supply, and nanage the

inventory aflsiondiorindidtled itid ahd MdBddiny &ystunagastrS éyph§8bl yrbhe
| anguage of each distribution market, and nulti-rated title packages

conf or m ngwhd chhé tpanugpptldle sc diie afer(cxertsat it tremgul @édhonsl ofiatadi vi dual
countries in Europe and North America. The tinme and resources required for
this are sB§lidf.icant. Wiile high inmage quality is -50
The synchronizer 2900 is connected to the
15 decoding system controller 2300 from which it receives the
system clock reference SCR contained in the synchronization
control data St81 to set the internal system clock STC and
supply the reset system clock St79 to the decoding system
controller 2300.
20 Based on this system clock St79, the decoding
system controller 2300 also generates the stream read
signal St65 at a specific interval and outputs the read
signal sté65 to the stream buffer 2400.
Based on the supplied read signal Sté65, the

25 stream buffer 2400 outputs the reproduced bitstream Sté6l at



-obvi ously inportant, the progranmm ng content nust al so be consistently
reproduci ble. The digital video disk recording nediumis close to solving
these problens. 5 Multiple angles One interactive operation w dely sought
in multinmedia applications today is for the user to be able to change the
position fromwhich a scene is viewed during reproduction of that scene.
This capability is achieved by 10 nmgpns of the nultiple angle function.
This multiple angle function makes possi bl e applications whereby, for

exanpl e, 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 avail able
angl es may include a position behind the backstop centered on the catcher,
batter, ang eg&e&%&e Qg AT RN IR RAC kSN $660a9NparEEeLdRr .
the pitcher, and the catcher; and one fromcenter 20 field show ng the view
to the pitghgr.and catcher. To neet these requirenments, the digital video
di sk system uses MPEG the same basic standard format used with Vi deo-CDs
to record the video,Baatl @n greplBasnaminl sthect SogndatdasasiBechese of the
differences in storage 25 capacity, transfer rates, and signal processing
per f or manc@ecodi hawisiyisiten lcontaeldduc 23 genezates v deesdiPgR2, the
conpression nethod and data format of which differ slightly fromthe MPEGL
forfmt usegignef WtéCodeSsning dheulsFusamdidsd fHartheeviddPent of and 5

di fferences between the MPEGL gnd_ NPE st andards have_po djrect

rel at i onshFBPrB1CkE Nt &8 Gdike FRTISW\RSHY STRORAHNY LFPhERe

| onshFH G Re P . .
Spoct | cat FBNETEE. FEETRTAM U5 PHRNLS 15 T deteltettretorebhe ovo
syst em accor di ng tO1]56'4,]56910??0%?%}{91bﬂ%&td%&@ﬁ%ﬁ{ﬁ?ﬁgdl Badehai | bel ow with

reference to Figs. ti-scene control A fully

funct i onal J3BARrAC GHa PR, e Py el e 126661 PospadLAVEL- angl e
ck furc fy p

scene pl ayba tion nmust enable the user to nodi the systemoutput in

mner, subbhepu@ss tM haded, Isub-gseithiryy, distandial bytébeeanneivpdeo and
audi o output. If these functions are achieved by preparing and recording
separ at e t firbas thatl istindang eaderof2420D the tenw dbssi bhefear eadal, | ock and
mul ti-angl e scene playback requests, titles that are substantially

i dentical and-giifctarre oufifler @716, wnd andio fufteor2@dot ast bber ecor di ng
medium This results in identical data being repeatedly recorded to the

| ar ger par engrdsse Vigias EWEIS SEd ufNCRAFS i AP TPEEREFS FEYgaBs StHe .

UtlllzatlOgnd encoded audio stream St75.

15 The system decoder 2500 detects the presentation
time stamp PTS and decoding time stamp DTS of the smallest
control unit in each bitstream St67 to generate the time
information signal st77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding

20 system controller 2300 as the synchronization control data
sts8l.

Based on this synchronization control data sts8i,
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



-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 recording nedium this is an obviously
undesi rabl e sol ution when the effectdi¥2-use of avail abl e system resources
is considered. Using multi-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 the avail able systemresources (recording nmedium. Mre 15
speci fical | yinphtseshéhaideansheephadeadoddely withlrthwikrals stad aid Ofige ar e
constructed from basic (commopn) scene periods containing data conmon to
each title, ahdeoufiecoderndspér bagsdcompthdisngegoduipsy dfimlirfd or e scenes
corresponding to the various requests. During 20 reproduction, the user is
abl e to freesynehyonizgny2pPReadspegengaptiesuRad SaWRIsigs dhea he
mul ti-scene periods to dynam cally construct .a title conformng to the
desired cont8apPichuresderpddngnstariysdgnadi §t8defdd AU ti%er%? ent al
| ock control _fungtion. -53,Note that nulti-scene control enabling a
parenfal | ocRepP §Bﬁcﬁt€5ﬁt?69“F§n§F§3nt&n%bﬁhﬁﬁbiﬂﬁﬁ %ﬁxé%??#%&%ﬁU%’is
described in_another sectign b Lth r e to Fig. 21. 5 Data
oséé?@%ﬁf §5§W WEe@Pé@%¥VE¥§

structure of 2FHe®D hé“data structure dsed in the authoring system

of @ digital video di sghoXSD AN (e dr ALt ch OVEIALENGhEp RO

in Fig. 22. To record a multine Itstream igital video disk

system di vi degqhbet19i5069" 8kBd BRIt kiR TRt ede ESbEhar €as,
the lead-in area LI, the volune space VS, and the | ead-out area LO The

| ead-i n areasthrtsspgauildedsat, tha outipthe sCitec wfee naintss anebf &f 4 é@o opti cal
disk. In the disks 15 described with reference to Figs. 9 and 10, the
| ead-10n 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 sSt104 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



area LI is positioned at the inside end points I A and I B of each track.
Data for stabilizing the operation of the reproduci ng apparatus when
reading starts is witten to the lead-in area LI. 20 The | ead-out area LO
is correspondingly |located at the outside circunference of the optical
disk, i.e., at outside end points OA and OB of each track in the disks
described with reference to Figs. 93and 10. Data identifying the end of the
vol une space VS is recorded in 25 this | ead-out area LO -54 The vol une
space VS is |ocated between the lead-in area LI and | ead-out area LO, and
is recorded as a one-dinensional array of n+l (where n is an integer
greater than or equal to zero) 2048-byte logic sectors LS. The 5 logic
sectors LS are sequentially nunber #0, #1, #2, ... #n. The vol une space VS

is also diwi L vol f : ; and a
file data é?gégfg?éqgﬁga E%%Ed$ﬁ§\ﬁﬂ%ié?%ﬁ%ﬁ#%ﬁ%ﬁ@??gﬁgﬁ?éfggﬁgggﬁgnt area
VFS 10 conppht8dndhl ir0dine SRH-Yitthdt) dtd-dara€49Ier endh kapapikeheger
greater than or equal to zero and less than n. The file data Structure FDS
conpri ses Aedodedi G19eciddchdes AmikrgtH D #rthdofeb+pattubesstirkamdat a
structure area FDS 15 corresponds to the nultinedia bitstream MBS shown in
Fig. 1 andstesccioredspomddngThe wheumpddilfoied rpcesentdESohsttihe tol e
system for managi ng the data stored to the vol une space VS as files, and is
di visSded i nreprogiuces @ndosnppda0 to [themsynttheizer | $500ethanber of sectors
required to store all data needed to manage the entire disk, and is a
natural nuf¥&-PictarEhsignal] H@%vmation for the files stored to the file
data structure area FDS is witfen to the volupe file structure VFS

according to a knowriHeHTREFIZRr IR0 fuperimposes the video
signal St104 and sub-picture signal St99 to generate and

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

The audio decoder 3200 generates and supplies to
the audio buffer 2800 the audio output request signal St8s
based on the audio stream decoding start signal St93. The
audio buffer 2800 thus outputs the audio stream St87 to the

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



25 1 SO 9660 or | SO 13346. - 55 The file data structure area FDS
conprises n-mlogic sectors LS#m - LS#n, each conprising a video nanager
VMG sized to an integer nmultiple of the |logic sector (2048 x I, where | is
a known integer), and k video title sets 5 VIS #1 - VIS#k (where k is a
nat ural nunber |ess than 100). The video manager VMG stores the title
managenent information for the entigge. disk, and information for building a
vol une nmenu used to set and change reproduction control of the entire
volume. 10 Any video title set VIS #k is also called a "video file"
representing a title conprising video, audio, and/or still imge data. The
I nternal structure of each video title set VIS shown in Fig. 22 is shown in
Fig. 16. Each video title 15 set VTS conprises VIS information VTSI

descri bi ng; h@?ects atségaea 1%? rEBEoHﬁeﬁ?@t khe dhalcipnghdhe VIS

title V|deo e system stream of the

mul ti medi %Péé@ﬁé&&ﬁmilmg heoi/i@spaﬁemgt tanti«fzsgeu@c@@a:rgc@&zflé st bel ow,

followed by the VIS title 20 voss S information prinarily includes
the VTSI managenent reabke tHegk fivke @ws\{BSlaG@y Mermtoontii@bl e VIS PGCI T.

The VTSI managenent table VTSI MAT stores such 25 information as the

i nternal sAutidwiegofyshemvofebhei pkesent58nyent¥es tHoheyanedzete of

sel ectabl e audio streanms contained in the video title set VIS, the nunber

of Bub- pi ooukeimedha bitstream according to plural user-defined
scenarios by real-time or batch encoding multimedia source
data in a manner whereby the substreams of the smallest
editing units (scenes), which can be divided into plural
substreams, expressing the basic title content are arranged

10 in a specific time-base relationship.

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



the video title set VIS |location (storage address). The VTSPGC i nformation
table VIS PGCIT records i 5 (where i is a natural nunber) program chain
(PGC) data blocks VIS PGCI #1 - VIS PGClI #i for controlling the playback
sequence. Each of the table entries VIS-PGCI #i is a data entry expressing
the program chain, and conprises j (where j is a natural nunber) cel

pl ayback i nformation 10 bl ocks C PBI3s#l1 - C PBlI #j. Each cell playback
information block C PBI # contains the playback sequence of the cell and
pl ayback control information. The program chain PGC is a conceptual
structure describing the story of the title content, and therefore 15
defines the structure of each title by describing the cell playback
sequence. Note that these cells are described in detail below |If, for
exanpl e, thevideoatihheassl h@f:lOEgaEh@”séﬁleata%%ng]éé1%sm¥Hl§ fé@ Xt deo
title set information VTSI 8 is stored to a buffer in the playback devi ce
when playbaﬁﬁpﬁi@atﬁonlf the user then presses a MENU button on a renote
control device, for exanple, during playback, the playback device
references pv@ buffer to fetch the nmenu information and display the top
menu #1. If the nmenus are 25 hierarchical, the main nmenu stored as program
chain  -57 infor mat AonewaspReciofsa ﬁ@ﬂ#ﬁ?kﬁ%ﬂﬂ%ﬂmﬁﬂskofD%Rhﬁﬁleh by
pressing the MENU button, VTS PGCl #2 - #9 may correspond to, submenus
accelsed usomLY tPRenTREPTEiRgyFHTLaRet HE SdRGLe IDVDIn o s/rsh e im0
and hi gher neg correspond to 5 additional subnenus further down the

hi er ar chy. ern tlvely VTS PGCI #1 may be the top nenu displayed by
pressi ng the MENU bu

gui dance reproduced E\&]’eppg :rlr?%q\x/{?{és‘r@oﬂed?%d‘hﬁg ﬁ%hr%??cgﬁﬁgeriﬁ The nmenus
thensel ves é&ﬁﬁo&ﬁi&ﬁéssﬁ QXet b6 vBLYSS h 55 %‘H’Ee“shaé ’Zfa%?ff&e@'ré hi's

t abl e. the us nmay be const ruct i'n various ways,

and Shall NOlrPRcbi BB edot anal eranChhiah @atROR-NE AN Cila NESAS gy menus
cont ai ni ng voi ce guidance. 15 In the case of a novie, for exanple, the

video titl eehttingolaBbiroBe¥HSLSI,s antionephriok ez tinid Xaydr tHE1 pEaybRLKg
devi ce when pl ayback starts, the playback devi ce references the cel

pl ayback sethuendataesecbbddnly sulr€apeosam cRaikadRGRg drayer@biutes t he
system stream 20 The "cells" referenced here may be all or part of the
syst em st r eahsoapdouidedsou abeabeegsoﬁoﬁ@m§(ﬂﬁqqnﬁxngwﬁumﬂaCQERSS can
therefore be used, for exanple, as the "chapters" into which a title may be
di vi ded. NoTeetfifecaéhtbe dhskpan W rihecditie eaver EFBIi%) contain

both cell pl ayback processing informatio
pprgvfgedpis %gere ore referre % to below as side SA

15 (commonly "side A"), and the opposite side (on which the
backing layer BL1l is provided) is referred to as side SB
("side B"). Note that digital video disk recording media
having a single data recording surface RS1 on only one side
such as this DVD recording medium RC1l is commonly called a
20 single-sided single layer disk.

A detailed illustration of area C1l 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.



-58 and a cell information table. The cell playback processing information
conpri ses the processing informati on needed to reproduce the cell, such as
the presentation tine and nunber of repetitions. Mre specifically, this
information 5 includes the cell block node CBM cell block type CBT

seanl ess pl ayback flag SPF, interleaved allocation flag | AF, STC resetting
flag STCDF, cell presentation tine_.G¢BTM seanl ess angl e change flag SACF
first cell VOBU start address C FVOBU SA, and the last cell VOBU start 10
address C LVOBU SA. Note that seaml ess playback refers to the reproduction
in a digital video disk systemof nultinedia data including video, audio,
and sub-picture data without intermttent breaks in the data or

i nformation. Seam ess 15 pl ayback is described in detail in another section

bel ow with fer t I n C

i ndi cat es \%%{eﬁkcﬁr%ﬂgﬁééggng?ftégt gggﬁez?ﬁr?cﬁ%léﬂ Qﬁ%oc;r%deqhe cel |

pl ayback lrgfw@éﬁ% hegel | AnsachHacti-anabakleddk éu%ﬁﬂa?d%getﬂl 1?
consecutively in the P i nformation. The cell block node CBM of t i rst

cel | playbagk 4 nfwicmiesn T2 fhhetseaseasethenbaickingha aydueraf, tdey fir st
cell in the block, and the cell block node CBM of the |ast cell playback

i nformationis rbdmded seguene ef tost atnanshereaktudayert Hadsasty aeddns roft he 25
bl ock. The cell block node CBM of each cell arrayed -59 between these
firsi and lastadeesiveokryenss blVafdieppagicshengbelfaieame cell is a cel
between these first and | ast cells in that bl ock., The cell bl ock tyfe CBT
i dentifies the type BfPEipkdng| daNerndilda: ODHPHMEINY 12 Hibek hvke

For exanpl e, a nul |l e angl e function i.s. enabl ed, the cell
i nfor na{TPorF“?;Y)r? %Opl%llélng%s% gﬂ“ {‘hFhﬁeFQBfioﬁﬁ'@Pﬁlpérﬁrﬂj:l SURSETAtR amned

Funct onal b bhids 1 AS48* 48T hed™B5 BEVAFRES AENEFr Y BHRH &% n the cel

bl ock 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.



type CBT for each cell in that bl ock. The seam ess pl ayback flag SPF sinply
I ndi cat es whether the corresponding cell is to be |linked and pl ayed back
seanlessly with the cell or cell block reproduced 15 i mredi ately

t herebefore. To seanl essly reproduce a given cell with the preceding cel

or cell block, the seam ess playback flag SPF is set to 1 in the cel

pl ayback information for that cell;3,0therwise SPF is set to 0. The

interl eaved allocation flag | AF stores a 20 val ue identifying whether the
cell exists in a contiguous or interleaved block. If the cell is part of an
i nterl eaved block, the flag IAF is set to 1; otherwise it is set to 0. The
STC resetting flag STCDF identifies whether 25 the systemtinme clock STC
used for synchroni zati on nust be -60 reset when the cell is played back;

when resetting the ﬁyaéeniéaelqhqekergmohso@ea%%arde ider R C sepetting
flag STCDF is set to 1. The seaml ess angle change flag SACF Stores a 5

val ue i ndiggdidinheiders 2 ceitsi 8n@ Dahas- apgl Aopaekodosshawd dtdimdpnnect ed
seanl essly at an angle change. If the angle change is seanl ess, the

sean ess aglteachangefdtagbSAEehstRet fipst; toahspuarent Layersefide 0. The
cell presentation tinme C PBTM expresses the 10 cell presentation tine with
vi deo framndriee sdata Jdeefi 4309 cehnl| sVEABUSAt Sromadtiieds dataVGRU r$%d s t he
VOBU start address of the first cell in a block, and is al so expressed as
t hé di st alte enibisime 2 olpeesceean bE,tapd data’ is recorded by

varying the lengths of the pits and lands (i.e., the length
of the intervals between the pits). More specifically, the
pit and land configuration formed on the first transparent
layer 4108 is transferred to the data layer 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 cgnventional 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 reinforcement, and
is a transparent panel made from the same material as the
first transparent layer 4108 with both sides flat.
Thickness Tl 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



first cell inthe VIS title VOBS (VISTT VOBS) as neasured 15 by the nunber
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 fromthe |logic sector of the first cell in the
VIS title VOBS 20 (VISTT VOBS) as neasured by the nunber of sectors. The
VIS title VOBS (VISTT VOBS), i.e., qghe multinedia systemstreamdata, is
descri bed next. The systen1strean13ata VTSTT VOBS conprises i (where i is a
natural nunber) systemstreans SS, each of which is 25 referred to as a
"video object" (VOB). Each video object .-61 VOB #1 - VOB #i conprises at
| east one video data block interleaved with up to a maxi num ei ght audi o
data bl ocks and up to a maxi mum 32 sub-picture data bl ocks. Each vi deo

o0 et VU5 SISO MELF BTy 47 B8t BOEL .

Each cell "C°Co 'S a natur nunber €0 O

VOBU #1  YRRUflandrath ¢ dage opi st %@e,ﬂ%éaweahssa Pelil@legdiaup

of pictures GOP, and the audio and s pi ctures 10 corresponding to the

pl ayback @bpyd:dnditdn) 1/DPUP ©he Pl LdhE eSp&Fheblaba tBakehleagdic®up _
of _pictures GOP corresponds to the video encoding refresh cycle. Each video

obj ect uniNote¥ORBat Sthid atiésnav tie areddlpbién bfethet hasegnbeam dat dnf or
that VOBU. 15 The structure of the navigation packs NV is described with
reflerencethe BV sitstdefis cappseximabgly ht. Aavinesi bhepaelsolMt itone of
internal structure of the video zone VZ (see Fig. 22),

a conventional CD system.

The optical system used to read data from the
digital video disk uses a short 650 nm wavelength red
semiconductor laser and an objective lens with a 0.6 mm

10 aperture NA. By thus also reducing the thickness T of the
transparent panels to 0.6 mm, more than 5 GB of data can be
stored to one side of a 120 mm diameter optical disk.

It is therefore possible to store motion picture
(video) images having an extremely large per unit data size

15 to a digital video disk system disk without losing image
quality because the storage capacity of a single-sided,
single-layer recording medium RC1l with one data recording
surface RS1 as thus described is nearly ten times the
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.



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 St1S shown in Fig. 17 is the
conpressed one-di nensi onal video data stream encoded by the video encoder
300. The encoded audio stream St19 is 25 |ikew se the conpressed

one-di nensi onal audio data stream-3962 nultiplexing the right and | eft
stereo audi o channel s encoded by the audi o encoder 700. Note that the audio
signal shall not be limted to a stereo signal, and may al so be a

mul ti channel surround-sound signal. 5 The systemstream (title editing unit
VOB) St35 is a one dinensional array of packs with a byte size
corresponding to the logic sectors LS #n having a 2048-byte capacity as
described using Fig.a 2{igiAaSt reaes 0! r§86Kaivg Phaaedmalsithe phaganni ng
of the title editing unit (VOB) 10 St35, i.e., at the beginning of the

vi deo obj eglcoridindOBUr fhltes Y edNxyiridedaove rtalswewhhen" pagsgation
pack NV', and records the data arrangenent in the system stream and ot her
control infoamnet isan. ThHae DDC aeesbrd ichep mediaam 82 Sshowin t e Bbgodad 15 audi o
stream St19 are packetized in byte units corresponding to the system stream
packs. Thesempxadlesss tarce relfomding Furfacess hketEingt xecoxding4. .. and
Al, A2, A3.... As shown in Figq. 17, these packets are interleaved in the
appPopr i at EUFEFEFEN &S la@nsly SEeah~FAdRaNES: FRCANM K ePTE Had asprEREE

t i th [ ti I to the d buf f ' he ti

equir bd S0 SR AR =G BT i I Hvd ShoPeE (A packBER. PR 1 he
I h is0 . Ri. Q. , t L SA,l pp_t

Vi Ve, Al beg iyl hsblie S R, ¥ o ddRETLERN SinkiRe; RFp2 01170

i nterl eave [ Hata eni B -faﬂg‘ié:h@ A Hpi LOpLEi tly

i ncreased ?é’%%?g:ir?%f% ayb.g:cei(é gé’p\gcsl'llft ?Or}ﬁi g speegire%%r%le?\g%ppg%bggg, and
per f or Mance,ghMpRY GRS gt 3 ddit SN durf e 5Rs Na k! tRB2BLEHRE DVD
systemto record plural audio data and plural sub-picture data (graphics
dat@ to opecordEhaha fadd HoR.a JHde dléerpeswirl &PES sysdgwrsteeam
and thereby enable the user to select the specific audio data and

sub- pi ct ur dottht ar el rvd nge Euardiaceds KEdwemndiR$2 aydimg. ofhe sheuofutheof the
system streamused in this type of DVD systemis shown in Fig. 18 and
descri bed Béisen beamsy ISlgorl 1.S2-he Nafek dihale drepredbg virgddasthuam St15 is

shown in Fig. 18 as_ V1, V2, V3 V4, ... 1n 15 this exanpl e, however, there
is not justCoRREiSehFEE £7diles 1SN kg THLA YR 2hAKRE oREEX i 0 St reans

StI19A, StlI9B, and St 9C.i npu t he souyrc ta. There _are al so two
encoded sub- picture Yr%ﬂﬁéﬁéﬁgginmﬁ %f%?% Eﬁﬁgtwaéiﬁhgwgoﬁﬁegrﬂéﬁg
subypi cture St saLNeS X C r t r St St.l 9A,
St IbJQSE St1§ ?‘Egt%iaég’iRaS}d a§teq %& f%[eg)ipﬁ:tsdz\r?f%%ge%‘ 'LZ%HEé s?%gﬁﬁglg'ys Emlgt ream
St 35. The ¢ ggggi ' Lieatl it h
the gr oup_\c‘%llf1 %%?g%ﬁ%%sﬂléjﬁ I ng lﬁi%ﬁ??gﬁ O‘(’:%&f%? gg%ipgghgggﬁglr gfgdwgach

roup of ' Piuiis 1o Hnohit HeddrdIRgEsui fatbe Rese DisRE BRSS si gnal ,
u e

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



-64 specific nunber of franmes conpressed to one GOP is variable. The stream
managenent pack, which describes the managenent data containing, for
exanple, the relationship between interleaved data, is also interleaved at
the GOP 5 unit interval. Because the group_of pictures GOP unit is based on
t he video data, changing the nunber of video franmes per GOP unit changes
the interval of the stream managengejy .packs. This interval is expressed in
terms of the presentation tine on the digital video disk within a 10 range
fromO0.4 sec. to 1.0 sec. referenced to the GOP unit. If the presentation
time of contiguous plural GOP units is less than 1 sec., the nmanagenent
data packs for the video data of the plural GOP units is interleaved to a
single stream 15 These managenent data packs are referred to as navi gation

packs NV i%h&i bgibhal,;y.deq jdhsk Sygtiemes tpfﬁ,ﬂeat T LOMPNE A¥i gation

pack NV to e packef inmedi ately preceding the rext navigation pack NV

forms one yidgpg9hbeslirtaicksVaBY: alldod®ReFRIrmedN &1t AWt SUILUS- L} gyfack uni t
20 that can be defined as one sCene is called a video object VOB, and each

vi deo obj egigVEB1CQAHRING iRKUr alAsvivden @Bjecdiedbtidind/GRA i kRt Shewh SiRf
plural video objects VOB forma VOB set (VOBS). Note that these data units
wer e firstrFiged7i nithdsdiagisalposisd®d editek provite Wwen sdpxrdtof 1akese data
streans are interleaved, the navigation packs NV defining the relationship
bet fieen t heeamselBdaand B8Ck £ onusecardddnge sunfadesn\REIL scand Rt ned toit
known as the pack number 5 unit. Each group_of ~pictures GOP is nornally a
uni t contarﬁﬂﬁéwapﬁﬁokpﬁ@t§BFQ@§M@9$§@FﬁﬂC%ﬁ(ﬁé&(ﬁnQLRﬁﬁn%ﬁlmg 2qui val ent
to the presentation tinme required fo 2 - 15 frames, apd, one navi gation
pack NV i sSgBHéRalPyFeENPEATeay &P R ttﬁi‘at%hé:hrﬁrﬁé’rpeop%aﬂ’agb"a%k&éd?%qui r ed

0 the i ni8FPEaIBA°GIARs. alBREP Bnd SR AT ThOkers Thretituti ng
L1 [5ICTATHESPE bEIBHEL Y Rl AL IR E R P Fisho 00 Sl 1
10 be comprised with two or more recording surfaces per side.
This type of disk is called a "double-sided, multi-layer
disk."
A plan view from the laser beam LS irradiation
side of the recording surface RS of the DVD recording
15 medium RC is shown in Fig. 9 and Fig. 10. Note that a
continuous spiral data recording track TR is provided from
the inside circumference to the outside circumference of
the DVD. The data recording track TR is divided into
plural sectors each having the same known storage capacity.
20 Note that for simplicity only the data recording track TR
is shown in Fig. 9 with more than three sectors per
revolution.
As shown in Fig. 9, the data recording track TR

is normally formed clockwise inside to outside (see arrow

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



packed or packetized according to the MPEQ standard. The packet structure
is essentially the sanme for video, audio, and sub-picture data. One pack in
the digital video disk systemhas a 2048 byte capacity as descri bed above,
and 20 contains a pack header PKH and one packet PES; each packet PES
contai ns a packet header PTH and data bl ock. The pack header PKH records
the time at which that pack is to bhgjisent fromstream buffer 2400 to system
decoder 2500 (see Fig. 26), i.e., the systemclock 25 reference SCR
defining the reference tine for synchronized -66 audi o-visual data

pl ayback. The MPEG standard assunes that the systemclock reference SCR is
the reference clock for the entire decoder operation. Wth such disk nedia
as the digital video disk however, tine managenent specific to 5

i ndi vi dual ifs f%kl dt@ﬁrgﬁﬁé BEe ﬁhog% b%Hdﬂua ecoder

systemis there ore separ el'’y provi ded e pac ead simTlarly

contai ns aﬁé%@id@%if&@nﬁé%ﬁﬁb@T&aﬁﬂeadﬂgﬁodh.ﬁﬁ EhE® SIS, both
of which are placed in the packet before the access 10 unit (the decoding

unit). The fyEeaeiidtédOntérElséams&TRanefl i DRist bepki BE atisxhirda tihe vi deo
data or audio data contained in the packet should be output as the playback

out put aft eralisidip debocledi sandliskhe amdothegrecordingntrBER defnimees t he
time at which the video stream should be 15 decoded. Note that the

pres®nt at | dtheremn sisinpa P o fetet¢keisedbraaksTRAe di splay start tinming of
the access unit, and the decoding tine stanp DIS effectively defines the
decodi ng start t|nlnBeBFn@hégaBEQ§stbﬁlPppﬂﬂcﬁﬁéOPTsﬁhﬁjq?ﬁ?ﬁ#%ﬂqhe sane

time, the DTS is omtted. 20_The iet header, PTH al sq contains an 8-bit
field caH(iF%qﬁa¥§$eEﬁ¥I??|§@FW? PhOCKNLSFalker PPsELlde &0 insddfr the

k d K deo.d ket
b1 an. WPEG GARA B EERRATS °e”%?é%?€al?s¥ba§§’£e s SR PR RO (o e
data packetg, d;? rr@eé(‘{}\%]fb%@tcﬁ%e t§§@eb81£-éﬁﬁ%¥rgﬁt:le“%‘} A Y Ragket 1

in this enbo he invention 1s used to carr audlo data other than

t he)PEG audi® fad fae SedddpSiiie PIE 8¢ erHat @nsmabvetlﬁc%%%r%ec%f 115 t he
PCl packet and DSI packet.” Private packets 1 and 2 each conprise a packet

header, prigatie with Bi€adigndrROBt BoBating Theopkiviaee RAB.a HRM N IEHLHS an
8-bit sub-strean1ID i ndi cati ng whether the 10 recorded data is audi o data
or sub- pi cttgeoxiiing fieclkusppears to wind counterclockwise when
viewed from the inside circumference to the outside
circumference on disks with the recording track formed in
15 the direction of arrow DrB, these disks are referred to as
counterclockwise disk RCB with counterclockwise track TRB
to distinguish them from disk RCA in Fig. 9. Note that
track directions DrA and DrB are the track paths along
which the laser beam travels when scanning the tracks for
20 recording and playback. Direction of disk rotation RAA in
which disk RCA turns is thus opposite the direction of
track path DrA, and direction of disk rotation RAB in which

disk RCB turns is thus opposite the direction of track path

DrB.



data defined by private packet 2 nmay be defined as any of eight types #0 -
#7 of linear PCM or AC-3 encoded data. Sub-picture data may be defined as
one of up to 32 types #0 - #31. 15 The data area is the field to which data
conpressed according to the MPEQ specification is witten if the stored
data is video data; |linear PCM AC 3, or MPEG encoded data is witten if
audi o data is stored; or graphics dapa conpressed by runlength coding is
witten if 20 sub-picture data is stored. MPE&-conpressed vi deo data nmay
be conpressed by constant bit rate (CBR) or variable bit rate (VBR) coding.
Wth constant bit rate coding, the video streamis input continuously to
the video buffer at a constant rate. This 25 contrasts with variable bit
rate coding in which the video -68 streamis input intermttently to the
video buffer, thereby, najghigals PPsviBtethe SURB1ESS 1WaR IRRIAl RFb.Of
unnecessary code. Both constant bit rate and variable bit rate coding can
be used indiik Hai tsowrd dg0 Eigk BySd eshown Besaasex MREGoViideridat a1i.s
conpressed with variable | ength coding, the data quantity in eacCh group_of
pi ctures CHRdtes Mt cons tradordiwy virkeckainflormed oofdethdi Rgot reesrding
differ, and the tinme-base relationship between the video and audi o data
read from amrd@desalruh sin dpesite bixéeckidase r8peacifashilpjyhbetaween t he
video and audio data output fromthe decoder, do not match. The nethod of
ti md base Simakwide irreanding dercdndCRARS Shewni $nt Fégef 8r dsdéoemeded i n
detail below wth reference to Fig. 26, but is_described briefly bel ow
based on cdfstERCHise ARG P hethaviJAYeEh HAERENG2SR ucture is

hown in Fig. 20.. Each navigati NV Starts with. k_header PKH
nd Cont al FECETND RRGR R BatecoTalardiPriniBahEoeoteREg . i
head PKH 0, [ | : | fr t
but 1 or 2400V by B¥ e Rl Zaut (Eg bR B i kBck SoR PR e B X"

ref erence i T O i n [PY4 udiQ-\d
ot o o aybat 119 HOHS W oeI AN haBChopety 10EORN7 A S0 AT o

G)1@nd Anghg-fddOraed | omd of Nodn BeAMRS SoRt3Y83CknGNYBL nAG bl aHae JBC

General Information (PCl~G) declares the display 5 tinme of the first video
frame (the o atte FMsf AABELMBY P Mnd bottbhp diapkay atdematoftHehe

| ast video frame
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 RC2o0 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 heam LS
reaches the outside end point OA, the laser beam LS can be

25 refocused to end point OB on the second recording surface



(End PTM of VOBU (VOBU E PTM ), in the correspondi ng video object unit VOBU
with system clock precision (90 KHz). The Angle Information for

Non- seam ess pl ayback 10 (NVMBL AG.I) states the read start address of the
correspondi ng video object unit VOBU when the angle is changed expressed as
t he nunber of sectors fromthe beginning of the video object VOB. Because
there are nine or fewer angles in thjs exanple, there are nine angle 15
address declaration cells: Destination Address of Angle Cell #1 for

Non- seam ess pl ayback (NVSL AG._Cl DSTA) to Destination Address of Angle
Cell #9 for Non-seaml ess playback (NVSL AGL C9 DSTA). Each DSI packet
contains DSI General Information 20 (DSI G), Seam ess Pl ayback I nformation
(SML PBI), and Angle Information for Seanl ess playback (SM. AGLI). The DSI

Vi deo-obj GEP2 ohPt SoEEEp. EaCTCERR FRESRRIE Ll ek Fiuaf, coed
€0 obj €t | 5% BUER) “BXr esse
VeBU. v | < B SeeO R Br A L R e AR ot T B Chould b

noted thatph{gieant iNyeHALY HededAl 8nd Weichydihy thaadiy erreayed TRB
(mul tiplexed) at the systemstreamlevel as an interleaved unit ILVU in

order to seantrestyrsepandusacsplli reebradny red fladdseRsPlandl RSYSéE&M
streans interleaved with the interleaved unit ILVU as the smallest unit are
def fned asthunsi heeihstantahkbouklyl@lihdén8¢ad dys sRimplyacduwd oimat tha ( SM-
PBI) is declared to seanml essly reproduce the streaminterleaved with the

i nt er| eaveflognsét of Ltheatashe beaml &5t data unit, and contains an

Interl eaved Unit Flag (ILVU flag) identifying whether the correspondi ng

vi deo object unit 13tv@BUthersdoret MASSHRIE B gk amHePresite| k§arkdi cat es

whet her the vjdeo object unit, Uis iin_an interl eaved bl ock, and is set
to 1 when P?t*‘sgy@h{aﬁﬁpggefﬁéggﬁvud??&ﬁllaé’e§etdlls5< %C%e‘ho LIF U obj ect

it VOBU Lok sBcR0 FALEERENLCI-BLAR By BID A g il e 0

e vi ] éct U ¥n the

oL ee kLl BSRANRRCbiCBbeLIR ol WO S ST
bei ng readchatifRBoh8Stecording track. It is therefore also possible
in an authoring system as described above with reference to
Fig. 1 to continuously record the multimedia bitstream MBS
that is the largest multimedia data management unit to two
15 discrete recording surfaces RS1 and RS2 on a single
recording medium 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 RAB, thereby

enabling the two recording surfaces to be used as

25 comprising a single continuous recording track as described



-71 VOBU in the interleaved unit ILVU Oherwise the Unit END f lag is set
to 0. An Interleaved Unit End Address (ILVU EA) identifying the address of
the last pack in the ILVUto 5 which the VOBU bel ongs, and the starting
address of the next interleaved unit ILVU Next Interleaved Unit Start
Address (NT_ILVU SA), are also declared when a video object unit VOBUis in
an interleaved block. Both the Inted eaved Unit End Address (ILVU EA) and
Next Interleaved Unit Start 10 Address (NT ILVU SA) are expressed as the
nunber of sectors fromthe navigation pack NV of that VOBU. Wen tw system
streans are seam essly connected but the audi o conponents of the two system
streans are not contiguous, particularly imedi ately before and after the
15 seam it is necessary to pause the audi o output to synchronize the audio
A urde0 ARerents: oL LhF BYSLERLR! T GaRLLahlovedantle seapy b dat

0 nay e el n

non- cont i guous™ audi esu ronfdifferent audi o signals

recordi ngtﬁﬁfétﬁé €] §OLhEPRLHLE NHe Y HES Qheﬁiﬁsnowms%gi%acbﬁlwh 20 for

exanpl e, eo frame cycle 1s approxi mately 33. nsec while the AC 3

audio frame cycle i gt32smefereferenablse itdlies uyeeauwrmgﬁtdmwueﬁ@
reproduction stopping times 1 and 2, i.e., Audio Stop PTM1 in VOB (VOB
A_STP PTMYigitell Auildeo Sk PEdPresoY@BtRE mMOBiAe8IR BiM3trdanliMeg i ng t he
time at which the audio is -72 to be paused; and audi o reproduction

st dppi ng i calsfdatde2]length, tibdeotCap Eéngilk Opposite (BYERkA p@dth LENL)
and Audio Gap Length 2 in VOB (VOB A GAP LEN2), indicating for how |long the
audi o i s tWRR, palrebe-sided) sduddclarey PASE RREopS| Neiekdthatngiheig hat

these tines are specified at the_, , ) , i
type of digital video disk medium is called a single-sided

dual-layer disk with opposite track paths.
Another example of the single-sided, dual-layer

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

15 in the direction of arrow RAA, 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 RC2o
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



system cl ock precision (90 kHz). The Angle Information for Seanl ess

pl ayback (SML AGLlI) declares the read start address when the angle is
changed. Note that this field is valid when seanm ess, 10 nmulti-angle
control is enabled. This address is also expressed as the nunber of sectors
fromthe navigation pack NV of that VOBU. Because there are nine or fewer
angl es, there are nine angle address_ggclaration cells: Destination Address
of Angle Cell #1 for Seanl ess playback”I5 (SM. AGL_Cl1 DSTA) to Destination
Address of Angle Cell #9 for Seanm ess playback (SM. AGL C9 DSTA). Note al so
that each title is edited in video object (VOB) units. Interleaved video
objects (interleaved title editing units) are referenced as "VOBS'; and the
20 encoded range of the source data is the encoding unit. DVD encoder A

preferred e i peng, of _a digital video disk sten1author|ng encoder ECD
in which thnﬂﬁgl?nn%%?aS%F?g rEﬁﬁPﬁﬁPﬂ@kFﬁ&@%@é Rbrapperviatelyr esent

25 inventio e o] gi Q. di t mis - 73 descri bed
bel ow and sﬁbﬁu%ﬁPé? ghéngfﬁg F g‘ﬁ\? 5u§’etar%31‘§ehaet AMtRtdagerdcoder
ECD appl i ed é&hﬁ@ebﬁlglta| vi deo dISk system referred to bel ow as a DVD
encoder, is substantially identical to the authorlng encoder EC shown 5 in

Fig. 2. The basic diffiewenee,beEiesn tliw@:%% § £ %ﬁﬁtiﬁ {;] ”e”t in

t he DVD encoder ECD of the video zone formatter e au

encod®r EC adnn/essmtlineael&B»:d@ﬂééefe&:GQQlﬁﬂ_;dtfxﬁfd]@tItl@I ol Qe Ide i xlnci aI s0 be
obvi ous that the bitstream encoded by this DVD encoder ECD iIs 10 recorded

to a digitalret¢erding skunfacenRS2, Theeopecatiddhgoinddiivn RE Enpader,ECD i s
t herefore degcribed bel ow in conparison with the authoring encoder EC
descri bed a¥AVemsin rthecoppesitaudhvertdosndedeckst se hemuoiiag syst em
controll er %gif %%%é“ﬁﬁkcont6§£eﬁéggglin the radial position of the
laser beam LS, however, it is inefficient to change the
10 rotational direction of the recording medium. As shown by
the diagonal arrow in Fig. 12, the laser beam LS is
.therefore moved from the outside end point OA of the track
on the first recording surface RS1 to the inside end point
IA of the track on the second recording surface RS2 to use
15 these physically discrete recording tracks as one logically
continuous recording track.
Rather than using the recording tracks on top and
bottom recording surfaces as one continuous recording
track, it is also possible to use the recording tracks to
20 record the multimedia bitstreams MBS for different titles.
This type of digital video disk recording medium is called
a "single-sided, dual-layer disk with parallel track
paths."
Note that if the direction of the tracks formed

25 on the recording surfaces RS1 and RS2 is opposite that



15 st9, Stll, St13, St2l, St23, St25, St33, and St39 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 autfporing encoder EC described above.
Specifically, the user-defined edi'tT™ng instructions (scenario data St7) in
the DVD encoder ECD 25 simlarly describe what source data is selected from
all or -74 a subset of the source data containing plural titles within a
defined tinme period, and how the sel ected source data is reassenbled to
reproduce the scenario (sequence) intended by the user. The scenario data

St7 of the DVD encoder ECD, ' 5 however, further ,contains such information
as: the mﬂﬁﬁﬁr%ﬁeétﬁg%ﬁﬁvcbn?arn%ﬂuFFeFHéOQHWPﬁﬁgr&ﬁQﬁglﬂﬂnﬁﬁﬁ%ﬁ

bt d litt Lti-tit t t o _bl K t ant
Cime i ntertRl AThEAERBYr B +sﬁu'aps?aﬁ§8éﬁ%e%eéﬁ%i“ MR tERAS TR ai ned | n
h st d I th
Citle i s aarmtoedianOys, PRBLpt (FSrihl BRI et r i il ( ne
user cont gy fé'@f&éﬂwiée%el ghakmshyeamsongudi ng, for exanple,

nultlple view ng angle and the nethod  of connecting scenes when the angle

s $wi tched anong t fiRetheFlkiiplye clicrWwigeatd euntherSLedrigedata St7 of
the DVD encoder ECD al so contains control information on a video object VOB

unit basi sreddr@ihgf Oraeksonthe sefylecditiedondadd -ty aredi sl REBE St ream
and specifically includes such information 20 as whether there are nultiple
angl es or witlenpatatbalrbratkapatks. tiiendeslriped drglwe M -esitged sto

enabl ed, the scenario data St7 also contains the encoding bit rate of each
strean1comwQMﬁmQQOUa@aSLHGéPIéaﬁkngnéﬁélpﬁédéﬁs?n@aﬁmﬂk%ﬁrthe start and
end tines of each control, and -7s whether a sean1ess connecti on shoul d

be nade bét‘%"ehm?ﬂéap’PéE%HFﬁ@mﬁnHOF‘BFP-ﬁ\?(PHgmé‘tlFé% tatd e dRBH PES st em

CoPéroIIer Zoougééi?cgﬁdtghﬁdomly 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



information fromthe scenario data St7, and generates the s encodi ng
information table and encodi ng paraneters required for encoding control.
The encoding information table and encodi ng paraneters are described with
reference to Figs. 27, 28, and 29 bel ow. The stream encodi ng data St33
contains the system 10 stream encodi ng paraneters and system encodi ng start
and end tim ng val ues required by tag 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 nunber of
audi o streans, the is audio encoding informati on and audi o Ids, the nunber
of sub-pictures and the sub-picture Ids, the video playback starting tine

i nformati on VPTS, and the audi o playback starting tinme information APTS.
The title sequence control signal St39 supplies 20 the nultinmedia hitstream

MBS fornatﬂPN&rspéﬁﬁaﬁﬁ?@ﬁﬁyqq?ﬁ?kF?%fEF XiBACARd f SPAEt PR Lsasdfecer s
decl t.h d trol f f t
Baseq on't ﬁé‘%\%r By i 1 e et ERD B BB 0paEhS! e ARttty
si gnal St9 cqﬁ%neq? d%he:wq)]'ead:??%fwff .f.lé atﬁge?ﬂ:!s% Qgcorf the

in
vi deo stream O gener a e an enen mconformng to't glVPEGZ

Video standan 0ol igxad | md SOA3818: , Thhe efsaﬁnbaﬁx ahr BRE kSAWgPut to

the video stream buffer 400 as encoded video stream St15. Note that while

the svi deo epeRAeNind) G e ales? adh etiegesbpoyiter 28eC OBl BpFoRd tieo thiae
MPEGR2 Vi deo standard defined in | SO 13818, specific encoding paraneters are

i nput vi a dieedtden o dingvpicianeiertsaghaviftts, inel ydadgeictdomncodi ng
start and end timng, bit rate, the 10 encoding conditions for the encodi ng
start and ®md. t RAeaessiriqlbatipesedording ngunfiacher REheandt &Sialusiingam NTSC
or PAL video signal,or telecine converted material, and whether the

encodi ng msdadle dasembedn Hes h@éﬁh%!ﬁfgrecF@§e§e€EPS§n§od|ng 15 The

MPER2 coding nethod is basically a
irrespective of whether access is continuous or

10 non-continuous. In addition, a multimedia bitstream MBS is
separately recorded to the recording surfaces on the first
‘and second sides of the disk.

A different example of the double-sided single

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

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.



interframe coding nethod using the correlation between franes for maxi num

signal conpression, i.e., the frane being coded (the target frane) is coded
by referencing franes before and/or after the target frane. 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 enabl e accessibility fron1nid1§# eam (random access). The coding unit
containing at | east one intra-code rane 25 ("intra-frame") is called a
group of pictures GOP. A group of pictures GOP in which coding is closed
conpletely wwthin that GOP is known as a "closed GOP. " A group of pictures
GOP containing a frame coded with reference to a frane in a preceding or
following (1SO 13818 5 DOES NOT LIMT P- and B-picture CODING to

referenci ng PAST franes r,0 f.pictures,GOR . is _an "open St s
therefore %Ei%éBE?S'ﬁﬁﬁgﬂagﬁai EESSEddéfﬁ i g%ﬁ%ﬁ?%ﬁﬁﬂégi;;raCK

Repr oduci n o Foas L equisne e f_ 4

ref erence %fﬁ? ggg8?%5?3Qgﬁgxﬁnﬂlg%§gééﬁn§df0%ﬁ%§<ﬁ§§?¥§§¥%£ﬁﬁ§i§}>is
often used.ps EOERCEERS TG oRRFaBXARBNC, WS ORIk banwad &g the

pl ayback start point for reproducing a title fromthe middle, as a _
transiti on,pEhNbni 8nad 8B¥bRd PEcbPAihgSEukeawRr ksl dh AHE WPpPdsile SPeCi a
reproducti'on nodes. Hi gh speed reproduction can be achieved i n such cases
by seprodugifg 08! yppbeitst thef Adpeceadad Dikpares which &R afrdnk r epr oduci ng
only frames in GOP units. Based on the sub-picture stream encodi ng 20

par anet er wipdal $tki., tlheesthopi brBre encoder 500 encodes a specific part
of the sub-picture stream St3 to generate a variable | ength coded bitstream
of bitnmapped data. This weansbltdateddt i dakar hean rk3nisladnivenout put as

t he encoded sub-picture stream Stl7 to the sub-picture stream 25 buffer

600. _~sCoRLIBHOBSYhEraBdtheeARSARRY CRECHE ST RISy TR e PutHideudi o

encoder 700, encodes a speci%hc gart of the audio stream Stb tqaﬂenerate t he
encoded auBibCHBEET eRAPsOBnEBGed1AThi 5eFREL NS Y fRES Bise AL HRD MPEGL

"niPeo 136180 e R E D e P AR B S e T N i oue
and means gh £AEOdLAgaUALaofaiAgAsakALR0HsY ! ivas Slaigl ge known and

comonl y avali e video“stream buffer 400 1s connected to the

vi deo encogdeeos@ingndeliduhhfcsacednndes ye@iywadrited hertr?dld: thhen Mgleo
stream buffer 400 stores the encoded video stream StlS i nput fromthe video
encoder 30fheaddskubpelsahbewitapat erevdedny dEF Rireran Hd &y asedhe

ti me-del ayed 15 encoded vi deo stream St27 based on the timng signal St21
suppl i ed ffom the &woosgiidgssystem controll er 200. The sub-picture stream
buffer 600 is simlarly connected to the sub-picture encoder 500 and to the
endddi ng syst em contihd [EackPathfe Qb ARG NSt FeafRoes bRELeand00 stores
t he encoded _sub-picture stream Stl 7 ig@gt from_the sub-picture encoder 500,

and then oBRFPuBEet RdSS: &P&J SERCOHEH s L5 QAR K15 HYFL &2¥$He- del ayed
ded 5 pict t St.29 b d { | 1 i | St2 l'ied

From the cRtal Hd tB, SEUIMBSRLFAh SF aso pathe, dldidld MR 2P bUPP et o0

i iml A : { i d t Ot i t

control 1 or BoB oFhECES rde BB, 2edu0uE R BontP S UG | O iFe REQE 00 SY0! cam

St19 input uf ERBLENANY9 nENCRBaka% o’ Ads ANG IR £l Pal &h t HEa&NEPdEre audi 0
stream St19 as the"tine-del"ayed encoded audi o stream St31 based on the
timong si gpakoBudnos wepliugd Riosemilshewheatidies sdereeons i@és erar@0the
read/write apparatus can therefore be constructed
economically.

It should be noted that this recording medium

remains functionally identical even if counterclockwise



The system encoder 900 is connected to the video 10 stream buffer 400,
sub-pi cture stream buffer 600, audio stream buffer 800, and the encoding
system controller 200, and is respectively supplied thereby with the

ti me-del ayed encoded video stream St 27, tinme-del ayed encoded sub-picture
stream St 29, time-del ayed encoded audio stream St3l, and 15 the system
stream encodi ng paraneter data St3%“)hbte that the systen1encoder 900 is a
mul ti pl exer that multiplexes the tine-delayed streans St27, St29, and St31
based on the stream encoding data St33 (timng signal) to generate title
editing units (VOBs) St35. 20 The VOB buffer 1000 tenporarily stores the
vi deo obj ects VOBs produced by the system encoder 900. The fornmatter 1100
reads the del ayed video objects VOB fromthe VOB buffer 1000 based on the

titl trol SL39 to. t d . \Z, and add
Lhe vol und ecoubiry | Gradk iR, E5UPEoP4 886 aPd S Re SRS RIS edi o

stream data St 4§in;h€rgykt ﬁgdbﬁ Fb%ﬁt %Eg@gygg (? ﬁ%ﬁ%&gq@ﬁcoﬁg'%to t he

user - def i ASt- Scenari 078 t e€n sen e recorder

| 200 processes the gglhggcggbganggb%est@ﬁ@ﬂgygéa¢gfﬁgtéktgm?ggta stream

St45 format of the recording nediumM and thus records the formatted data

stream St 4y dtfeh hghé£E0y dtRE BBEEHELMoabYBiegCodentl v Jef & D&)Qﬂadlum

enbodi ment "of a digital video disk system authoring decoder i n which
t hes mul ti reath i éaéiepninotbasedgbgyaténgoh b tipdsentavidry erddord ing
applied to a digital video disk systemis described bel ow and shown in Fig.
26. The awhunfacg iecoedelided apphiudtimedid appldicgittiminsyiwtexrebywk system
referred to below as a DVD decoder DCD, decodes the nultinedia bitstream
MBS edit edliial video\rbacvddEsECPlvrathaugiesdata mpdrits orandind
recreates the content of each title according to the user-defined scenario.
It will alBgipel o%’%ﬁ%scﬁ hdgtenhen2snkPEPREsha thi fsSiswhesidisleratrled by
this DVD encode recor de gi tal vi.deo, di medium M The
basic confieRre P58 oJFh’E‘H‘égbvb“ 88651 VBLBPRERhIA S A S Ehbodi ment | s
same as that of ] [ d i 3. The
di ﬁg ‘é&ﬁ% £ot e ‘i‘:%%%%bl%ct%‘% & e

erences are 25 F ferent i oder 1 (shomn as 3800 in

Fig. -8L ééa#&fﬂ '&eehgeeo@f sB?@w\éE‘@er%%%%ﬁ%ﬁ%qo :aakgle fe dﬁorde“ng

buf fer 3300 d se ect r 3400 are di sposed between e VI r 3801

and synt heﬁbé@ifﬁé@@lyl\bﬁé bbablaaep%@b@emrm%%ﬂt%r&omﬁm%t& the 5
synchroni zer 2900, and is controlled by a swtching signal St103. The

oper at i on cdmhérsidVOndetaden BRCPinglehekebeidd ndeswdied drel wwaran
conparison with the authoring decoder DC descri bed above.
versions for different language and demographic groups
15 while retaining the image quality of the original.
Parental control
Content providers of movie and video titles have
conventionally had to produce, supply, and manage the
inventory of individual titles in multiple languages,
20 typically the language of each distribution market, and
multi-rated title packages conforming to the parental
control (censorship) regulations of individual countries in

Europe and North America. The time and resources required

for this are significant. While high image gquality is



10 As shown in Fig. 26, the DVD decoder DCD conprises a nultinedia

bi t stream producer 2000, scenario selector 2100, decoding systemcontroller
2300, stream buffer 2400, system decoder 2500, video buffer 2600,
sub-picture buffer 2700, audio buffer 2800, synchronizer 15 2900, video
decoder 3801, reordering buffer 3300, sub-picture decoder 3100, audio
decoder 3200, selector 3400, syntheghzer 3500, video data output term nal
3600, and audi o data output term nal 3700. The bitstream producer 2000
conprises a recording 20 nedia drive unit 2004 for driving the recording
medium M a readi ng head 2006 for reading the information recorded to the
recordi ng medium M and producing the binary read signal St57; a signal
processor 2008 for variously processing the read signal St57 to generate

(he 1S ocHEgShigt SRR S BRenHE RSO SO RL PR 1000, O

The reproduction C s cornecte g system

controll er .2300st A Yhi-eRrbRecTwhkl medi a bitstream reproduction contro
signal St53 I's suppliegd, and in turn generates the reproduction control 5

signals St55 and St 59 @ERAAE ) }NaEDH SN |dtbrdiEnd 6fed fin0i geghasdri ve
unit (nmotor) 2004 and signal processor 2008. So that the user-defined

vi deo, subtpi sblxvéngantdesedipropdieisons of the nultinedia title edited by
the 10 aut horing encoder EC are reproduced, the authoring decoder DC
conpri ses Muiténdei angdeect or 2100 for sel ecting and reproducing the
correspondi ng scenes (titles). The scenario selector 2100 then outputs the
sel ected titles as $fendmterdatd Yoo R IOPHetSHRYY BP9NE dMe scenario

sel ector 2100 preferably_gonprises a keyhoard, U, and nonitor. Using the
keyboar d, Fﬁétg§@ﬁl?héﬁgﬂﬁﬁGF§°Fﬁet&@éﬁ¥é& forndho Ynged Pt mbidntent of

th 10| by the, DVD der .ECD._ Based t he keyboard i t, th
CPU gener o Ba"BRe CEELRAPRG 0 CEETOR 6 A §oOre1 oo TR R AR S0l ot ed

scenari o. ;ggﬁéﬁgggggg_%slggégrs%£g%.!Sg%ﬁ%ﬁ%ﬁ%ﬁﬁkffiéi“ﬁ, %ﬁédi$ ?égﬁ%en1

controller an in communi cations device, -for ex

i ngyt s thepgener glednachiakiip1seltghie0F @Rita ofl.51 to the decoding system
controll er 2300.
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



-83 The stream buffer 2400 has a specific buffer capacity used to
tenporarily store the reproduced bitstream St61 ~, nput 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 stggam buffer 2400 is also 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 hg system

controller 2%)??%6‘{:38 Fééfd‘ﬁﬁ?étwﬁ gf’ﬁé?g%isne%‘ﬁ %e%gn&qﬂf@ r t(_i3 on data

fromthe bft amrepr ctron con si gdal generates the
decodi ng i ' t egylyr 0 @i B : LS fﬁﬁggj g

i nformati o@n&ﬁgg?%%?gnfgggggér?Egdagﬁ%t Egﬁbel gv}\:;gw t rgl{r e lefr%gr.l%:es_ o FI g}g 62
and 63. The-gdrcedendpeyst eBYRABL G18LHEHiRBOV ider-cyd f acts the title

information recorded to the optical disk Mfromthe file data structure

area FDS of the bitgtr eaduddnbeohotaida tH3 e genetahe dheahdt! e
i nformation signal St200. Note that 25 the extracted title information

i nchudes tdiffétdencaanhgtween- 8ieVNEBEGYT 8nidnMREGR isttandiitds theevdGio
information entries C PBI #. and the cell presentation tine C PBTM Note
that the biizecbanedshiporhdpt toStbs intgatedt dihe rryradntunineertiehown in
Fig. 19, and_is 5 supplied fromthe stream buffer 2400 to the decoding

syst em cordp®| fFerthegodesgrimtdnnt A8 SheEshofis i thash halewnfeeX ed. The

synchroni zer 2900_i s connected to e decaqdj.ng ,syste ontroller 2300 from
Which it FEUER,LOEPRESTA0Gy EER UP Bk SPErAIMAL IRHE (Aot Tot? 3PS he

synchroni2f$é9£ gggirol data St81 to set the internal systemclock STC and
supply the &7 ystemclock St79 to the decoding systemcontroller 2300.

10 The data structure of the DVD system according to
the present invention is described in detail below with
reference to Figs. 16, 17, 18, 19, 20, and 21.

Multi-scene control
A fully functional and practical parental lock

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

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

25 medium, and significantly reduces the utilization



Based on this systemclock 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 method of generating the streamread
signal 20 St65 is described next. The decodi ng system controller 2300
conpares the systemclock reference. §R contained in the streamcontro
data extracted fromthe stream buffer 2400 with the system cl ock St79
supplied fromthe synchronizer 2900, and 25 generates the read request
signal St65 when the system -85 clock St79 is greater than the system
clock reference SCR of the bitstreamcontrol data St63. Pack transfers are
controlled by executing this control process on a pack unit. 5 Based on the

scenari o se : | t a.Stal., di faqgey%ﬂggg | 1 00 generates
t he decodin%ggﬁsggpggtgg_ggfiR%%gltggggfgghn) ds tor the vi %%% _
sub-pi cturepapBg caydiraydi %! HRARE r&UaNASPANMYIEE L d Reo S EEEEq $ELPAELO.
and outputs to the sysfem decoder 2500. 10 en atitle contains plural

audi o trackgiteeg. satdes@ylihaclesery bapaiese rEwgldsth evengdingnener ot her
| anguages, and plural sub-picture tracks for subtitles in Japanese,
Engl i sh, Frmashkivandapacdttyeofl dhguaded taflorvisdeanmlissk anall bamet ewhDlés
assigned to each of the |anguage 15 tracks. As described above with

ref ebence t dtFngy be cansiluded thats tids pradblear t9an Welceagiblyn antvePEG
audi o data, and a substreamID is assigned to the sub-picture data, AC 3
audi o dat a, PYi ABSrepeingatiie §3PATIAYgRE FRHFECATA NG Jnedivmn. thwe| &St he

user need never_ be aware of. 2Q these | unbers, t user _can, sel ect the
ngUnge. of SEREPHIALE K P Ge SOaEEIE SO et (s b ST LPS ohe0 108, |

EP0l Loh | 1R800 R BRI el P el 10 corempond g o
oo 0.7 SO O SIS L O ORI L LR L
10 is described in another section below, in a DVD system, it
is possible to dynamically construct titles for numerous
variations of the same basic content using the smallest
possible amount of data, and thereby effectively utilize
the 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.



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 vi deo
stream St 71, encoded sub-pictuxe stream St 73, and encoded audi o stream
St75. Thus, when the stream ID 10 -i3gput fromthe scenario selector 2100 and
the pack ID input fromthe stream buffer 2400 match, the system decoder
2500 out puts the correspondi ng packs to the respective buffers (i.e., the
vi deo buffer 2600, sub-picture buffer 2700, and audi o buffer 2800). 15 The
system decoder 2500 detects the presentation tine stanp PTS and decodi ng
time stanp DTS of the smallest control unit in. each bitstream St67 to
generate the tinme i gbeentha@nnail@ialsceing’ coltirol idmabh iy At bereatanal
St77 is supplied to the synchronizer 2900 through the decodi ng 20 system
control | er1la300p psybaek sganhrohi Fahcthoaoandomudatia-aSifle Stanesl on this
synchroni zation control data St8l, the synchroni zer 2900 deterni nes the
decodi ng sikaybacki g descebpedath shotherbisesticmdbalidw wictltar r anged in
the 25 correct sequence after decoding, and then generates and _87_

i nput s t heceferenegereanfddgeoding start signal St89 to the video decoder
3801 based on this decoding tim synchroni zer 2900 al so gener at es
and® supp! iRata petrue the % signal St91 and audio stream5

MD
decodi ng start sign St.93 to,the sub-picture coder, 3100 and audi o
decoder 3200, respegbﬁvgﬁéa T WL S &5%%%é?‘ggﬂﬁ JPERrEIRS ?ﬁ§g9Wdeo
output re ) i a o] Vi L, odi t signa
S50, and ShutbITEat e BB Ry Bk e s U B bR | e
out put reqyesdnsi Ral s SERGwnt PR ¥igeo2buf f el 2R QRUIP UL  deo stream
St83 to the V|%e08gec%der §§01. Thg_videp dgkodey 386? ﬁﬁﬂ%ﬂﬁ%¥%%ts t he
present at it FEah MOETOELOS g95t BhNed iRt E W ERA eI eY RISS, tRed
di sabl es the video output request signal 15 St84 when the |length of the
re¢@i ved wéleorsinganed®idn iatequhrakent jor eecHiitid iatkqy esanéati on
time. A video streamequal in length to the specified presentation tine is
t hus decodbshdyinhareadbd, dehederl88€1 spalciec VSqutana sthdel ezmpradticadeai deo
signal St95 to the reordering buffer 20 3300 and sel ector 3400. Because the

encoded vilkfeo streamis coded using the interfranme correl ati ons between
pi ctures, the coded order and dis Ia¥ order do not necessarily,match on a

frame unit basis. TRBeyilG8G d&nAgE &t VIR b1 BYRIINALSS t he

d ded der. T d ded f h f ar., t il t d

Lo the. redr HES PRESEANERr 2588000 TRECS PRIMEG ShPro00 T B I DI & ont 1ol s ¢ he
k& chi I 103 j i tput f

ChiS Vi deg SRECELPNGRECA bERenEs FEMREIDEES ARG B g gyt put Trom

appropri atgly, seregkegdoand; BHERUL L Rnlehg rdliefRd %@rﬁwnefeﬂgﬁ%_mﬁe&zer

3500. The sub-picture decoder 3100 simlarly generates t pi cture
out put reosesh €+8BRL Sh8€abasedsearlindzing the operation of the

reproducing apparatus when reading starts is written to the
lead-in area LI.

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

25 this lead-out area 1O.



sub-picture decoding start signal St9l, and outputs to the 10 sub-picture
buffer 2700. In response to the sub-picture output request signal St86, the
sub-picture buffer 2700 outputs the sub-picture stream St85 to the
sub- pi cture decoder 3100. Based on the presentation tine information
contained in the sub-picture stream St85, the sub-picture 15 decoder 3100
decodes a length of the sub-picturessgtream St85 corresponding to the
specified presentation tine to reproduce and supply to the synthesizer 3500
the sub-picture signal St99. The synthesizer 3500 superinposes the sel ector
20 3400 output with the sub-picture signal_ St99 to generate and output the
video signal St105 to the video data output term nal 3600. The audio
decoder 3200 generates and supplies to the audio buffer 2800 the audio

out put request si gnaphStiS B sk ors the podhest beairedacedieng start
signal St93. The -89 audio buffer 2800 thus outputs the audio stream St 87

to the audileadededen<320F aHie leadi-outecnoer 13200anikcbseseaotaagt Asok t he
audi o stream St 87 corresponding to the specified presentation tinme based on
t he pr eseniomtei-crinteinsd ohailnfaomayt icdh reidnt @wheste im 1deanuilnbegeregmrestd?, and
out puts the decoded audio stream St101 to the audi o data output term nal
3700. It i $hamuermpepiadl & gansr MW%&Qle(ﬁnfﬁtLﬁedl Fhpei t st ream
MBS in real -time according to a 10 user-defi ned scenarlo

sped fi cal Lpgica@eatons fife areeSasiaitia Ll pymben: # %ceﬁ&rl i’fzrt he -DVD

decoder is able t roduce he title content_ desjred by._the user in

t he desi re(fnseqlfgﬁc °§3}‘“YEE My hé iR ¢ %db+?J§?r§aH¥R7’B§e and
correspondi to the s i d n d that the
decodi ng sfg‘t em cgr‘ﬂ &“ag'%@% r?ar;,y sa(t}.pea}l EL% aﬁltp u%‘ef?g o‘r9 i on si gnal
St200 to thg dy'(%fggeg§§w 2100 by neans of the infrared comrunications
devi ce nentione above or anot her neans. Interactive scenario selection

control I ed by the 20ris6fo higfle adrs® pﬂaaaer@eeﬁrelﬁahxgbﬁen%cewa 2
sel ector 2100 extracting the title information recorded to the optical disk

M fy®Em t he donp? idaisa meity ukigile s tDI.SF0 the LE#mt (wRereont fel adat a St 63
contained in the title information signal St200, and displaying this title
25 i nf or natinmregeEr yréiadEatcfar arseaqeel éod i2ero and less than n. The
file data structure FDS comprises n-m logic sectors LS #m+1l
to LS #n. v
Note that this file data structure area FDS
15 corresponds to the multimedia bitstream MBS shown in Fig. 1
and described above.
The volume file structure VFS is the file system
for managing the data stored to the volume space VS as
files, and is divided into logic sectors LS#0 - LS#m where
20 m is the number of sectors required to store all data
needed to manage the entire disk, and is a natural number
less than n. Information for the files stored to the file
data structure area FDS is written to the volume file

structure VFS according to a known specification such as

25 IS0-9660 or ISO-1334s6.



-90 Note, 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
menory can be controlled to provide the sane discrete functionality by

ti me-share controlled use of a buffgs -nenory with an operating speed plural
times faster than the read and wite rates of these separate buffers. 10
Mul ti-scene control The concept of nultiple angle scene control according
to the present invention is described belowwth reference to Fig. 21. As
descri bed above, titles that can be played back wth nunerous variations
are constructed 15 from basi c scene periods containing data common to each

title, and multi-scefgs Pe{]Qd3a£ONPELSELIrar Q¥Ra D sdidhilite s GRAES

corresponding to the various scenario requests. In Fig. 21, scenes 1, 5,

and 8 are {BgieOoRaERRtcyE Ny 0f- i basdLcs cevtpPesingsa THaedl nhinadd e
scenes 20 (angles 1, 2, and 3) between scenes 1 and 5, and the parental

| ocked sceums cize@dxd andnbedrat weelt Seksest Sthhadl8giar eelchermioisasscene
periods. Scenes taken fromdifferent angles, i.e., angles 1, 2, and 3 in

t hi s exanpkel,cahere dynariaHdriowrsclnegelrPs and kepiddoc&d tder isegspl ayback
in the nufti-angle scene -91 period. In the parental |ocked scene period,
howdver, ONT$ d&de ofVETHK alrhiendile ¥ ehaatyraheBuBbgndlesshihiamg 1diX)f.er ent
content can be selected, and nust be selected statically before playback
begi ns. Wi ch of thebke skEhee FapayeReVial FFoteenthsetiidde manageRent

| ected and duced., i fined by th ting.th i
ol cotor 2DECERAKIE RF GReraty IRF (hSCoRAR DRERFBRLASR #2%5 SIS, In
io 1.jn.H.Q. . 21 t tal - |
cencs, - anhidd@ibe N0 FulE Hedlhedf ooy S8 ibaTBhaRbe BepkRdReailc

scene peri ad +9d1 & lthd e S tmel he user can freely select any of
the nulti-angle scenes, and scene 7 has been preselected for output in the

pangntal | ocked scengnperi@de €btYitBetefesepre ik0 aRises callant 31,
furthernore,
"yvideo file" representing a title comprising video, audio,
and/or still image data.
| The internal structure of each video title set
VTS shown in Fig. 22 is shown in Fig. 16. Each video title
15 set VIS comprises VTS information VTSI describing the
management information for the entire disk, and the VTS
title video objects VOB (VTSTT _VOBS), i.e., the system
stream of the multimedia bitstream. The VTS information
VTSI is described first below, followed by the VTS title
20 VOBS.
The VTS information primarily includes the VTSI
management table VTSI_MAT and VTSPGC information table
VTS_PGCIT.

The VTSI management table VTSI_MAT stores such

25 information as the internal structure of the video title



the contents of the programchain information VIS PGCl is described. In
Fig. 30, the case that a scenario requested by the user is shown with
respect to a VTSI data construction. The scenario 1 and scenario 2 shown in
Fig. 20 21 are described as programchain information VIS PGC#1 and VTS
PCC#2. VTS PCCH1 describing the scenario 1 consists of cell playback
information C PBI#1 correspondi ng +B6scene 1, C PBI#2, C PBI#3, and C PBI #4
within a nmulti-angle cell block, C PBI#5 corresponding to scene 5, -92 C
PBI #6 corresponding to scene 6, and C PBI#7 corresponding to scene 8. VIS
PCGCl #2 descri bing 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
mul ti-angle cell block corresponding to a nulti-angle scene, C PBI#5
correspondseg vrsscene humbelPBlo#t sedigctsiiialiaudio steaand, cantdanB8l #7
corresponding to scene 8. According to the digital video system data
structure, ia sbenwideiocliitdease® F3R,r dhaimumkgr sofcenarpbctsrdescanded as
a cell which is a unit thereunder, thus a scenario requested by a user can
be obt ai netthel Nifeg. tdtle: setc¥TS diematd FreliPrIRqR@dresshby t he user

shown in Fig. 21 is shown wth respect o a VOB 15 data _construction VISTT
VOBS. As specifical IBR&HFRPGS MIPrmationcteRies¥TRaPFGIT1ras@rss de t he

VOB dat a i . W.th t .t i ngl I db
each scenalPBeTo0Rs 1 car PESHIAN AL c dOF VISR of FEEhofaFAg to scene
5, d V i i 0. interl d
b1 ook uhi R LPEREnd IBaRECgudds DIASer ot 1 S ot PoFE o e Ehangl o dat o
commonl y 0&395%6%% S R 0 O ANU 51 & CEREr faL Byhs ﬁ&g;t g%g;gd by

;
a single V pecifically speaking, angle 25 1 is constructed

and angle 2si 8 @ars! hErgd RpressIhg/AHE3 prodgt£m Sch&if PNaha USbRBr Y% e ¥OBHA.
Thus constructed nulti-angle data is fornmed as the interl eaved bl ock for

the sake ofj gwhietld AQ iketaweatweadh mnder ance Skapl agbackpindvehheioal each
angl e data. Scenes 6 and 7 peculiar 5 to scenarios 1 and 2, respectively,
ar el(f or red baeckise A PREAr l#Faaved_HBIC K ¥.or Edwh sekkl oplaphatksinfopmadioni on
bet ween conmon scenes before and behind thereof as well as seam ess
reproduct i & olgkt We@BIle#dh condigdns the playback sequence of the cell

and playback control information.
The program chain PGC is a concepéual structure
describing the story of the title content, and therefore
15 defines the structure of each title by describing the cell
playback sequence. Note that these cells are described in
detail below.
If, for example, the video title set information
relates to the menus, the video title set information VTSI
20 is stored to a buffer in the playback device when playback
starts. If the user then presses a MENU button on a remote
control device, for example, during playback, the playback
device references the buffer to fetch the menu information
and display the top menu #l1. If the menus are

25 hierarchical, the main menu stored as program chain



As described in the above, the user's requesting 10 scenario shown in Fig.
21 can be realized by utilizing the video title playback contro

information shown in Fig. 30 and the title playback VOB data structure
shown in Fig. 31. Seam ess pl ayback The seanl ess pl ayback capability
briefly 15 nmenti oned above with regard to the digital video disk system
data structure is described bel ow. NgZE-that seanl ess playback refers to
the reproduction in a digital video disk systemof multinedi a data

i ncl udi ng video, audio, and sub-picture data without intermttent breaks in
20 the data or information between basic scene periods, between basic scene
periods and multi-scene periods, and between nmulti-scene periods. Hardware
factors contributing to intermttent playback of this data and title

content inclyyde, decofsh vrs9bcendgif hay vk @ispaRyddal Alic & batyeen phe
source dataJinput speed and~t he decodigb speegp%fyihe i nput source’dé%a.

QO her factongsrded i@ £0et MENDI BREEONESVEE Ple1d #20 -1 Pl asdrEdd ond\ien
t he playback data is data that nust be continuously reproduced for a
constant ti o wubnemsraeceésedt heingekthieo numeerist deygade aontlestratote
information, e.g., audio data, data continuity is |ost when the required
conti nuous maswnehi i andtVES_BGAE#1Beands bigherRomb it esprwrid steh

i nformati on whereby the required continuity is assured is referred to as
"contd guous adf b emabnsrepeadacEnbRherofowde fiice Sl uARFMAL | on
reproduction.” Reproduction _of this information mhﬁp the requjred

continuity<ﬁ%ﬁﬁﬁ£%@1%§§ﬁreHTﬁsPFEFefFeHan %s Ehgo =R M§HU SR FH YR &aRY on

duct i " or."non- | pf Iy ion. " 1t ] bvi
Lhat cont | ndSESTHRE: TS RDBrBEaOY | B LR Ao i 1IN | M B TacToh
ducti : ' d Y kon,
Note that s exse FeRrEaniFroneRERRhERR, PN af Uy ST e (i Gibigla
seam ess datg,f&p{odkeyi on and seanl ess information reproduction. Seanless

data reproduction is defined as preventing physical blanks or interruptions
in tie data playback hetaeruk! ¢henselreilctdxptedss@sbyttRé plivhier
underfl ow state, for exanple. Seam ess information reproduction 1s defined
as preventi nreamppanechains @finatieinuphiientabil e.he Ashfaormedu b, vitea
perceived by the user (intermttent presentation) when recognizing

i nf or mat i on Mewas thay pbaybaekliacanahrnetederia aaxrimrsictaps, phydishall
breaks in the data reproduction. 5 Details of Seam ess playback The

"speci fic nethel kpabinhfedehf BiSTREFRAGAE O8N NEN THAYF Aeti¢dbdnerus or

described | ater below with reference ta Figs. 23 and 24. Interleavina 10
The DVD dat S"eYeE eFPRERLBHBIJECLFPOEYLIBETE “are recorded using an

appropri ate aut hori ng_.encoder. _EC a 1. or her_multi ia ti.itle on a
DE/B fﬁcordi ng nedi umgINot('.%g’_et FAC S ﬁ’:f %o?fo\é}vﬁeﬂg_%p?)f%? %?‘1’ ;ng%_rglfISOa novi e
as the multifpdia LLt! enbELRGLREACOTEENsPWedrleddd PGHdpelPVIRUERLNAL he

i nvention sha not so limte
playback device when playback starts, the playback device

references the cell playback sequence described by the
program chain PGC, and reproduces the system stream.

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

Note that each of the PGC information entries

25 C_PBI #j contain both cell playback processing information



Supplying a single novie in a format enabling the novie to be used in
plural different cultural regions or countries requires the script to be
recorded in the various | anguages used in those regions or countries. It
may even 20 necessitate editing the content to conformto the nores and
noral expectations of different cultures. Even using such a |arge-capacity
storage systemas the DVD system -Hivever, it is necessary to reduce the
bit rate, and therefore the inage quality, if plural full-length titles
edited froma 25 single common source title are recorded to a single disk
-96 This problem can be solved by recording the comon parts of plural
titles only once, and recording the segnents different in each title for
each different title only. This nethod makes it possible to record plural
titles forarfd i fé€IENinformaticon tablalt urhe teld Plaiadtpredesh bkg

wi thout reducing the bit rate, and, therefore, retaining high inmage
guality. Asfdwowation FcgmpRiseshtheéi presessiogddshficormatsionlmeeaidd clad di sk
contain basic scene periods of scenes 10 conmon to all scenarios, and

mul ti - scenepreduce thataehl ngsyebnas shecpresendatdamitimgandios, to
provi de parental |ock control and nulti-angl e scene control functions. In
the case GTURRRE 2 cFRRELLIBERNEoNt MBFef Eﬁegilgﬁ,cat]iltyl re NGt FRTRR Bkan

Lo iSRS Rl oB L8R BoRECE PR Ritn S YRR ISR of common
, adul t hj ; (S {
chi oved BPARTESE g ePRh L AP B LR YR AN R T el per i ous
bet t i hHed | el 3 b
achi oved i Thh CongcATT oG e, AEfa. BRCPEOTreld Rl ng " P

mul ti medi & sspfes 9LAR188d Bigiecehdhge thagswhicact fvsamdde desieed
plural camera angles to the nlulti-scene periods 25 arrayed between the
common basdaS€eA@IPeES 0dsrvdiBtesa, afd kheevaist tduall Wuswe dtese plural
scenes are described here as scenes recorded fromdifferent canera angles
(pd@i ti onsgddressv €| LWeBUbSRous that the scenes may be recorded fromthe
sane canera angle but at different tinmes, 5 data generated by conputer
graphi cs, or other ¥p#eothataseamdesgaird aydPasharerit ¢es vieentef f er ent
scenarios of a single title, it.is_obviously necessary to nove, the, | aser
beam LS fr%ﬁﬁ?%@”%ghﬁﬂnl§c€n€18éFéltUlFHQ A s Kc SRR Qfh ayeE Hmedit 2 ng
reproduction, i,e. o nove .t he opti.cal _1Q pickup to a djfferent. position
on the DV&%&QK&H?%@éﬁBEiﬁﬁFﬁel.a ﬂéoprBB%e 4%§é§qﬁyﬁﬁuéa§?m¥%? Y equi r ed
to nove the tic Lcku Kk Lt difficult . tinue reproduction

wi t hout cr%%flﬂﬁlg#% tsgfgag%e$§u§%8 gFESiggb;ﬁféggE%%P%Ust%?%m 23T ess

r epgoduct i i o] 0 15 b r ety I iding a
trggk Mﬁfé§5¥%%$§ag$b§%§§¥gg§80§ntgeggﬁquggﬁgégﬁiﬁL§%§¥éﬁgﬂﬁgﬁgguivaIent
to the worgitRCcee88rbhBB. thnrdgneral andatragr.eearded to an optical disk is
read by the optical pickup, appropriately processed, and tenporarily stored
to the track buffer Thé&heell block 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



20 stored data is subsequently decoded and reproduced as video or audio
data. Specific Problemin Interleavincr The operation of the stream buffer
2400, or a track buffer, in this DVD systemis described briefly 25 bel ow.
_98_ Because rotational speed control of the optical disk drive cannot

i nst ant aneously adjust the disk speed, the input to the stream buffer 2400,
i.e., the transfer rate Vr fromthesgptical disk, is a basically constant 5
rate. Qutput fromthe track buffer, 1.e., the transfer rate Vo to the
decoder, however, varies according to the inmage quality, user intent, and
even the variable bit rate of the conpressed video data in the DVD system
The fromdisk transfer rate W is therefore constant at 10 approximately i
Mops in the DVD system while the transfer rate Vo fromthe buffer is

iable t [ 0 | i nput d
out put £ REPERER, HEs SO SREALAR: ety ot Tt L 08 er o 1 1
data is t r?ﬂ&ﬁ%&%@.ﬁg"%ﬁ%t”%'déf]! G H el pbdttPeeh Otkesh OF PLE¥ CRRgt Ne

stream bufter 2400 of the reproduction apparatus overflow ng, data Is
transferregdakit eenit apt lthaft ynddxe, di sk. The stream buffer is controlled
during normal continuous reproduction to always be in a near-overf |ow
state. 20 It is themieorceYbssiddtle bypesCB) adehtisdirebuther t2$@00of0 sustain
continuous, uninterrupted data output (reproduction) even if there is a

sl i §ht brethei bldaka indddiatpddyn thes el bfbldek rredie heBM. (opercal pi ckup)
2006 junping to nove between |ogic sectors LS on the disk. In 25 an actual
repr oduct i e¥a@pp&r avhen Fowdidiirkehanakd fynrtiongys epgbledy bBReween 200
nsec and 2 sec dependi ng upon the distance and position on the _di sk.M

Wiile it i|Sepdsdnfremad COXGSSRARMAT O vt htRepEePT9duGEPLe ent
t b b thi i ti th i it tel 4 - 5
2,200r0 LILSSRUTD, Lol e PUnsl oF A FGiEciaeat By augtace 4
fSt oring hi HQEQH%HJ&Y A RALS -aﬁ%S%#[é %ﬁ{%?&%é&pﬁ?ﬁ&eib%l‘“Qfgckg.”%“g
rom any di SK posSition to ‘any ot her i S system i nposes Significant

Menpry reqybrSrerl Sy raew%@qd%ﬁ%mnsaﬂ@l&ecm%&%eig ﬁfgeﬂse the

anmount of nenory that can be built 11 to the decoder is therefore

limted iftgpeoshT eoheddare qydut trsat dobeckmrketed, other limtations
are inposed, e. g., limting the junp tinme to a tinme whereby data can be
contiquously r epr odurtesl. sdam Tdes r el ayback hf pagesRPes imba yvadadidhaiesd dat a
whether the corresponding cell is to be linked and played
back seamlessly with the cell or cell block reproduced
15 immediately therebefore. To seamlessly reproduce a given
cell with the preceding cell or cell block, the seamless
playback flag SPF is set to 1 in the cell playback
information for that cell; otherwise SPF is set to 0.
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



quantity in the stream buffer 2400 and the operating node of the reading
head 2006 is shown in Fig. 32. In Fig. 32, period Tr is the period during
whi ch the optical pickup reads data fromthe optical disk RC, and period T,
is the 20 junp period during which the optical pickup noves between | ogic
sectors. Line L1 expresses the change in data volune Vd stored in the
stream buffer 2400 during the data +&hed period Tr. Line L2 expresses the
change in data volune Vd stored in the stream buffer 2400 during the junp
period Tj. - 100 During the data read period Tr, the readi ng head 2006
reads data fromthe optical disk Mat the transfer rate Vr, and stores the
read data directly to the stream buffer 2400. The stream buffer 2400
supplies the data to 5 the decoders 3801, 3100, and 3200 at the transfer
rate Vo. Asré@sétswhén théacallutisl pleyeidn bakk ;stwheamirddieringdOphsuri ng t he
data read period Tr at the rate Vr-Vo, i.e., the difference between these
two transfesystemstibBecalisekt BECr éadnegelsesacy2,00hde STHwesptivimgcesg10 a
different disk position during the junp period Tj, data read fromthe

opti cal di sSkTGPEahaosebetotdred to the stream buffer 2400. Data continues
to be output fromthe stream_buffer 2400 to the decoders 380l, 3100, and
3200 during this perI8® SEeHFSS afivd e ihandsint}ad et Rt 8E9BRENR Vd 15

remapning in the streambuffe 400 decregses at t rate at which_data is
L andf er Pedve bUenEnaLeaherg. vheEhe?, podetd S mpt Ao fh Bokate ( he

data 20 tronardre Bs' PRERGERSR.BeaaRiatY A AP AL IR, B iR e
decodi ng t'gﬁﬂ%g;egﬁpggcegdgasm&gsghet @t a grsszﬁggﬁ#'éﬁ%ﬁwfa&re

omtted to Si déscription d6f the bu ow concept. This is

equi val ent §pckhesr gadi g headtR@OGikeaditng dajex A idternittently during
the junp period T}, even through the - 101 reading head 2006

continuously reads frmo@ tdeq loprietantditsiorM ttimé@ C©OoPBTMNeéxpraeaesveheaci ty
(CLV). The slopes L1 and L2 of lines L1 and L2 above can be expressed by
t he10ol | owi aglegpatsensatiohl timer witho vitled Zrand gdcismilenf | ow occurs,
and decodi ng stops, when the junp period Tj is |long enough for stream

buf fer 2400 to enptyThef firsy @edpMABH shart ¥dixesd FcEYOBHaBRAtAS tine
10 required for the stream buffer 2400 to enpty, however, decodi ng can
conti nue wi ERBuVORH: gtrrterfdpessnet e ftlirrﬁé'y &elhi Bh 3 Heleeadi AR hésd

2006 j t t her .di sk i L i t hout data dnderf| t at

ocour g | ALPacEPFEATELRPor P28 B il TS cLoTHe FeibeEntbl BB 15
time . Notecthal while.physic LQYEN t j ead 2006 has been
dlescri bed aggﬁsfgag’?gb‘ églu)sé?ilﬁg%larsg%t\igﬁ%nyggﬁ 0 s%lgf-géﬁsfhaegs g%%rlnrgt%f fer
24045 the fgll eungufidetobs @l gzntribute. Note, further, that this data

& !
20 underfl ow state can Eg sinmply characterized as a condition in which data
input to the track buffen <4 ram brdders2400) ad@esssot_keepupaaeiwi th data

output fromthe track buffer. a) The buffer is too smalT relafive to the

decodi ng .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 (VTSTT_VOBS), i.e., the

multimedia system stream data, is described next. The
system stream data VTSTT_VOBS comprises i (where i is a

natural number) system streams SS, each of which is

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



25 speed of the decoder. - 102 b) The sizes of the individual input
units of the plural VOB types carried in the reproduced bitstream St61
input to the stream buffer 2400 fromthe bitstream producer 2000 are

i nappropriate for the buffer size. 5 c) The sequence of the individual
input units of the plural VOB types carried in the reproduced bitstream
St6l is inappropriate for the decodéhg speed, resulting in the next data
unit to be decoded not being received in sufficient time while decoding a
particular data unit. 10 Wen the reproduci ng apparatus of the digital
video disk systemis configured with a disk read rate of 11 Mips, a maxi num
AV data conpression rate of 10 Mops, and a track buffer (stream buffer
2400) capacity of 4 Miits, for exanple, a data underflow state will occur.
To preventydg ghis d@Ba#lin@@Enfdrq\éie%t ate 1ehem erainvideh At bidek | unp
period Tj in a reproduction apparatus thus configured with slight overfl ow
control neinternedvedr wighnapnilo @omaimmms eilgithanidia d@d dcks
junp-enabl ed time of 400 nmsec can be assured even in a worst-case scenario
where 10 Nopd op AY BOmdaﬁmUMS3ermmmmiatumﬁﬂdq}aPhiqqm$.period. Not e t hat
a junp-enabled tinme of 400 nsec is a realistic value that can be achi eved

i n act ual reproducUEﬁ¢hﬂMﬁﬁeﬂlﬁhﬂﬁcﬁrVQﬁnﬁPQ?F%&@%r@tﬁ%hﬁhe di $8aace t hat
can_be junped during a 400 nsec period is apprOX|nater 500 25 tracks. It

f ol $ ows thﬁ%tﬂﬁélj Bﬁﬂbéﬁa\blcédltsl 7 1can Cé‘lqso l?é‘c celgh C (TRt es Hat a
quantity t eclflcal e volu tial eam t hat
t he reading ﬂ%%ﬁ 068 8aﬁaﬁé§@ﬁtﬁWgﬁ§%% tﬁ%jééin) Eﬂf&éﬁ? %% ~The
dat a voluns ﬁgUl¥alent to a 400 nsec j unp- enabled time is approximately 5
250 Mpits. T mf al so be obvi ous that the actual distance in sector and

track units on the rg é:iﬁﬁgggxﬁhEQSng@ 8@§bf¥sﬁ9t?iﬂﬁg fromthe

data vol une deflned as the Ju di stance based on t ecor |ng

met hod~andy FSH? gflcfthaeerse@afpdl RGATRA L B LD %@%M\;&mw&@l e distance

i s equival ent sec. presentation time assum ng AV data reproduced at
anigver agecéri«/elsbabae@g Wot Rhev @l ayikgie cfuaddily pMskt a, , the

presentation tinme is less than 50 sec. In novies and other data streans
edi ted to geonpeofiaptiictuirass $©nes Nk that the group of_ pictures GOP
corresponds to the video encoding refresh cycle. Each
video object unit VOBU also starts with an NV pack, i.e.,
the control data for that VOBU.
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 Stl15 shown in Fig. 17 is the
compressed one-dimensional video data stream encoded by the

video encoder 300. The encoded audio stream Stl19 is

25 likewise the compressed one-dimensional audio data stream



15 to cultural, educational, or other reasons, the excised scenes are
typically long, usually ranging from2 to 5 mnutes, and even as |long as 10
mnutes. If the excised scene lasts 5 mnutes, for exanple, with the above
reproduction apparatus, it is not possible to 20 uninterruptedly connect

t he scenes before and after an excised scene if the before scene, excised
scene, and after scene are recorded gpo-disk in a single contiguous series.
More specifically, the data corresponding to a continuous 5 m nute scene
cannot be junped in a single junp operation. - 104 There are also cases
in which the AV data conpression rate, i.e., the consunption rate Vo of
data fromthe track buffer, approaches 10 Mops and non-occurrence of a
buffer underflow state cannot be 5 assured, even when the excised scene

data is j“’m?ﬂiﬁié’:giﬁ%j&ﬁ@ ﬁ?&ﬁeda;ﬁi %@eegkageéoguﬁ&%c-ch\émrleqdiuch a data

underfl ow state ‘can conhcel vably be avol ded by recording two AV data

scenari oS, dndode®Xsy St (£64160:n888e¥N705CT SRALtEURRIL! @fe SCRIIY I 0S, tO
di sk, this nethod does not nake 10 effective use of the avail able disk
capacity. Ididral sslidBD meEepaalymitedetor d dupkiecakdgthialy fagia msh
presentation tinme, the AV data will be low quality and it will be difficult
to satisfy aizcsd hsea mxpeitchanoed. sTheoundeegptindf sdyarilng dat a bet ween
plural titles 15 is described belowwith reference to Fig. 33 wherein TL1
and L2 refer to theThat aysbeamestrepmy (tiitde pddtsiaebmnit tYeB) St3s
respectively. Specifically, the first title TL1 consists of data DbA, DbB,
and DbD repkdticere HhreREbeBfy AGFRHgOfi RBCKS XaAdh Rebydeomdag tle TL2

simlarly consists 20, of data DbA, DbC__and DoD_reproduced conti guqusl
during 1] mERT SRRTIAT Hat BRI PEESePEErSahs BBOTRVATA dod (AT -BIIES Vo
with display tinmes T1 2, T2 nd_T. pegtively. \Wen two titles TL1
and TL2 thtiésla%%%lw s%% %?%%%E%?dealgg g?%k SP‘he g‘atsé:rsetaft‘eé:rﬂqtsroélt RS r ed
wi th 25 dat edsdat a-0 0 it | A T - 105
and data Db% %%%%ﬁ% %?@%ﬁg%g%gf;g? {tl[a"tt |§s e?ﬁflé#d% L(%’OB)
respgctivelgpasel ecdivedy 88" gdyeRAifdY’ bRItsRl ©4WedN SR yHA @syddtpwn by
title TL1 2. Note that while there appears to be a tine gap between the

dat a bl ocksrhis Fredm38onthbs packi ipl vatldelathle tala® ifghe iuge gfciarrows in
the figure for easier description of the data reproduction paths. There is
no actual tNWe, gapd drecorndpl thibadktaTherhogementhdmelihe syt adntstiBantks
DobA, DbB, DbC, and DbD are recorded to disk in title TL1 2 to enable 10
cont i guous argrodyer i opnbfolhéndarmatdoshown in Fig. 34. In principle, data
bl ocks DbA, DbB, DbC, and DbD conposing a single contiguous title are
recorded to conti guodiBesefreres Jrdere skaean &’Hf%li%i’{:flt helenredetg. 9).
Thu data Db DbB, and of firs i,tle TL1 are fir.st 15 recorded
conf?guousI%Hééﬂdsg%%a?o?ggggarﬁypa§#§¥bﬁesuﬁpqagtﬁb Ssecond title TL2.
Wth this d hge first _t Lt n ont i-guousl vy 1. duced
wi t hout br e(gi%%%gﬁ%i?étﬁg t’fc}%t gk% Tte?l. ék,}eég‘aﬁlgggs% Y, %‘;é errée e o&g

control I i ngadwesﬁéaﬂi P4 Fegd 2908s! Bapgeess v‘i% @2DbAr3 DRB, . 20 andl £PD

synchroni z to pl ayback périods T1, T2, and respectively. To reproduce

the second 43} 183TL2, hpwe¥gbwnt ha Feadi N9 ,head 200k dReds jd4® past data
DbB and DbD after reproducing data DbA in period T1l, and nust reach data
DbC 25 bef oigtéhkeatvadt inf tper apgdropraatehewauance ramy sSEteen nstream
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 streanm is

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



- 106 Fig. 34. Then after reproduci ng data DbC, the reading head 2006 nust
junp back to data units DbC and DbD as shown by arrow Sq2b, and reach data
DbD before the start of period T3. Because of the time required to nove the
readi ng head 5 2006 between data blocks, it is not possible to assure

seanl ess reproducti on between data DbA and DbC, and between DbC and DbD,
unl ess the distance travel ed betweexn, t hese data bl ocks requires less tine
than the time required for a data uriderflow state to occur in the stream
buffer 2400. 10 Definition of Interleavinct To thus enable the user to

sel ectively excise scenes and choose from anong plural scenes, a state
wherei n non-sel ected scene data is recorded inserted between common scene
data and sel ective scene data necessarily occurs 15 because the data units

associated with indkvidu%b gcgges are contiquously recorded to the
recording tracks of YPhE FBRSr &PfgSFENENRS 104t &7 F1%enttead in the

nccossi ng SUERbenuPRoo e TEARE FEEACHTE M ol UEAR TRl efirmect | ons

accessi ng and decodr ng scene data, and

with the [ LELLGU I AL eSS
characterﬁ%%?ggfg?éﬁﬁgﬁd?gfgg%Eé?dtgcggggngzggg tc%L\r/vev r,]%§§e§§%§h1ess
ConneC“(NE?éé&hréB@r&fh@?&QQYESQH?SaﬁasﬁbEEQrmb%dE!EH'ﬂMVéH%nHE’fﬁ”'tt'ng
scene-specific data 25 into plural units of a speC|f|e§)data sl ze, and -
1075 intertipavébgnal upabcePsihgdBsd YARbSI ef @hedDDEls3iYt i QI STddbr
predefined sequence that is recorded to disk within the junping range

wher eby arpbaxral uadéié| datst ané gderabosubepicture idatpos@daphias repr oduce
the selected scenes 5 without data interruptions by intermttently
accessi ng daabetodeng vhdedadatapupiti ént 8 shagdel dotted lsmarmss MREGg t hese
split data units. Seam ess data reproduction is thereby assured. Detailed
Def i ni ti orSHFteRt FFeani napd16hereb¥eaRrbiS EBfnESEF IaHRFtartdslat a

splitting and arrayi ng,concepts Qf the present .invention are described
Dl ow us rEPEHEE L FaERTAG SRR APt SEPSRLPERT Pafia e b HEPRRSAL | on

b
ratg Vo described above.. Refgrring _again to Fi.g. 32, .the qfta consuypti on
15 are Vb RE eIt R ckne ThanersReiire 0 e SYogeR dmapn fed
di fference;,ack ggtg VEY By LkEehedd ahothie ity er. Vr, buffered
in £ . o inf §1%. 1é7§§a '
to the tracka%u?gggy nd stored,yang IS t%en consuned (output to the
decoder) whedseribeaopéisgl pickup noves to the position of the next read
data. 20 To prevent a data underflow state even after nultiple repetitions
of this operation, apliih #dga ami,t theopazkdafizel arodowed ofidséa for each
scene are distributed at an appropriate interval. This method of arraying
data to asstreasedhlBsisdahawnepnoBliigti 38 ms ¥al,l &2 ," ivs,ertaeavi.ng,I'n 25 t he
split data units of a size sufficient for buffering to
15 this example, however, there is not just one encoded audio
stream St19, but three encoded audio streams St19A, St19B,
and St19C input as the source data. There are also two
encoded sub-picture streams St17A and St17B input as the
source data sub-picture streams. These six compressed data
20 streams, St15, Stl19A, Sti19B, St19C, Stl17A and Stl1l7B, 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. 1In general, each group_of pictures GOP

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



- 108 the track buffer are called "interleave units,"” and the interleave
units after interleaving are called "interleaved units.” Wen one scene is
selected fromplural scenes, 5 interleave units are required far the plural
vi deo obj ects VOBs conposing those plural scenes. Twa interleaved units

I LVU contiguous on the time-base and belonging to the selected scene are
separated by one or nore interleaved units ILVU bel onging to another scene
inserted 10 therebetween. The distance between two tine-base-contiguous
interleaved units ILVU belonging to the sane scene is defined as the
interl eave di stance. For exanple, 260 nsec is required to nove 10, 000
sectors using an optical disk 15 10, 000-sector novenent of the interleave
unit distance, the ILVU can be determned fromt; track buffer input and
output th | Ze: 0 Jﬁk] $ : %Q ogRpr eg t.a i s being
recordingggéﬁ¥§ﬁ4I4 %éq%gtﬁgé.g%i% u%ngé?ﬁeggigégo O%ﬁé%interleaved

units ze diftfienence belyeen 4 hiRASERENE AbESKY" whREN e s et

assune, for exanpl e, output at a constant rate using an 1 nput transter rate

Vroof 11 MaRsqeib atdWohtaNsing, rebe ¥Ranb18, Vepe, randta drisaglk buffer -
capacity of 3 Miits. If the distance between interleaved units ILVU is

10, 000 segietwer hitterisdvéee dmoaghisnabsbeanedrupated YU e tapp nput to
the track buffer to accumulate therein a - 109 260-nsec equival ent of

pl dyback detit hisfterevabe rkechwuge helael gooep. cfnpgetarals, GRIFBMnd tiss i s

equi valent to 260 nsec 5 10 of playback data. To store this nuch data to

t he track baggeromeihe evidr? g bt veleang hngr Fagy aympert ©f) Midesour ce dat a
nmust be input to the track puffer for 0.7 sec. at _the difference between
transferlé%ﬁﬁﬁﬁﬁp%ﬁuFQR)?@4?0%@5V%W?IFE§-B?tEEVF%/§§~FheTﬁ§43¢ﬁeneeded to
read enou%g.source data.£r0n1$he recgrding medium M to stor%isuffgg%ent
data to t MEMASRERIRETRS v pt OVF dEEBF VaAt 45 BREERFEEG 1By HefdiQ&Dder
while the ti i S i t 1 et .i;nterl.eaved unit | LVU and
can resumt T $aATen iRy 8 the AEa1RRIhRkTRIER S & e,
Ihy M i MUBAJY SfLaRVeds UL, STES 11 0Csect NPetarelaiP WY e G [hat must

be read, is ore 7. Converted to presentation me, this nakes

it possibhgilto, | NtErégaverddbitatidn €iRéeseNtahteGubu® Al Yosec. or
greater with presentation tinme intervals |less than 20 seC. between
interl eaverthits tiss Byss etheh ny $8€. syshemahaganteagndanf ipitiy tfgmt e, the

m ni mum accurul ati on read time can be reduced, and the size of the
i nterl eavatharvidecanbe otdihedpliiral sGAPsunpbssiilsl dnterleeeabdd e
junpabl e tinme without changing the interleaved unit size.

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.



One net hod of connecting scenes is shown in Fig. 25 35 where the foll ow ng
scenari os are possible: scene A - 110 connected to scene D; scene A
connected to scene B, which is substituted for a.certain tinme segnent of
scene D; and scene A connected to scene C, which is simlarly substituted
for a certain time segnent of scene D but for a 5 different tine segnent
than scene B. In such cases, scene _[Rsis further blocked into scene segnments
(scenes) D1, D2, and D-3. The system stream corresponding to scenes B,
D1, C and D-2 is the output system streamoutput at transfer rate Vo (= 8
Mops). Data is input to the track buffer at 10 transfer rate W\r (= 11 Mops)
in the scene sequence B, D1, C, D 2; the data size of each scene is
greater than the above value (= 0,96 sec.), and can be arrayed within the

di stance that can bewﬁg{,rphsgﬂpgimgﬁntﬁgg?egggq gqt?_g%%‘ as descri bed above. 15
S

However, when scenes W e Sane starting poin 0t “FiSferent end
points, e.g. NG and,, DL iPs bR e sesint ekl eaved, three
di fferent g‘f&%ﬁ]l st red(;l%’rrtstq:f)eecorrep#rll?le(rrJ eg?/%gg}j{rli ﬁséé' é'ln e‘rlehgd correspondi ng
to scene Dyl dtWbriMtsiS MBSt Tt RECORRBeL NEAVERaAYABKEURMURE 2Q dhg.eri od
corresponding to scene D2, and processing tends to becone conplex. It is
t heref ore nBftRrOGEEEY VIEM | dé£iheAvangt pkhbeh dsdeheobhekt hrudBR:t 0

i nterl eave objects having the same starting and end points, thus

sinmgdifyi nqmitncessaly. gt _cfinp betaresnpOPslisdnasmaldwn ai mnfity. 36 25 by
copyi ng and appendi ng scene D-2 to scene C of Fig. 35, - 111 thereby
uni fyi ng t leed@iningtappreripitely @cenBsseéfver g8 wadecodaset,, wihigh t he
starting and end points, with plural interleaved video objects VOB. Wen

i nterl eavi i HBHSHA IRNtaNEP cHhmRYeegnE_ERRR FAMehEegRdres T@rdd® di sib

system 5 therefore, the scenes are inter]eaved with the_starting and end
T hEe  hortlAman s dindl e viEt Lai REckoRlehs beRsEaL Ny p et IaAN Gy

detail bel ow. di g-vid ] i bed . b i
exanpl o of WALrTUEI PN (R (FHES | RYSFRGE: BRICTRAR FREQIT4Mi g mothod

arrgqs aud%%g&@f&i@{ﬂép&ti on having the sanme tine-base so that data

inp to t er at approxinmately the sane tine is in physical

proximty, and data gRbLt StPayhNfadRBERENFRLHAL A iSHTRJH SRRt { 9N 15
time are arrayed in alternating sequence. When one scene can be repl aced

Wi th anot hethe Ciritter Tedvéd e¢iGe6 ) asdfioyi eAd Bavepietuhlee daitae garivea
these plural scenes often differs. Wen the AV system streaminterl eaving
met hod descardrberl @boirey | sShappystemi atsaeh dasdsscrlibedeosden sddite 20 tine
di fference can be absorbed by the buffer if it is within the junpable tine.
| f the betwafierener t9 neidi f 12r eAseshewyr éat EAdthdA .t Fhe dayabl e ti e,

however, the buffer_cannot absorb the difference and seam ess playback is
notI%ossiMQQntalned in the system stream 1s recorded in a format

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



-112 If the track buffer size is increased to increase the anount of data
that can be accunul ated at one tine, a longer junpable tinme is obtained,
and the interleave unit and sequence are nore easily determ ned. \Wen
interactive 5 operation enabling the user to select from anong pl ural
scenes (e. g., multi-angle scenes) wth seanm ess pl ayback, the presentation
time of the previous angle stream Lggincreased after the angle (stream is
changed if the interleaved units ILVLT are nade | onger and the amount of 10
data stored at one time is increased. This also results in nore tinme being
required for the displayed streamto change. Interleaving is thus the
process of optim zing the system stream arrangenent in data block units to
15 prevent a data underflow state fromoccurring in the track buffer of the

aut horin er.,s d S i t rea rce
IS consu%egﬁggT'aﬁ%%ﬁ¥ggﬂg%pﬁ%e ecodéréfgsngfgé %gﬁégggP ?ﬁfg%ggtghgﬁp
under f | ow ghat @yist drll e RENBEdN e NOVRNESt tRE FBEePBhceak 1Rk Yoy t hough

there are | esser factors such as the decodi ng speed of the comrunications
(decodi ng) tsysteattide dasidat sEyeatidn of whehoptichalipkc ke iias az pHePl em
when the optical pickup scans the data recording track TR of the optical

di sk Mto XHgigad datdeo |disk) dawenger s tise mepdgdmehén specdifdionga he -
113 data to the data recording track TR of the optical disk M The
decddi ng spesdwifdudie disimumiayerancanykecusedn ahdoabyedeweacsr dllamk when
the source streamis supplied directly as occurs with |ive broadcasts,

cabl e teIeﬁQﬁ(ﬁhQSQQﬁP£%¢m§Y%EQWCb§e PYRECY RPafSRPESEEAY, PECYIdEsst
satellites and other_radi o wave, tr nsni&gions“ nd ot her neans whereby

title content is notThepPRgkeEdfRrERFa” cﬁﬁaﬂﬁgr JiGPR e user ' s’ si de.
| h the t 11ted t i | d. ~

It orl oavi B AT D T & SPR TS T8 Bort hed 109 heen Asae, Wtk oby
the data codiPdd Ny SOULE 51468 EAMPRE SHREKEAULES IR Al Qe Pl ural

conti guously 1 nput source a blocks is arfanged In a particular sequence

wheygby the,fiasi (@th (ASESSLS4)uSPy ce fRbappaBeRBatl onNiand ey Ym&d
sequentially accessed to contiguously reproduce the information in the

target ed s@Eihdlatithe ThEndusatwRicRf th8egedknt aatat bentaudiealatay t he
i nput of the target source data that is to be reproduced is therefore
defined as ddretginmgd timetloé paekentehdveddebeontitpht 26 Ithesipdwybauk not ed,
however, that an interleaving nethod for arraying on a random access di sk
nmovi es and ottt coffren beingsdespdead ni AgdsEbredssrddnicotsimehattamy IRSnch
and reconbi ne_ according to various scenari Qs in a manner whereby video

obj ects VOBebes iy vimeAtavRios EBRpYédead SiFeR™ &oaide Rengt h coding
h0 0% Do codgd L uSERCE DF N ED BRERERS, Wi d Yo ff i T ook
IS SO OB QUEEREE N 1 UBADC IR 0 R L
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.



When applied to a DVD system as descri bed above, these video objects are
distributed to positions (navigation 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 inage
mani pul ati on processes or intra-frame codi ng~inserted for higher inage
quality. This nmeans that the |ocatioqrsof the management packs (navigation
packs NV), which are dependent upon the presentation time, can vary. 15
This means that the point at which the scene angl e changes or the opti cal

pi ckup junps to the next data block in the playback sequence is indefinite.
Furthernore, if plural scene angles are interl eaved together, the | ength of
contiguously read data is indefinite even if the next junp 20 point is
known. Thus, the dat nd in Lt] LS 0 I fter. ihe ne ngl e
data is read, and sw??gﬁ}'?\ggt ﬁécgggﬁb{éggegﬁ: g’gi gﬁtﬁs%&%ngagé aﬁfg p%%azent

nventlon t RASIAIE d¥ QM HE7 enlmLdRlRRd-aRPBEAENS TP G 3aN ess data

reproduction using an 25 optica ing a data sftructure whereby data

is shared prildre Rioesn Pl i atnistémBodomehti sicerhly inkiehitAdr R
avai | abl e optical disk space, and a new function called "nulti-angle scene

reproducti omisdcd e hd . audiEo N4 t@dother appanatie MPEGhaudies &uta,
invention are described below with reference to 5 the acconpanying fi gures.
| nt erd eaved arldcularghi dohes | éave; uprivdbe patckekeavicagrieishddheerradd i ng
seanl ess data reproduction according to the present invention is described
bel ow wi t h pefaketncnd O$I gpagdetaind Fig. 37. 10 Shown in Fig. 24 is a case
from which three scenarios nmay be derived, i.e., branching from aone video
obj ect VOB-A to one oPTpvakgl Pariessobj adfs 2veB SRR SRl RAEEE:, and

t hen nmerging back agaip to a.sjngle video_object VOB-E _The actuagl

ar r angenent adt%'sgp’fﬁ‘()%?% q2 %r?j’éﬁatoaﬂddg{’galngECOra‘}Wg ptrr’é’aa:eﬂgaoq?

disk I's showy 1 Eieo 3l EBTertd 0040 ELgead 7oV ORAM OB Al Voo

objects wit H."Iienadepe re-an S, are 1n principle

arrayed Lo SANAANONSaRLBCks 8909054268 SROMILLRIBkGr L atl AW DARK

start” and en I mes o and VOB-D are aligned during
i nterl eavi ngiat-q‘edéf‘iﬁééle@yeﬁrﬂaaﬁebeéKétaﬁemEE}eﬁer eFidRY & dmk 4o a

contiguous interleaved bl ock region. The contiguous block regions and
interl eaved oK t@geongoaresyhepd MheheNPLH or AC-3 encoded data.

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

15 The data area is the field to which data
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 conmpressed 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



disk in the track path Dr direction in the playback 25 sequence. Pl ural

vi deo objects V08, i.e., interleaved - 116 video objects VOBS, arrayed
to the data recording track TR are shown in Fig. 37. Referring to Fig. 37,
data regions to which data is continuously arrayed are called "bl ocks," of
which there 5 are two types: "contiguous block regions” in which VOB with
discrete starting and end points arg contiguously arrayed, and "interleaved
bl ock regions” in which plural VOB wth 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 YOBS) consist of blocks 1 - 7,
inclusive. Block 1 contains VOB 1 alone. Blocks 2, 3, 5, and 7 simlarly 15

di t el t ai VOBS 2, .3, 6. .and . | 2. 3, d 7 t.h

Cone ] cuou et Ta HEReE itpepni RREnkly PooRER Sidda dudfir | SigratV®
interl t i b i d VOB 9

: Rt :;I Z:zgrga){ 0g tlhqg?o#ié%% gggﬁgggggrg%alttﬂésg%elz"r?tt\e{ﬂ%egcvfegnbI ock regions.
The interRaindd s sty UcbdEe OBotheceABERREOYS thhadke e iR i N

Fig. 39 wwth VOB-i and VOB-j arrayed as the contiguous blocks in the VOBs.
As descri hegtav ¢ddigd ecgncBet AsEiginl€heVakygiitand WERqd did deydtem 25

contiguous block regions are further logically divided into
5 Because MPEG video data is compressed with
variable length coding, the data quantity in each
group_of pictures GOP is not constant. The video and audio
decoding times also differ, and the time-base relationship
between the video and audio data read from an optical disk,
10 and the time-base relationship between the video and audio
data output from the decoder, do not match. The method of
time-base synchronizing the video and audio data is
therefore described in detail below with reference to Fig.
26, but is described briefly below based on constant bit
15 rate coding.
The navigation pack NV structure is shown in Fig.
20. Each navigation pack NV starts with a pack header PKH,
and contains a PCI packet and DSI packet.
As described above, the pack header PKH records
20 the time at which that pack is to be sent from stream
buffer 2400 to system decoder 2500 (see Fig. 26 ), i.e.,
the system clock reference SCR defining the reference time

for synchronized audio-visual data playback.



- 117 «cells as the playback unit. Both VOB-i and VOB-j in this figure are
shown conprising three cells CELL #1, CELL #2, and CELL #3. Each cel
conprises one or nore video object unit 5 VOBU with the video object unit
VOBU defining the boundaries of the cell. Each cell also contains
information identifying the position of the cell in the programchain PGC
(the playback control information'ofgthe digital video disk system. Mre
specifically, this 10 position infornmation is the address of the first and
last VOBU in the cell. As also shown in Fig. 39, these VOB and the cells
defined therein are also recorded to a contiguous bl ock region so that
conti guous bl ocks are contiguously reproduced. Reproduci ng these conti guous
bl ocks is 15 therefore no problem The internal data structure of the

i nterl d bl ock i j i IOk i nt . k
gt one. each vi deo SAFSCE CTORARME (it find ket lbdiErall ShSRHEL SN R g
the inter qufgafpi h8a! Y1201l RR Wdorh AL MR e i dpifatel y

arrayed. oundaries are defined i ndependently of the interleaved units
| LVU. For exesm!Rcr¥PB-k is divided into four interleaved units |LVUKI,

| LVUk2, 1LVWk3,7and |ILVUk4, and are confined by a single cell CELL#k. VOB-k
is |ikew #h&5pdI vdrdrant tnfoumaitiber |(@QIeGIYnidesslarddn thd [AAddlay LVUNSB,

- 118 and ILVUmM, and is confined by a single cell CELL#m Note that

i ns¥ ead oftimeiafl theeflirstl vikeor fCEmerhthen &tastt R loariiPRIOB- m can be
divided into nore than two cells. The_interleaved units |ILVU thus contains

bot h audi ol FRRP5SyPEYD) daBY Fhet Hd SBLayptdmehQfn the Bapt 4oideqLrame

| LVOB  arETOVRES, OF r SRBP b VOEPLE: Bt iraad % e nRabndAnE V4R ar o
the'i neer 1SaiREE 1L P Bith.SY3sR, it BPSES IO LA Citence. 11 i s
el ur al - Scancs. | amHSr ASERE GTHAMICIAN ANCH Medh PO 1 20EIEC © ON°

| njgrl eavi ngmpr 0gess) f HERBBE LRecRRlrS R dRDIOMUald on of scenes
fromvarious scgnari o threads in nbst cases. An alternative for achievincr

| nt er| eavigetr SephasAgr epaedUGH @Rt Rind¢e VaBIs iHEre therahides eiire three
possi bl e scenario threads as shown in Fig. 20 35, i.e., fromscene Ato

scene B, arithnded émpsessedDa3 shar numjpeat cforeeaticipoifitomntlseene D; from
scene A to the beginning of scene D; and fromscene A to scene C, and then
to scene pegitnaingngfathe widgo whliestsd@fe DEHAGIUSethérme NiNg shown
in Fig. 36, it is also_possible by 25 caonnecting before, and after scenes
(scene D IrtHeupFganghes 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, 1i.

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



- 119 starting and end points according to the data structure of the
present invention. Note that this process of copying scenes to align the
starting and end points nmakes it possible to seam essly reproduce even
conplicated threading 5 of different scenes. An interleaving algorithm
conpatible with variable | ength coded data An exanple of an interleaving
al gorithmconpatible with vari abl e_l.gngth coded data, i.e., video 10 data,
i s described next. Wien plural VOB are interleaved, each VOB is basically
divided into the sanme particular numher of interleave units. It is also
possible to obtain the data volune (size) of each of this particular nunber
of 15 interleave units based on the bit rate of the VOB to be interl eaved,
the junp tinme and distance that can be junped within this junp tine, the

track buff city Qgg | Y/ t ck.Quff ._and the
posi tion o?‘hﬂ%%%iofeos 0 Je"f: efu]}rlﬁ%ﬁégﬁé#]?%tgfl éggeglagﬂ %é’aﬁﬁr%sts of
20 video objagt yyHygs VOBU, each of which conprises one or nore MPEG GOP
with a data quantity equivalent to a 0.4 1.0 second presentation tine.

Wien data is interl eyete £88mioterpeaypdcknibsabb¥yibRaming sapgrate vi deo
objects VOB are alternately 25 arrayed. If any of the plural interleave
units intenlagdted it -sHADLd be noted that the continuously read data
5 units must be interleaved (multiplexed) at the system
stream level as an interleaved unit ILVU in order to
seamlessly reproduce split or combined titles. Plural
system streams interleaved with the interleaved unit ILVU
as the smallest unit are defined as an interleaved 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



to the shortest of plural VOB is shorter than the minimuminterl eave unit
|l ength, or if the total length of plural interleave units in any but the
shortest of plural VOB, is greater than the shortest interleave di stance,
an underflow 5 state will occur when this shortest interleave VOB is
reproduced, and non-seam ess reproduction will result instead of

seam ess~reproduction. Before encodihpg occurs in the present enbodi nent it
is therefore determ ned whether interleaving is 10 possible. Wether
interleaving is possible can be determned fromthe | engths of the
pre-encoded streans. Because the effect of .interleaving can thus be
determ ned in advance, the need for data reprocessing, i.e., the need to
adjust the interleaving conditions and record after 15 interl eaving and
encodi Ng aGBp®NGh CHIPliHhat LARP G EVARED. JligedpiSL! £RY! 0O HPERRT for
recording to an optical disk according to the present 1nventionrs
described $Ray fiiCaldy Rel@w starting with the bit rate of 20 the recorded
VOB and the performance and other conditions of the reproduced di sk. Wen
interleaving is appligdintédelé£ed i onsbi pndesageasshertsackauf fer input
transfer rate Vr and output transfer rate Vo is defined a5 Vr > Vo as
previ ous! yidenddssrineethel kridmedsnod Hile rkd st gfaciacin VEBet DI.VE to- 121
interleaved is therefore set to less than the track buffer input transfer
raté Vr. ThbichxithenWRU tetleoysf aptthoBtarting edddeesst of otheval ue
less than Vr. If in the evaluation determ ning whether interleaving
enabl i ng 5nex&misderlaavesicnidh I hodeHt elnterkeaved nBaithgtasgtl plura
VOB to be interleaved are encoded with constant bit rate (CBR) coding at

the maxi nuAPBFESSat@T_HYY R SRR 3T WLELLTH UiRen s2 n¥kkfRPzeljefke
i h b .od d fr, d I b I d h
10"} urpabl S VD 1 i an e T ih S Tortr | Akn e FrBrelamyea
tri t. ty 44 i I t j i th
const ant . bFTRrEe Addr s TP T Re 4 ke e tBal S PROECSREERT 1
thegf ol | ownpg GesCringl i isd )N FERLGMEI LD 29PN @ HSnbBAL oghgeéta gnce

the optical pickup camjunp-wthin disk junp tine JT expressed as a data

quantity i FrionTRMY et igfaaich JMciands tde thprtvesta bit rate to the track
buffer of the reproduction apparatus is 20 BIT. In ternms of an actual

reproducti on appar atwisen ttrweo dég&tennptteamsJdressdffileselty henedtaabl e
di stance JMis 250 Moit in this junp tinme JT. The maxinumbit rate B of the
VOB i n t he bMREGhsy stusihd saigfoment 0B, the/ipeo 28ysoemi dereagst hat ant
average 6 Mops is required to obtain - 122 inmage quality superior to
that of a EOMFEIBIFal PRI Atk hgnmReatohy t el pxapanfcadtsratbe IM
jun% time JT, c . .
1 seam, it is necessary to pause the audio output to
synchronize the audio and video components of the system
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 mnmsec.
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



and data read tinmes fromdisk, the target values for the 5 snmall est
interleaved unit size ILVUM and the snallest interleave unit presentation
time ILVUMI are calculated first. The snallest interleave unit presentation
time ILVUMI can be obtained fromequation 3, and the snmallest interl eaved
unit size ILVUM can be obtained fromequation 4 10 below. [|LVUMI > JT +
ILVUMBIT [3] ILVUMI x B = ILVUM[4]_450m equation 3 the snall est

interl eave unit presentation tinme |LV is determned to be 2 sec., and 15
the small est GOP bl ock data GMis 1?.6 Miit. Thus, if the small est
interleave unit, which is the smallest unit of the data |layout, is a 2-sec.
equi val ent data quantity and each GOP conprises 15 frames (NTSC format),
then the snallest interleave unit is equivalent to the data stored in four

20 ST P B AUAED DR, a0 Bu5ESRUNE, PO AN, ot I Moy

i nterl eave diI'stanc an or equa ance.

nmeans that except for \/ i €1S t ek o i he
total presen ét?éﬁ'25AP?§g g?ng%? IBVéBH?%Rﬁﬁ%éﬁkﬁﬁng é%??ﬁgirga%%plied

nust be - 133ioShapt eenbiRanat he Wome (Woa acaaD e mery odis@reat i Rgnebhe

interleave distance. If as in the above exanple the junpable distance JMis
250 Moit andnbhelsay tue ¥QBiki tisr alce bes phukddpard heléd needMrédaincan be
reproduced with 5 the data quantity read within the junpable distance JMis
28.4 Sec. |tthe DB&nppokeithl e Notec&hadl dthesen tiintes | afpecthbedt abnthe
equation using these values. If each VOB in the interleaved block region is
di vi ded i nt osyR&esagdoglinprecds liom P0ed&l -bl ock and this nunber of 10
interleaved divisions is v, equation 5 can be obtained fromthe conditions

of the smallest inter & neks JHARFAMRTIMR SNt 2RIBAEF nBLBY PERbr t est
V) [1LUMT < LEL Eaustion & can U, st b ghl e Lo e Lympabl o
SHOREES VtB&éJQEa%ng. 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 encoder

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

25 invention is applied to a digital video disk system is



Plural VOB can in principle be interleaved if the above conditions are
fulfilled. In practical ternms, VOBU conpensation to the val ue cal cul ated
according to the above 20 equations is necessary because the interl eave
units are limted to the VOBU boundari es. To conpensate equations 2, 3, and
4, it is necessary to add the maximumVOBU tinme (1. O sec.) to the small est
interleave unit presentation tine |ILYUMI, and reduce the presentation tine
in the interleave 25 distance JMI by ~the maxi mrum VOBU ti ne. - 124 1f it
is determned that an interl eaved sequence enabling seamnl ess playback is
not possible as a result of calculating the conditions for interleaving the
VOB scenes before encoding, it is necessary to increase the nunber of 5
interleave unit divisions. This nmeans increasing the | ength of the scene

form ng the shorte Vi b ing the ene therebefore_or after. It i

al so ngcesgaﬁ"siqupé‘%&%éwgﬁvé%‘g‘ﬁé ’a‘%ls hgtoﬁ?he { oY’t‘i%t bec ohy ioys; h:as

ot her scenes. || eneral . the interle di stance |Ls si.gni.fi gant,l

gr eat er thg'%‘ztthe% o?‘f@%?mr’?ﬁ et e rﬁ%ﬁ,a% 1?§e ?a%geofﬁlgr’r(?P aé’elqyer? t he
alue on t f i ggﬁg' i reater a Lncr.ease in the

xal 3e on t@%}?gﬁ%ﬁbo%?gequa?%%%f%g §?r§sﬂf’§, Qpﬁggggéi %% ;SheI size of

the shi ftefl-.\.gﬂ@é/@rﬁjeiéff*‘ei&éﬂ‘tiééﬂéo 'Ehéaélhélfx&ﬂﬂgt BRcbaedbave SHRA tions.

The track buffer input transfer rate Vr and output "transfer rate Vo nust be

in tye rel ar i 2V Phd/p@sidess fbesneboreteent Bhedat ancddh® is
i nterl eaved bl ocks. The optical pickup may al so junp imredi ately after

entering 2Gten ey bademenetl bh otke rBYd cendodar aECDnbEgthes vildeok zioe@ on, in
which case it is also necessary to store the data fromimedi ately before
the interl comhittexkl3eyiof. thdi subistesngtencedessaEg aboveppridss at MOHI t
rate of part of the ' data in the VOB i mmedi ately before the interleaved
bl ock 25 réyfier 1000 and formatter 1100. It will also be obvious
that the bitstream encoded by this DVD encoder ECD is
10 recorded to a digital video disk medium M. The operation
of this DVD encoder ECD is therefore described below in
comparison with the authoring encoder EC described above.
As in the above authoring encoder EC, the
encoding system controller 200 generates control signals
15 st9, sStll, Sti13, 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 enﬁoder 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



-125 1t is also possible that the optical pickup may junp i mmedi ately after
entering an interleaved bl ock froma contiguous block, in which case it is
necessary to suppress the nmaximumbit rate of the contiguous bl ock

imedi ately 5 before the interleaved bl ock, and store the data from

i medi ately before the interleaved block to the track buffer. The target
for suppressing the nmaxi mum bit ra[qm_j.e., the anbunt the maximnumbit rate
is suppressed, is the presentation tinme of the shortest interleave unit,
whi ch 10 can be calculated fromthe maxinumbit rate of the interleaved

bl ock reproduced after the contiguous bl ock. Note that while the above
operation has assuned that all VOB are divided into the sane nunber of
interleave units, it is also possible to group the VOB into a group of 15

VOB cont ai ni n aé%!vi iqQns (interl eave units% and a groyp of VOB cont.ai ni ng
2+l divi oi GnSURRET HordS SHETHAT T A0 R PP PSR BUF AL VBB &g HHEiM o

b i . defini ; . ¢ divisi . h VOB
bt ai med 1 Rogebqut) it LT M A RS e Bea o PhR o8I RbBe I o

obtal _ _ : _ _
e nunbar ToF AR G Bhea: e 17 neentalaneanasy; anRaas! £

| arger VOBpyThing kdd .| USiHtRebhdy £ atd - sTheoflat Re SHUHCLHESaRE Hed

interleaved unit ILVU 25 in another enbodi ment of the invention is shdwn in
Fig.5 42. howker,| Fudtterstddetaies thechavh painepi acks NVeHesauipeg Wi th
reference to Fig. 20 is placed at the beginning of each video object unit
VOBU, and bife statemnfs @ormdreelmeal/i fattlom edackimy woitspedhatchl yreef ore the
next navi gati on pack NV
obtained by splitting a multi-title source stream into
blocks at a constant time interval; the number of audio and
sub-picture data cells contained in each stream, and the
10 sub-picture display time and period; whether the title is a
multi-rated title enabling parental lock control; whether
the user content is selected from plural streams including,
for example, multiple viewing angles; and the method of
connecting scenes when the angle is 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



5 is defined as one video object unit VOBU. The video object unit VOBU
boundari es determ ne the boundaries of the interleaved unit ILVU, each of
which is longer than the length of the shortest interleaved unit, which is
obtained fromthe decoder performance, bit rate, and other 10

consi derations using equations 5 and 6. Each of the conponent video object
units VOBU contains a navigation pack NV (managenent information pack),
each navi gati on pack NV containi ng-#h-1 LW end pack address |LVU EA

i ndi cating the address of the last pack in 15 the ILWto which the VOBU
bel ongs, and the next-l1LWstart address NT.ILW SA. The position to which
the start address NT-1LVU SA points is the address of the first pack (NV)
in the next interleaved unit ILVU to be reproduced, while the ILVU end pack
address | LVU EA points to the end 20 position of the interleaved unit |ILVU
cont ai ni ngwhiethend apsclardddsesonnegion sfmwld ke waderketwashythescri bed
these addresses are expressed as the nunber of sectors fromthe navigation
pack NV coprgcediga radad@ldey ing GHRaam . Wien a vi deo object unit VOBU
is in an 25 interleaved bl ock, region, the next-|ILVU start address - 127

NT | LVU SA points t FReERGRF R RN oFORREChERE PPOUEXSKACKS: [his
d as _th mber._ of t f t i gati k_NV i ni
The addr eseHERRORRIEToF - HE ARETA D IRt IF D oF P8, SSBSHPHES, RESr 1ot 5
acd! ) ARSI e ! _ 4
navSgal | on Rt N GBI WA SANE BHIUA LA G abLEL LU Lot o

posi tion t he curint dtdtgaved whd éﬂé@éiﬁqy{ﬁféfﬂati@ﬁstgﬁﬁﬁia%g i ump

possible to only read the Interleaved units VU, and to snoot

to the nexkncdane Paadndtidrd ladd ddydd rsenei ewnté pbrdh8e bt Figsene
period is described together with the concept of nulti-scene control

accordi ng tg,the, pregernts ibalent. on using by way of exanple a title
conprising scenes 15 recorded fromdifferent angles. Each scene in

mul ti-scene control Tie reoceaedeicotindedshaeStdgl epnbatinsayhlee systended at
different tines or may even be conputer graphics data. The nmulti-angle
scdffe peri s ey eneaddng agtaneiRrcAn@cYRFen-eseepding pbarsdsnd

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



Parental control The concept of recording plural titles conprising
alternative scenes for such functions as parental |ock control and
recording director's cuts is described bel ow 25 using Fig. 43. - 128 An
exanple of a nulti-rated title stream providing for parental |ock contro
is shown in Fig. 43. Wen so-called "adult scenes" containing sex,

vi ol ence, or other scenes deened unigitable for children are contained 5 in
atitle inplenmenting parental |ock control, the title streamis recorded
wi th a conbination of conmmon system streans SSa, SSb, and Sse, an
adult-oriented system stream SSc containing the adult scenes, and a
child-oriented , system stream SSd containing only the scenes suitable for
10 children. Title streans such as this are recorded as a nulti-scene
system stream containing the adult-oriented systemstream Ssc and the

chi | d- ori epReade§shefiPefiddm BaTtarfayd® (V38R ShHTR3M sTehetPePrBETBEEVEEN

t t Ssb,and_Sse. 15 Th | gt i LD bet f. th
Component #117 LERaRESF Ko 255 S0BnCr R B: bru i AETHE? (T HAF anPERRRAZRGC o
titl t t [ [ [ - Qr.] titl
b ogr am cHAF AU BRI TEORBP a8 1o s Ahaen a I o LYk ot <EPERRE 82 and

20 Ssb. the,gdybliar edbad SYSIR Sl0oPaR Soodll a6 OUEPDaRYSLEY. St eam
chnl e

Sse. The d-orrent title program chain PGC2 conprises I n sequence the

congon system streafftes&HEH wisile 1 GRiddb hEHEEE SPB! §@nea88 Ssd,
and the common system stream Sse. - 129 By thus arraying the

adul t - or i eghedlsyshearyt ta¥ahs conTbretiing -t ittd edbEyst einebr e@andagat o a
metI-Scenc?l:efined in IS0-13818, specific encoding parameters are

input via the video encoding parameter signal St9,

including the encoding start and end timing, bit rate, the

10 encoding conditions for the encoding start and end, the
material type, including whether the material is an NTSC or
PAL video signal ,or telecine converted material, and
whether the encoding mode is set for either open GOP or
closed GOP encoding.

15 The MPEG2 coding method is basically an
interframe coding method using the correlation between
frames for maximum signal compression, i.e., the frame
being coded (the target frame) is coded by referencing
frames before and/or after the 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.



period, the decodi ng nethod previously described can reproduce the title
containing adult-oriented content by 5 reproducing the commobn system
streans Ssa and Ssb, then selecting and reproducing the adult-oriented
system stream Ssc, and then reproducing the combn system stream Sse as
instructed by the adult-oriented title programchain PGClL. By alternatively
following the child-oriented title p?ﬂgran110 chain PGC2 and sel ecting the
child-oriented systemstream Ssd in e nmufti-scene period, a
child-oriented title fromwhich the adult-oriented scenes have been
expurgated can be reproduced. This nmethod of providing in the title stream
a 15 nufti-scene period containing plural alternative scenes, selecting

whi ch of the scenes in the nmufti-scene period are to be reproduced before
pl ayback begins, and _generating plural titles, containing essentially the
sane title content b&tQﬁQWHy9§iﬂiﬁﬁﬁﬁ£§iQP%n&?,WWEF%a?gﬁﬂn%a%ﬁnF&Psﬁéck 20

com o1, 5ablakeBq" BBk REALCRR Ul Il WA EFRLEF Qlolney

percei ved neeIa O proteCtC ren rromundes

Per Spect | Veqphyu5y3E R BLNEAR B ERRATn G Yl A 08K control i s

a technol og for—statically generating differen reans by neans
- 130 of therdsehchr oS8l e¢hindd iHPAC pileec3GHRE D rmlaomg'{fﬁﬂf%gfé'od-
rol,

Note, further, that this contrasts with nulti-angl e scene con Ichis

a teshnol ogyoksr Ndynameal by ahane-pa cifhe o ouiDaMe do Fefd¥ifcing | Ea sy
means 5 of the user selecting scenes fromthe nulti-scene period freely and
in real -ti ntrameshggtbubeolfl ajbaakesTiEoP [ar am dlodercicaront r oft tghnol ogy
can al so be used to enable title streamediting such as when maki ng the
director's therefhsedppssibles toublayback o alesqs OB nsdihoforlly t that
certain scenes froma novie to, for exanple, shorten the total presentation
time. This 8- beRABELIRGANT PHr CPLENFOE, HEWENAr a F1EQ Wegybres thevi e
for viewi ng _on an airplape where the presentation tine is too long for
vievi ng w (RFRSEREST PEghtior FRESSENEER SOT - GRSHR LYY RRP 1RAP tRr 8ReShREbI o.
The vie director t det erm nes whi ch scenes may be cut to shorten the
0PV e 48k BB, {

noVi The n be recorded with both a full-length, unedited

PraLen St Teemerd okl U SV LA 0 NS eSS R e oo
stream to agRifBlesYEh8NEBE! B2 be used as the playback start point
for reproducing a title from the middle, as a transition
point in a movie, or for fast-forward play and other
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 St1l7 to the sub-picture stream

25 buffer 600.



in such applications, parental |ock control nust be able to maintain snooth
pl ayback i nmage output. Mre specifically, seamn ess data reproduction
whereby a data underfl ow state does not occur in the audio, video, or other
buffers, and 25 seamnl ess information reproducti on whereby no unnatural -
131 interruptions are audibly or visibly perceived in the audio and video
pl ayback, are necessary. Mifti-ang_le control The concept of nufti-angle
scene control in the 5 present i nvdBtion i s described next with reference
to Fig. 44. In general, multinmedia titles are obtained by recording both

t he audio and video information (collectively "recording" below) of the
subject over tine T. The angl ed scene bl ocks #SCl, #SML, #SM2, #SMB, and 10
#SC3 represent the multinedia scenes obtained at recording unit tines T1,
T2, and T3 by recording the subject at respective canera angles. Scenes
#SML, #SMR, and #SM?%#@&¢@c€h€e@u@%°nﬁﬂGQﬂPVGdPﬁM@maﬁeqfSkqnalsecond and
third) canera angles during recording unit tinme T2, and are 15 referenced

bel ow as Bké3fi %HﬂiﬂuanQﬂF¥rﬂ9 %Bﬁ?@ﬁsséeﬁ8§01ﬁéFePPﬁ§t°¢h§ e
fti- f d h b t
ARG QL RE Sgrrﬁ?eng%ﬂeéﬁ‘ea'egeaﬁﬁ% SheRderalaifotarar, Bl
ded f t t
conput er SPagees BT UL Y 198 e ChERRa 6T Bne P EeE) sl
Mufst i - Scene R 'éeﬂ%éfﬁmM& hIE%“I?i?§C§H§Stﬁ@”M?EG§ehﬁ%ﬁd st@hdara

presentation In e sanme tinme period, whether or not the scenes are

actual |y pegqrided 3 odifdad etccRnBi@ianghes, or P Jeokes 4akh.and
#SC3 are scenes recorded at the same conmon canmera angl e durlng recordlng

unit tinesNotk ahtTThd mathddd aied andlanst 6f eheodtihyi aaddloe axgdenes. These
scenes are therefore called "common angle scenes.” Note 5 that one of the
mul tipl e esrerdinyltes sk istamdands t arenghewscends commosldyl |y t he sane
as the common canera angle. To understand the relationship between these
vari ous anykRddaddenes, nulti-angle scene control is 10 described bel ow

using a live broadcast of a basebal | gane
10 The video stream buffer 400 is connected to the

video encoder 300 and to the encoding system controller
200. The video stream buffer 400 stores the encoded video
stream St15 input from the video encoder 300, and outputs
the stored encoded video stream Stl5 as the time-delayed

15 encoded video stream St27 based on the timing signal st21
supplied from the encoding system controller 200.

The sub-picture stream buffer 600 is similarly
connected to the sub-picture encoder 500 and to the
encoding system controller 200. The sub-picture stream

20 buffer 600 stores the encoded sub-picture stream Stl1l7 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.



for exanple only. The common angl e scenes #SCl and #SC3 are recorded at the
common canera angle, which is here defined as the view fromcenter field on
the axis through the 15 pitcher, batter, and catcher. The first angl ed
scene #SML is recorded at the first nulti-camera angle, i.e., the canmera
angle fromthe backstop on the axis through the catcher, pitcher, and
batter. The second angl ed scene #SMis recorded at the 20 second

mul ti-camera angle, i.e., the view fromcenter field on the axis through
the pitcher, batter, and catcher. Note that the second angl ed scene #SM2 is
thus the sane as the common canera angle in this exanple. It therefore
follows that the second angled scene #SM2 is the sanme as the common 25
angl e scene #SC2 recorded during recording unit tinme T2. - 133 The third

| ed #SM3 i ded at the_ third fti. ] le, i.e., th
e amele T | Reepaondes strsnic it v BAS i AN o omi o e
ti f th ltipl | S | i
Fecordi ng MTSEFRE $o. Cfln; adgkP 8ReRasRay Pl the, B Sddtdine '
period.” ny%’%gﬁ'l ¥o§e£8m?9298? ObpbhguaY Lt isRY@ a3 W 5L 1D edfSM2,

and #3SMB i I's nufti-angle scene period, the viewer is able to change his
or her virgnal eMEBWEATaRASH! 5€Rehf €R1OY iAapditl ffeanttnd eMdio tditcds® as
t hough the actual canera angle is changed. Note that while there appears to
be s tine peap, behdeeneaosuBpusBgkRes eanededSGhiddnd s4£3Ehmarst 19 hes ngHd i pl e
angl e scenes #SML, #SM2, and #SM3 in Fig. 44, this is sinply to facilitate
t he use oftimeedslagetihentbdadeahdioeatrermd&sSnli aismd afn tihee daiming
reproduction paths reproduced by selecting different angled scenes. There
is no actusignakesgap dupphgepl fybackhevehciodingl sysdame cotrollex the
system stream 20 25 based on the present invention is described next with
reference 289Fig. 23 fromthe perspective of connecting data bl ocks. The
mul ti medi a data corresponding to commo ngl e scene #SC is referenced as
conmon angl e data B ?‘eaﬁé'sttﬁg‘ Wﬁra%gq e%tfatcaorg}fcf*ﬁe etdr 'ﬁg"bﬁ?? ti mes
Tl.and T3 are refer d BAl.a I [ T {yredi a data
co}ﬁespond? Ee?ﬁ EH%Q%%I#?%Veééﬁgggcgggﬁeg%%@gH HG?éér Jﬁbfnﬁﬁdfg

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



- 134 #SML, #SM2, and #SMB are referenced as first, second, and third
angl e scene data MAL, MA2, and MA3. As previously described wth reference
to Fig. 44, scenes fromthe desired angled can be viewed by sel ecting one
of the 5 multiple angle data units MAL, MA2, and MA3. There is also no tine
gap between the common angle data BAlL and BA3 and the nultiple angle data
units MAL, MA2, and MA3. In the caseggf. an MPEG system stream however,
intermttent breaks in the playback information can result 10 between the
reproduced common and nultiple angle data units dependi ng upon the content
of the data at the connection between the selected nultiple angle data unit
MAL, MA2, and MA3 and the common angle data BA (either the first common
angl e data BAl before the angle selected in the nmulti-angle 15 scene period

S anomR L1 8 g chCle r[&éné]%hﬁggﬁ%%é&%ﬁg?wﬁé@?l FEECEM eam

mul ti-angl e STEné peri1od). The r e 1S
i s not natuggllygi@mroduced as a single contiguous title, i.e., seamess
data reproduction is achi eved but non-seam ess 20 information reproduction

results. The nulti-ani& mel€tiddia b DESEEedRENBYsene Bipkural scenes is
selectively reproduced fromthe nulti-angle scene period with seanl ess

i nf or mat i onapeegdinat iten the tUserseEkimdbfsrenanio ais etheés deaer tbedhe -
135 belowwith application in a digital video disk systemusing Fig. 23.
Chan§i ng t heesorderaiglod,. i The rssiasienglIne pfoceeses| thel edahghle data
units MAL, MA2, and MA3, nust be 5 conpleted before reproduction of the
precedi ng coukbangadiae staeamBARta %"fﬁr%l@ dehe |data shreanes48i frrmatt

for exanple, to change to a different aqgge data unit _MA2
of the recording medium M, a thus records the formatted

data stream St45 to the recording medium M.
DVD decoder
10 A preferred embodiment of a digital video disk
system authoring decoder DCD in which the multimedia
bitstream authoring system qf the present invention is
applied to a digital video disk system is described below
and shown in Fig. 26. The authoring decoder DCD applied to
15 the digital video disk system, referred to below as a DVD
decoder DCD, decodes the multimedia bitstream MBS edited
using the DVD encoder ECD of the present invention, and
recreates the content of each title according to the
user-defined scenario. It will also be 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.



during reproduction of conmon angle data BAlL. This is because the

mul timedi a data has a variable |length coded 10 MPEG data structure, which
makes it difficult to find the data break points (boundaries) in the

sel ected data bl ocks. The video may al so be di srupted when the angle is
changed because inter-franme correlations are used in the coding process.
The groupl of pictures GOP processingunit of the 15 MPEG standard contains
at | east one refresh frame, and closed processing not referencing frames
bel onging 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 nmulti-angle scene period, and at the | atest by
the tinme reproduction of the precedi ng conmon angle data BAl is conpleted,

sean ooy Tprahuin Snuliadt ‘% VS S Neh 380 Er T EES. NARAC: cproduci ng
one 25 anglediaealRe o dihs AUy JEPLOCLECI FROLEL 0ElBeq 136

wi thin the sane nulti-angle scene perio ere ore ult when in

a mul ti- angetvateN & Rer ithd WLBEWEE P80 Y $£4 €8 n@hggiéefeﬂr&oaﬁg' e unit
presenting, for exanple, a view froma different canera angle. 5 The net hod

of switching betweerNstenehamoties #éléttos Bubbi 1angbanseerd RO itd@ i S
described in further detail belowwth reference to Fig. 76, Fig. 77, and
Fi 9.5 45 basamhahrartieadt a6, \dribolslickntee hled rogt ar swiiesnihgedighave. 10
Fig. 76 shows the presentation tines of the smallest angle switching units
in each of SH®3ultiple angle data units MAL, MA2, and MA3 shown in Fig.

23. Wthin the context of the digital video disk system the multiple angle
data units NAl vA2, TR PR i @1t pe EhiFeDYR @GFPﬁﬁg DﬁDtss i.e., the

vi deo obje g% k%%fle an Ie data unjt é nprises plura

(three in t éﬁ%%iésqqﬂ SCIIRAF 8° h%l hn?h%s?u559§iﬁge

angl e sw t%@ ly'lldic %}@ﬁtﬁ&# eba?(“p i nterl eaved unit |LVU thus contains a
ir

partlcular nunoer  of angle 20 data MA1l thus contains angle

WAGNIng uni ts AS1addo@nd f581q Thes anghe SYh! GREBALUNGLD ASL AS2 “and

A53 of the first angle e presentafion trmes and 3

seconds, I eoR@Hiiswd Yo mAMIHddIG iKY tdWe-ddm Shr SUkEr 250 64t %%’@Aa@%“g a
angl e

total presentation tinme of 6 sec. The -1 second
simlarly cehpdtes 220y e dddditGystdn Edtr&bler apsloB53s¥-bim

presentation tinmes of 2, 3, and 1 second, respectively, and the third angl e
dat a MA3 cdmfifiese 400y esysaiuemcrdercg:dﬁn tx505,1, vih@o lanfif &632800h
sub-picture buffer 2700, audio buffer 2800, synchronizer
15 2900, video decoder 3801, reordering buffer 3300,
sub-picture decoder 3100, audio decoder 3200, selector
3400, synthesizer 3500, video data output terminal 3600,
and audio data output terminal 3700.
The bitstream producer 2000 comprises a recording
20 media drive unit 2004 for driving the recording medium M; a
reading head 2006 for reading the information recorded to
the recording medium M and producing the binary read signal
St57; a signal processor 2008 for variously processing the

read signal St57 to generate the reproduced bitstream ste1l;

25 and a reproduction controller 2002.



5 presentation tinmes of 3, 1, and 2 seconds, respectively. It should be
noted that while the angle data MA1, MA2, and MA3 each has a 6 sec.
presentation time, the presentation tine can obviously be set to various
ot her particular values. 10 The foll ow ng exanpl e describes switching to
and begi nning the presentation of another (next) angle view while
reproduci ng any particular interleavg unit. For exanple, if the angle is
changed fromfirst 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 sel ected
second angle data MA2 starts. This change intermts both the audio and
vi deo presentation, resulting in non-seam ess information presentation. 20

Li kewise, if th h itch dj h
hi T angl e data NGBS PRBCPEBPEIN COR TR SOlad e Eavetbp: B2

opr oducti ot e roarfeoshEem ERREPUTALRC23h0 IS SRRl 00 0 °°

intermts Qi iReaatdhorabfeXhde@proaud8s onP et HAL is‘?t.@rbarlesé'ﬂgi ngsin

non-seam ess I nformati on presentation. Note that 1 n the "above cases

swi t chi ng haiypgeieayl 4hal enadgka gaharddesngheéatrdpreRRdudt Yot s 5
reproduction of the angle being presented, and seamn ess information
present ati asignaks, Spsesenfiasts6a wesheotiveler miontirad ltilney aiiti 0 and vi deo,
does not occur. The nethod of switching the angle after conpleting

i nterl eave xetorgingenedidodriveduniti hmatbel) oR00H0 anfd tshignasler sel ect's
second angl e data MA2 during reproduction of interleave unit A51 in first
angl e dat a FACe$®PreXBAPte, the second interleave unit B52 in the second
angle data MA2 is selected fromthe paint reproduction of interleave unit
A51 with a present at F6n 8L the yeer-defined oM™ PP mketiveet nendt ar t
of interleave,unit B52 is 2_sec. from.the.begi.nning af the multi-angle
scene peri i REPEETEORSGER BOPWBRACITEISR] of Lo EEIEER PYrfRe AS]
repyoducti : SEC,. .| t tl.; en er.i eqgi nni ng
of ?Qter|eggga%%}tﬁﬁteﬁégégf gesgg% %ﬁ?ggbﬁgggﬂ|?P%hﬁﬁﬁiégﬁﬁéggﬁﬁééEf and
there is thﬂfeé&ﬁﬁrﬂgeé'EﬁsééﬁgrQQnEbQkuﬁr'Q;b@pEQQU%Hr@EtJWH*%QF
specifically, because there is no continuity in the audio, fhe audi o cannot
be seam esstaprepiodigethe AcsifekpbnatagakiceneasYitit lids)t.he mser then 25
switches to the angle scene corresponding to the third - 139 angle data
MA3 duri ng sepnariot sebeoftothel1o6ctheni nheputayvehenise BTt dd il el £t ed
second angle data MA2, i.e., interleave unit C53 is switched to after

repr oduct i csceharhoedabavboubhhe BYR fdecodepl ®C&d. In this case the 5
conpletion of interleave unit B52 reproduction is at 5 sec. fromthe

begthni ng of the nul Theasgesazdensedectar, 340 mxpinrakloiceompriseava unit
C53 is at sec. _frompthe beqginning of the.multi-angle scene period, and
there is a ?%bﬂ%r??nﬁggasﬁngoﬁPpégPFy. ﬁéngb%hﬁbﬁgﬁﬁxﬁﬁ¥he & RS9 audi o
and vi deo cggg n f e,Lnterl.e (S 3 is also not good.
It is there or@ gﬂ%@%%a?bgfg?gﬁﬁghi%ngggééebg%%ggqg¥q%ﬁ%ﬁeﬁ%ﬁé?t%ﬁhave
the same repiodueLhapibl TRp@edngORhe Bubhentder WE Faddd!®h 'epdres 10
order to achieve

keyboard input, the CPU generates the scenario selection

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

example, and inputs the generated scenario selection data

St51 to the decoding system controller 2300.



15 seamnl ess information switching between nultiple angles. The internal
structure of the interleave units is shown in further detail in Fig. 77. As
shown in Fig. 77, each of the interleave units ILVUbl, |ILVUb2, |LVUcl, and
I LVUc2 contains interleaved audi o and video packets, 20 indicated as A and
V, respectively. In general, the data size and presentation tinme of each
audi o packet Ais the sane. In this ixanple, interleave units |LVUbI,

| LVUb2, 1LVUcl, and ILVUc2 respectiVely contain 3, 2, 2, and 3 audio
packets. 25 Therefore, angle data MAB and MAC each contain 5 audio - 140
packets and 13 video packets in nulti-angle scene period T2. Angle
swtching control within a nulti-angle scene period conprising a

mul ti-angle systemstream (VOB) 5 with this packet structure is described
below. If the angle is smntched frominterleaved unit |LVUbl to interleaved
unit |LVUc2, for exdms & qﬁﬁ?tﬁﬂ%ﬁequﬁﬁﬂﬂ QﬁseﬁmﬁEP%hEk%tEufﬁthese t wo
interleave units ILVUbh tILVUb2 I t i S _one re ggn the 10
speci fi ed tBPaFhYmBER% °5 STECE a5 et qﬁ?t %;Fﬁﬁﬁ? Qﬁﬁé LE8RESRBr i od

T vtk RBRET AL BN iR AR S s dp packeL L, Lhe

r eproduced™au ese two Wer e connec Bi kewi se,

if the angbsmﬁeC@megtwc ggowggcketérﬁrﬁ}g %d4 ﬁt&%{’# ,hk!a a@gd

| LVUb2 containing only two au S eac i 0 packets
is gne | esgckhhaBytienspeeicki @@ rledledlcd)Uniitreadh %@J@II Chrpﬁo«kﬁévaﬁut hi's

nmuf ti-angl e scene period T2. Connecting and reprodu0|ng t hese two

i nterl eavedonttrbld watibdmakldiosf qDSINedn tthen raaviayat iompasker W0, sbert age,
and a break in the audio equal to the duration of one audio packet. It is

t her ef or e gkBaratkhathehbi tslte eamnmicontafolagdita EAdt s The tdereannect ed
interleaved units is not equal to the specified nunber of audio packets in
t hat nuftiPaf§pt 34€Reipepdi comgegdico th Ithensleand 8y ssyseémct ori | y

connect ed, and non-seanl ess |nfornat i.,on 141 presentation_containing
n0| se and/ GPNERPLREL ?éﬁtofaﬁdi &hdiah thessiﬂﬁphﬁsg thes genrpeatedti - angl e

e contg % ghen t he %pl %C§ ta MAB and MAC shown in Fig. 77

aln 5 GHFPEFERT 58816 °da M angl e data BAl and BA3 contain the

conm)n audi o data ofg thes %af%%ﬂ?@éfe@@ gf&%atgﬁsgul ti-angle

scene period. The flrst angl e frses 11rs anglFe”interl eave

e e T
conprises geaepdiasg e3iodt ehlea\Rnidtadtsidine dattstradh | r hodbdEEen
control signal St53 controlling the operation of 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



Fig. 14 shows the audio waves resulting fromthe audio data recorded to the
mul ti-angle data MAB and MAC 15 within nulti-angle scene period T2. The
contiguous audi o output of angle data MAB is formed fromthe two
interleaved unit audio data |ILVUbl and |ILVUb2. The contiguous audi o out put
of angle data MACis likewise formed fromthe two interleaved unit audio
data | LVUcl and ILVUc2. 20 What hapggns when reproduction of angle data MAC
is switched to during reproduction®6f "the first interleave unit audio data
I LVUbl in angle data MAB is described below. In this case reproduction of
interleaved unit 1LVUc2 occurs after reproduction of interleaved unit

I LVUbi 25 is conpleted. As a result, the audio wave resulting from -142
these two interleaves units is a m xed wave as shown by audio wave MAB-C in
Fig. 12. Note that the resulting audio output wave is non-contiguous at the
angl e swi t ¥Mfng VE§ Anfopmg biign g’lTﬁIo Gd?ﬁhe%i(F olnfernakienoertndesconpl etel y
5 satisfactory. If. the audio data is enqggfd usi ng Dol by AC-3 coding, the
probl ens aFePBfed Jgr 82C%tN5e Ciifde PAESEN '%&PLE%ﬁ%iﬂeE S¥e correl ations.

correl 3;‘; Tond! 10 1 erSHTEn Bt OREe ThERR<PRTEEL ?%Ega%ia?%a'éﬁl tohi ng
Cui ton'to BRASINES 3 BRI SRR O Rl B oo &

mul t5i - angl &,36ANe PR thEshr MAEHERELY BUHE L8 &guaééggﬂghfgggﬁaﬁ 15

period contains discrete audi o data, the audi o output may mitted
bet ween t heog@ridaqleed 28003 WY WhidietH & e her£&angedo Pgpending on
the content of the data in such cases, noise and/or audio interruptions nay
occur duri egnheateducti on, resulting even in irritation or 20 disconfort to
t he user. Such disconfort is a product of the non-contiguity in the

repr oduced i nf or mat iTre cayrieEmtonigri can00 hés efonrebtedviibdétieby assuring
information contiguity or preventing information intermttence. Sean ess

i nf or mat i oAegEedNS FYisFerc et Ifr A @viseem whigh3it mieceiurgl shecene
control according to the present invention js descrjbed next wth reference
to ¥ g. 46SYPhede CARGie TEECT NS SR CAUMNP NMEA ot e s¥RchEoRuFatigRgl e

i od ' ' | e. fi le d h [
anal o S 1 BPEE UneE S SE S oty S HASeHERE B Eef pheckobRearpre
C L ohi : | : . . , > 53
f)\rMetsgn!t 2’? i %ﬁb&lﬁ%gﬁ?%f 1, %ﬁ %ﬂsuel%%g% Ef%?g%c%ﬁge?ﬁeggbéahgggéggnd

angl e dat a Mp&SiMidrardypgconpri ses angle switching units B11l, Bl2, and B13,
and the third angle data MA3 conprises angle,switching units Cl1, Cl2, and

Cl3. Each of these ey som tedisgspatén aleexr sepegt kuel Wekadng
presentation times of 2, 1, and 3 15 seconds. Because the synchroni zed

i ntEr | eave sysitiesn tdort redMert 23 Rl g0 epemdcd tom thaestreant rguaus audi o
and vi deo reproduction can be achi eved without interruptions or overlaps at
the angl e swomelli FF§Sositt icorspaaif itheintervabean@ooghputaether veadne angl e
to anot her angle, and seanl ess information presentation can therefore be

achi eved a$igi@dd Gtd5Sy tRedha iddeam Rithfeve24P@- dafatet hatutbesnsad in

Fig. 46, i 'u%'i’t ti% %tlst réeasaectiusaltﬂaer eésaecqggtl on tinmes of the small est

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



25 angle switching units of the audio and video material in - 144 the
mul ti-angle scene period to the sane tines, the nunber of reproduction
frames in each interleave unit nust be the sanme. MPEG data conpression
normal |y operates on the GOP unit level, and two paraneters defining the
GOP structure 5 are the Mand N values. Mis the |- or P-picture cycle, and
N is the nunmber of frames containeggéq that GOP. Furthernore, changing the
M or N paraneter setting frequently during the encodi ng process sinply
conpl i cates MPEG video encoding control, and is not, therefore, 10 normally
done. A nethod of achieving the data structure shown in Fig. 46, i.e., a
nmet hod of setting the actual presentation tinmes of the smallest angle
switching units of the audio and video material in the multi-angle scene

period to the 1$ sane .tines, is scrihed belowwith reference to Fig. 78.
As the exaﬁEPg%sﬁgaﬁiﬁ? BEFREAY WA RS EREER GhPek ukrESrRRBeaSSRVAC t o
the multi-ang S eriod nd .e angl e dat if_conprises two

interl eave %u%§$%%ﬁL Ieﬁﬂufqﬁﬁﬁ%b?ﬁgﬁﬁqgi I gﬁgﬁlﬁﬁfﬁg?eFﬁsﬁEstiver.
This is 20 ARl & i3 ' ' rl eaye it is a
GoP structcti%'i;el'.i:Iél')r]l'(raiIé g(%%%r’%fﬁ%ﬁé?ﬁht e&%%/]f?fgég?%g%%elr’\g %eglagg set the M
and N paraggiers of the synchronized interleaved units ILVUbi and |LVUcl to

the sane values, and simlarly set the Mand N paraneters of the

synsghroni zed 25 i nt gdsaayash whé ssd¢énAbloasdibb¥ier Bathhetsane twal ues. By
- 145 thus using the sanme GOP structure paraneters in both angle data MAB
and MAC, tHecpddsgntsatsitem tdomeradflehe2 300 dpegreratds f theedecaaghgs can be
set to the sanme on the smallest angle switching unit |evel. Thus, when the
angl e i s 5séfnade§tBomefiindtnonidie stneamiBls [fob2the wihdee,data MAC

| LVUc2, contijguous video presentation wthout video intermttence or
over| ap at SPRePaFFIEeswnianchiawg iso Rt eams eoreespordinachasthehe angl e

switching tigin esgtmeen these two IILVU is the sane. 10 A nethod for
actual |y SEFE%HS hECERFTF Wath PR i th theesyoherndesadrredfolngl e

swi,irching unit level_.to the s value,in different .angles |s descri bed
nexltto Wi tg ref erence W%erkiab?tﬁg,@o?‘haﬁ%.pii‘?Fa{LhaufiﬁPgFF@ & ruffi*Bs | LVUbl ,
| LVUb2, IL : VU jJy 15 di i ket s,
| ndi oot ed Seiie, BAckslE LHNALL RIS S SPGB ndPer heRRLPSC et S

present at i 9AnuLEBRsE’ ANAOPTRIMaY GSIFEEwAS @t SekshevR Lot e1bkoyne,
I LVUbl and ILVUci in the nmulti-angle scene period have the 20 sane nunber

of audi o paapenese?) Enafdsh,Veh2zran, |dndjdr hetieet heasgiBgayTbesrof audio
packets (3). By thus witing the sanme nunber of audio pacaets to the
synchr oni zedampfler,| eavidcareittes 10 \ls fsslidriad etnd ench eoflatRe MABngadghiAC
the audi o data presentation tinmes can be set the sanme on 25 the snall est
andPe swi t EBRRYSUNi Asl desicripead ffmentwith 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



- 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 audio waves, it may not heggpossible (as described 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 audio data presentation tinme. It is possible to
avoid intermtting the audio presentation, however, by witing the sane
(common) audio data to each 15 angle within a nmulti-angle scene period on
the smal | est .angle sw ' ' I vi_ousl scrj hed,
seanl ess ??lbf g%rra }}eorﬁmpécgé;ien a ?%na%a%y%% é§%§g5e§8b§5§rrs ??:r%“t eecc’oda fa to
assure contgqguous information content before and after the connection
points 20 in the reproduced data, or by formatting the data in cl osed data
units that are conpsgiedyohephadifgdrabtibBassS Won®RiikedAinthe A further

mul ti-angle scene period data structure in which comon audio data is
witten t qerading fdeydl 2oednotige i Sysbemndesolieg. 2800 YelkipertiRal
structure shown in - 147 Fig. 45, this data structure is achieveg’by
wisti ng awtitputat daHdarideo cosppbep ectmtdj napdchudibt bhitsgreams (indgwt | eaved
unit ILVU) to the angle data MAB and MAC. Because the audio data is thus
conpl et e Vinow e adoreamtenfter 24 @fi £o| the), vaddpobuiferprédici ng a

di sconforting audio wave_as a result of connecting different audi o waves at
the angl e SSRTRAGTHF DI HEESF 12790t rRIupHdd9eRuUthgr 2RE%aR§ &hes changed by

it chi f first le int d it ILVUb] .t d le 10
i or | eay @A (S SR S LncoRHoSAdPYSaBLE S FEReAE Sicehe

i od thys structyred, hat_i ig d is. f d with th

PRai o ey ash SRS Gydkd St H8in SE0ER) SHBhE, CRhRPL B S RAR ih, 1 °°™
tatis i | i i t i J dat

PR ot e Bt FEOH he dodfs AES) SUEdotor] JRboRANNNEN! BRcR T R 012,

usi ng Dol y-ACtheaush e £RAb BBt NE4bb"RabaBe €REM 8L akiaNaccAE J5Idi ned

even when the angle is changed, and contiguous audio 20 reproduction can be
achi eved ajutgecsngie cottedpogdPpaynpacks to the respective buffers

(i.e., the video buffer 2600, sub-picture buffer 2700, and

audio buffer 2800).

15 The system decoder 2500 detects the presentation
time stamp PTS and decoding time stamp DTS of the smallest
control unit in each bitstream St67 to generate the time
information signal sSt77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding

20 system controller 2300 as the synchronization control data
sts81l.

Based on this synchronization control data st81i,
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



W t hout noise or intermttence, because comopn audio data is witten to the
smal | est angle switching units (ILVU) of the angle data or is conplete
within each interleaved unit |LVU. - 148 1t should be noted that the
present invention shall not be limted to only two or three types of angle
data MA within the nulti-angle scene period. The nulti-angle scene period
T2 shall also not be limted to 5 B units, and nmay extend for the
duration of the title stream It is therefore possible to achieve seanl ess
i nformati on presentation as previously defined. The operation of

mul ti-angle control based on the 10 digital video disk data structure is

t hus as descri bed above. A nethod of recording to the recordi ng nedi um

mul ti-angle control data specifically enabling selection of a different

le d ' ile. ' I S Lt h
ULt - eGP NS SIET & AR Ao RERE, P BB DB HA LTRE ComFor g o
nul'ti - an e er 1 i Foif g
it or oavd 0uny dpsidtn TR0 Mot | Ends FASTRIA s TIRG L3N he 20

mul ti - angleG r34605 DRI UbdS RSV, épa@@siaaargeaﬁgge@ Qpk region, and the
common angle data BA3 followng thereafter is arrayed to the next

cont i guouguy-Pflctha®d ecdiei gy eseLet t i§he1dsta1ShhHChuke oSReWaai Fig. 16,
t he conmmon angl e data BAl constitutes one cell, the nulti-angle data MAL,
255VA2, ag@ddEmadtatsSidnd e 9083 cebl théheubepligture &4%oder 3100

and audio decoder 3200, respectively.

The video decoder 3801 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 3801. The video decoder 3801 thus detects
the presentation time information contained in the wvideo
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



corresponding to the nulti-angle data MAL, MA2, and MA3 constitute one cel

bl ock (the cell block node CBM of the MAL cell = "cell block start", the
CBM of the MA2 cell = "between first and last cells", and the CBM of the
MA3 cell 5 - "call block end"), and these cell blocks are angle bl ocks

(cell block type CBT = angle). The common angle data BA3 is the cell that
connects to that angle block. The ce #;cell connections are also set for
seanl ess pl ayback (seam ess playback ™ tlag SPF = "seam ess pl ayback”). 10
The structure of the streamcontaining a nulti-angle scene period and the
basics of the on-disk layout in the preferred enbodi nent of the invention
are shown in Fig. 47. The nulti-angle scene period is a period in which the
stream can be freely changed by the user. In 15 a streamw th the structure
shown in Fi

47, it i.bl it ta VOB- VOB- D durj
reproducti o eﬂ?obeg}é&sﬁggightﬁgr 8?%%4%@§ﬁiﬂé{§é%ﬁ%ﬁEQ%%OSM#%%%gtO VOB- B
VOB- D durj : I - i . r C . VOB- B
o VD o spsolicnin WL MERC, mad e liaD oo Coor e
h i th | i . h | 1 j i |
Chtor) oave SEED9 o, thal £rb e cpidutcRd SUUCY ey | Sed g oRtBut tkon,

and is defipgrd g3dbbeqarader R0 aave till retmldefd nd\:-bikitb FBHRESAEN!
information is also added 25 to the angle interleave unit A-1LVU The

navi gati on paok are 2pProb¥iptediyoselly ctest ane b wutespontset @isprayA- 1 LVU
managenment information. An exanple in which the | ast pack address in the
current A-I|oblezntot hbeaddnebesdzerhé59@xt A-1LVU are 5 recorded for plural
angl es is shown as another enbodiment of the invention in Fig. 48. Wile
this figure is very §he |sabtridqhiure Alecqdrr ahiff@ simblavivegeneratels VU
conprises two video gbject units VOBU in this exanple, and the navigation
pack NV of EBEhSUPBDIEENES RYTPNE FEFYSStd SEFTRHc ISR RIrRazeqd Loy Hhe

i ndi cat i the add f t I k.n _the ILVU to which the VOBU
bol ongs,  AnTLPRESRERE S| CPOONAR, SHARtosd FEr SHCH ari G4FRUHROER HRe. 4o

b

SM, ,AGL Cl_DSTA. - . d h
ﬁ]u%gr of s%‘??b'é%cﬁgg% ﬁ%f%vigg-zé@i)'on-ig':%%s%%qﬁ;c%?it%i(%i% {-ﬁié HH%Zsts ©
i nf ti . . . ' ! . .
i cati ng PRED EnErEurst S ehee ety S A AR RLEYOR

recordi ng tBatpask Raek saddrastudied deheedtrdd Wb st ts@gdp essutar each
angl e data block #1 - #9, it is possible to know the 20 address of each

next sel ect dbbedamrgbaecand Basad tooh the prdddreraniomnglee strpernathont
readi ng unnecessary angle information. For interleaving data in the
mul ti - angl ecentadnpdr iiod thal suwm@lieturee strteam 685, ttthe heubapictime 25
reference (interleave boundary) using the angle interl eave
15 decoder 3100 decodes a length of the sub-picture stream
St85 corresponding to the specified presentation time to
reproduce and supply to the synthesizer 3500 the
sub-picture signal St99.
The synthesizer 3500 superimposes the selector
20 3400 output with the sub-picture signal St99 to generate
and output the video signal St105 to the video data output
terminal 3600.
The audio decoder 3200 generates and supplies to

the audio buffer 2800 the audio output request signal St88

25 based on the audio stream decoding start signal st93. The



- 151 wunit A-ILVU for the shortest read tine. This is to enable the angle
to be changed as quickly as possible within the performance limts of the
DVD player. 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 angle (the angl e being repggQuced when the angl e was changed) in
the track buffer has been consuned. "ft 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 encodgd v%?ﬁgg stream fornm ng the VOB nust_be the sane for each VOB,
and the tia24P VHEERTeZERC S @g\}’é"’tﬁﬂ FhERYE G SRR SEFUSsEO bEhe he

sanme, i.e. i ] ea nit -houndar. es;, nus{ be co n or each

interl eavealllf?llg]g g? E? Hggségg%r'epr%u&q%’ P tqer%OqterF 23012(, %%‘;e%ﬁ‘e

speci fical e AT ﬁqg[ i divided into the
sane nunbeiré(rcl) glﬁn%gr F}e{g\?éug%%tstsé angp%risa?rcgpro u%%?qb oo?h%ai d

interl eav ! i BHS i3 4H .

consti tut ﬁ%égggﬁggngrggﬁbg?t%ﬁiﬁvﬁ%ﬁﬁgﬁ%ﬁgﬂsea?eren%%ar %ftlme

intgrl eaveinpbifatadd thathited in ¥R dudidy ISPeandsd Vigt® dutpuks< N
in each angle nust have the sane reproduction time. Mreover, to seanfessly
reproduce tie datefkdawadini tstreaimvetlodadd an@ eudie ERreOdagsEE eam must
be 5 conplete within each interleave units. This neans that under the MPEG
standard, texmébad BDPOstructure using a conpression nethod that does not
reference any frames outside the interleave unit nust be used. If this
method is not used, 4% iiSs thets RRSSIREe % sepreduce onneseraddf 10edepr oduce
interleave upjts fromdifferent angles. By using this VOB structure and
interl eavem"bﬁh'mﬁfjil@m?éﬁﬁtrﬁ&% " W ASPudide §FSRRFBNDES 2 possi bl e
tigr-wW se n i.f .the.anagle_is changed. The .nunber. of interlgeave units in
th mﬂti-g%%FEdfglgsgng FEATEE i s & SRS Hﬁ;i e RABetEte i ther | eave
units int t | es 4t rrayed within the | di stance
after an i‘ﬂ%é?l gg\ﬁigég%i ? Fgl%?teeg%%%%%aer &rﬁg "t ﬁ\geaiﬂr@né%er%%feg?&f'ﬁels

| nterl eavegyval t8 FBpPaalcaNghe ditad MR Qatlidey IEPIGIIGRA L[5t 11
each angle 20 are arrayed in the angle sequence, and are subsequéentTy

foll owed byhéheekhteal sayaentict Sy eRPIGERA L thd MBAGHIH € bei ng
arrayed in the angle sequence. Thus, if the nunber of angles is M (where M
i s a naturkaltstnbem, MBSdcbreesionddng tHe the eargited Sangeidim (Where m
is a natural 25 nunber, and 1 < m< M, the nunber of interleave units is
N 15-153 (where N i §tashemddalbenuniierd dihett ethe decotingusysteml), and the
n-th interleave unit in a VOB is interleave unit #n (where n is a natura
number, arftPitEoOhler\g300hBayhEMPPdYy &henitd tdeydarfarmat imylsignal nt er | eave
uni t #1,

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 Sté63 contained in the title
information signal St200, and displaying this title

25 information on a display for user selection.



5 angle #2 interleave unit #1, angle #3 interleave unit #1, . angle #M
interleave unit #1, angle #1 interleave unit #2, angle #2 interleave unit
#2, . If the interleave unit length of each angle is the shortest read tine
for seam essly sel ected angl es where 10 the angle change is seanm ess, the
maxi mum di stance that nust be junped when noving between angles is the

di stance fromthe first angle intetlsave unit in the sequence to the | ast
interleave unit in the interleave uﬁlf sequence of the next angle
reproduced within the sequence of angle 15 interleave units reproduced at
the sane tine. Thus, if the nunber of angles is An, the junp di stance nust
satisfy the followi ng equation 7. nmax. angle ILVU length x (An - 1) x 2 <
j unpabl e distance [7] 20 Wth non-seamn ess nmulti-angle swtching, each

angl e nmust be seam ess|y reproduced, but seanl ess reproduction is not
requi red when novi nd'® vwﬁ#%%ﬂ@ﬁesthQﬁeFEFoFEFePF PHE fent @4100ay & ideia

| engt h of each angle is the shqartest read tj t he_ paxj nym di st ance t hat
nust be ZSSP %ﬁ%ﬂgﬁﬁgh|ﬁ£k7%}%§ﬂﬁﬁ*ﬁ?é¥%ﬁeéj$@’t%%dﬂ?s%gﬁgérbéﬁﬂﬁen -
154 the i ri i I T, i h nber .of. _angles is
An, the ju%%%df%?éﬁ%%ﬂﬁﬁggﬂggﬁﬁggvﬁ?ﬂéﬁﬁ%ﬂ r%%;%%u§¥$gﬁ ndgp t figl e

I LVU | engt B 4ufr3 asllsepardmalig di sdanssc fudd hofe OF HREIBhAY 1y
addresses on"the switching unit |evel between multiple angFe ata &% in
muf &5 - angl aiggRARmAr i ads Wil escidhietbbe) aowevdr | eERaeNgestAgkys. 49 and
50. In Fig. 49 the angle interleave unit A-ILVU is the 10 data“sw tching
unit, and b€ fatddmesoryl durotdercangsliad etd epyevidét thel EXkei s witten to
t he navi gation pack NV of each angle interleave unit address description
achi evi ng diiscrerteufiued triggradditgt ipn tfmd-SsHanrs aoitestiag aethed apeci f
whereby only the data for the to be reproduced is read into angle is
changed. APREYEr megorzy wiifdwan Rpereding sspegrt dellisxabntimes. fasheraudi o

and vi deo ta. ically provjdes for control interleave units of the angle
the track gg‘ﬁf‘ert%é'ﬁ— é“'é FrS® FRS A ST SePRTAFenbukEevRdeo

10 Multi-scene control

The concept of multiple angle scene control
according to the present invention is described below with
reference to Fig. 21. As described above, titles that can
be played back with numerous variations are constructed

15 from basic scene periods containing data common to each
title, and multi-scene periods comprising groups of
different scenes corresponding to the various scenario
requests. In Fig. 21, scenes 1, 5, and 8 are the common
scenes of the basic scene periods. The multi-angle scenes

20 (angles 1, 2, and 3) between scenes 1 and 5, and the
parental locked scenes (scenes 6 and 7) between scenes 5
and 8, are the multi-scene periods.

Scenes taken from different angles, i.e., angles
1, 2, and 3 in this example, can be dynamically selected

25 and reproduced during playback in the multi-angle scene



20 object unit VOBU is the data switching unit, and the address of another
vi deo object unit VOBU is witten to the navigation pack NV of each video
object unit VOBU. This addressing nethod provides for non-seamnl ess
reproduction control whereby reproduction can be changed as quickly as

- 155 possible to another angle near the tinme when the angle is changed. In
Fig. 49, each angle interleave uniig{A-ILVU in the three nulti-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-angle data VOB-B consists of angle
interleave units A-1LVUbl, 10 A-1LVWb2, and A-1LVUW3. nulti-angle data
VOB- C si m | _ar:l y. cons i i = L -1 L and
Al LVUc3fTbae%Id‘&r§u1 tirk-%aflég ee%daa%-'{)g %{éﬁ% g %F?SQVXH%HFP?IJA- I\AL%l ,
A-1LVUI2, aRd = IdndId3 s Me AW SHd ON fa&kedVe oananel,enh%%gl eave unit 15
A-1LVUbl contains SM. AG._C#l r DSTA pointing to the relative address of the
next angl @iieHeridaveontint Add B4 Te MBI B, 2R KHSWNLRY skileetRa b; SM
AGL C#2 DSTA pointing to the relative address of VOB-C angle interl eave
unit A-| L¥daZ isyaicty ore ek tmldimscanseqivest ) angle interl eave 20 unit
A-1LVUb2 as shown by line Pblc; and SM. AG._C#3~DSTA pointing to the
relSati ve address ofWhheh\oB-thasgl ecéneer Feame thei mudtil-dddheas shown by
line Pbld. As shown by lines Pb2b, Pb2c, and Pb2d, the navigation pack NV
of the neperdffi® intle Ikaselartedxnd | reppRdngethéssded inededyolfhect
VOB-B | i kewi se cont ai ns - 156 SM. AG.. C#l DSTA, SM. AG.- C#2 DSTA, and
SM. AGL CHSSBSERYAMRNERS SHNIIAFEEESHTF o208 2nfe thexebingl e

i nt | its A Ubh3, A-|ILW3 d A-IL i - B,. VOB- C, d VOB- D,

| oenect ry ottt e The sodnariy e TRCu{P diBa' BEETa LT Srata Sd he
m f . i td f t ai d i h

e eavd T > A AR 204000 RO 10e 0! ahDe o CBaCOT! 2 Nod 0 e28

of ig he i st Nl idterdeave M tsfehd VEinha ﬁQe}{OBrlgseile%tedS"ﬂo‘rAG— CH2

DSTA pointing to the relative address of the next angle interleave unit

A-1LVUC2 ightiR: Grastisdgyardytdl Meodiedd ; sSdhe AGbr £8& . DSEAMAQiaRtiyNGt O t he
relati ve address of the same (next) angle interleave unit A-1LW2 in VOB-B,
as shown kpedraneid’cd p;tlamdudéer ShAn A e€ly BSIAchoanyi of tthet he rel ative
address of the VOB-D angle interleave unit A-1LWI2 as shown by |ine Pcid.
As shown byaltieangFcscened, amd Feene 7hkasabegat brespdekctid dfort he next
angle interleave unit A-1LVUc2 in VOB-C |ikew se contains the relative
addr esses OFESNE Jam thg paemntab\oqked cagensTRerafd -SM. AGL C#3 DSTA
pojnting to the nexi .angle_interleave_units_A-1LVUc3, A-ILVUb3, and
/¥1{RAHS in the resﬁéggiVﬁfGFGBSeogPegfgsVCép AFS ot AT ML r el at i ve

ERete R DI e S S e T
e YL oy o ocpangRey SRhioh RRRRMS LRI |
the rel at iyie lr@ssr of s t DEoRe Xk i BTk 8shaELr t8aye vaairt gatal VU2 in VOB-D
construction. The scenario 1 and scenario 2 shown in Fig.
20 21 are described as program chain information VTS_PGC#1
and VTS_PGC#2. VTS_PGC#1 describing the scenario 1
consists of cell playback information C_PBI#1 corresponding
to scene 1, C_PBI#2, C_PBI#3, and C_PBI#4 within a

multi-angle cell block, C_PBI#5 corresponding to scene 5,



5 as shown by line Pdld; SM. AGL C#1l DSTA pointing to the relative address
of the sane (nexty angle interleave unit A-1LVUb2 in VOB-B, as shown by
line Pdl b; and SML. AG. C#2 DSTA pointing to the relative address of VOB-C
angle interleave unit A-1LVUc2 as shown by line Pdlc. 10 As shown by |ines
Pd2d, Pd2b, and Pd2c, the navigation pack NV of the next angle interleave
unit A-1LVUJ2 in VOB-D |ikew se comgbains the relative addresses SM. AG. C#3
DSTA, SML AG. C#1 DSTA, and SM. AG._C#2 DSTA pointing to the next angle
interleave units A-1LVUd3, 15 A-1LVUWb3, and A-1LVUc3 in the respective

vi deo objects VOB. Again note that the relative addresses are all expressed
as the nunber of sectors fromthe navigation pack NV of the VOBU cont ai ned
in each interleave unit. In addition to the addresses SM. AGL C#l DSTA 20

data o5 plebPald ¢ e (10 s { A O BRER] KB BEpapRAT

descripti%%igggggﬁsis thus omtted for sinplicity. This address
informati on nore specifically 25 includes in the navigation pack NV of
angle interleave Unyts pgcip8 abstiVbbhg tRE 8%8RAKEo bheded Aaddress | LVU
EA of the angle interl®ave unit A-1LVUbl to which the navigation pack NV
bel ongs, a1 el ylsaie et Sihatin BIPBEFR, cbbedfbnidgDERASuMe SN
AG._C#3 DSTA of the navigation 5 packs NV of the next angle interleave
unigs A-1IQNEBI#2 ) LO/WRBT#3Y |dandUd2 PBIE#4 caithinr apnolitdedngllee ceddi gat i on
pack NV of "A-1LVUb2 contains the end address | LWEA of A-1LVUb2, and the
addr esses HHMcKAGOTES BSTH ngMo AG ML PISTA e andesil. RGPBT#S DSTA of the
navi gation 10 packs NV of the next angle_interleave units A-1LW3, A-1LWS3,
A-1LVUd3 airefRE imhet qas¢eat i Dn RaRRIAY SPrRSFROUBANg: ko Isgame 7,
interleave unit in the sequence_in this exanple, contains the end address

| LVU EA ofRTR I RBEF7 FRETRFRPFAA DN nFOPREL Pon ASCPREIRGEESENS the

navi gati on, 15 K of the next, A odyc e. g, NULL val ue or
string of d&ff‘t%salca‘élj‘\%/%?e ?X%%h&aﬁ‘ﬁeéé%%%ﬁﬁ?%é %f S?_ﬁgea _Brlé:z‘s %" for mat i on
wrigten to. e of hﬁ{i%!gfoao ééﬁé?i%/%cdégéri/@a[)a‘s”at BleS 18XAMRIE s € the
sare. 20 By writing this address infornmation to the navigation packs NV of
each angl g iy{&f l@aveeWldr A LhYY, a i bcbRaPP8SEEYBeERBCRY ANRAG ! he pddr ess
of the next A-1LVU to be reproduced in chronol ogi cal sequence, and is

t her ef ore galidweh iegean ess reproducti on. Furthernore, 25 because the

address of the next A-ILVU in each of the other - 159
In Fig. 31, the case that a scenario requested by

the user shown in Fig. 21 is shown with respect to a VOB
15 data construction VTSTT _VOBS. As specifically shown in
Fig. 31, the two scenarios 1 and 2 use the same VOB data in
common. With respect to a single scene commonly owned by
each scenario, VOB#1 corresponding to scene 1, VOB#5
corresponding to scene 5, and VOB#8 corresponding to scene
20 8 are arranged in non-interleaved block which is the
contiguous block.
With respect to the multi-angle data commonly
owned by scenarios 1 and 2, one angle scene data is
constructed by a single VOB. Specifically speaking, angle

25 1 is constructed by VOB#2, and angle 2 is constructed by



avai l abl e angles is also recorded to each navi gation pack NV, the next
address of the selected 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 same control sequence. By
thus recording the relative addresses of each A-1LVU that can be sel ected
from each angle, and constructing.ighe encoded vi deo stream contained in
each 10 A-1LVU from cl osed GOP, seamnl ess reproduction w thout video

di sruption can be achi eved when the viewi ng angle is changed. The audi o
data can al so be seam essly reproduced if the sanme audio is recorded for
each angle, if the audio 15 is conplete within each ILVU, or if discrete
audio data is recorded. Mreover, if identical audio data is recorded to

each inte d ab | i I WM t e b i scern
that the g}u I'o 't ragﬁl%at\é&aén%gsdé#%% % d‘%’dc))B?g'segﬁpgsgf’gglrtggﬁcggﬁced
across anghf {Ghanfipe Htd mtﬁﬁé&%yr&snﬁﬂgéﬁgeaoaassqm;fcsavor the

reproduction of angle changes, i.e., seam ess data reproduction permtting
per cepti bl Ky ek switdHithg B edewfeddle 4rpredunaadskeahoearti on, is
descri bed below with reference to Fig. 50. - 160 It is assuned in Fig.

50 that mieprahgitel aatef \&REIB aonle i dxat hr 8eenedeé abpelt perulda¥OBUDI
VOBUb2, and VoBUb3. Milti-angle data VOB-C simlarly conprises three video
obj%®ct unittcs sgEBlAatios/BWH ZindreaReBivehyl, SayeRtpraedpass&det hree vi deo
obj ect units VOBUdI, VOBUd2, and VOBUd3. As in the case shown in Fig. 49,

t he navi gdfit@¥ inaiednpick£9r ViR oSVURp ef SRRMLCEBUreBREANGEi0Me end pack
address VOBU EA of each VOBU. te_t hat tgis end _pack address VOBU EA is
the addreRetdteen RRARRRR i $FPNYS REKCRK 7R aPOBUACERFFESENGSa Wi Gt i on

k NV and t ks. 1n thi le, h , the NSML AGL
G DSTA AU eh (HeRAP S T TS TR P AR RDBor each VCBU does not
descri be a chronolqg§c§%%¥r£§£§rig eaQQBQ%S’tﬁ%téggiﬂgﬂyéﬁﬁééﬁ% VOBU i n
W uc Ing the time

a different angle 1 a reproductrion time prece angl e

i syghangedscdih i edn ¥l don P4l essesaiShe Akl E44aDBTAUES 1NEN I \En L9
DSTA to VOBU in other angles synchronized to the current VOBU are recorded.
As above, #ldeo #i tBPIEBLPack 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 video 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 periocds and multi-scene periods, and
between multi-scene periods.

Hardware factors contributing to intermittent

playback of this data and title content include decoder



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
angl e does not exist is recorded. Thus, the navigation pack NV of video
object unit VOBUbl of multi-angle data VOB-B contains NSM. AG. C#2 DSTA and
25 NSML AGL C#3 DSTA, the relative addresses of the - 161 synchroni zed
VOBUcl and VOBUdI in VOB-C and VOB-4) as shown by lines Pblc' and Pbld' . The
navi gati on pack NV of video object unit VOBU2 simlarly contains as shown
by lines Pb2c' and Pb2d' 5 the relative addresses NSM. AG. C#2 DSTA and
NSML. AGL C#3 DSTA of the synchronized VOBUc2 and VOBUd2. The navi gation
pack NV of video object unit VOBUb3 simlarly contains as shown by |ines
Pb3c' and Pb3d' the relative addresses NSM. AG. C#2 DSTA and NSM. AGL C#3

DSTA 10 of hr onized ; OBl deV T i L O c of
vi deo obj LunBEr Y86 Bhe ’ ?/}ésmz,glgﬁd VRt Een g WodR s fph¥ ©

the rel ati¥ge8ddaRESERe NSMEoAThgCEDeLETH raRh NIMp AT s Suldc &AL QT t he
respectively synchroni zed VOBU as shown by lines 15 Pclb', Pcld', Pc2b',

Pc2d', Pc3b', and Po3tler Factons gatliave paskshd\\podpatdeasobfeeheunits
VOBUdI , VOBUd2, and VOBUd3 of VOB-D |Iikew se contain the rel ative addresses
NSML AGL HlaypSadkadadtAlSM WAED €hHe2 P$agxbeick ldateesizealatvel yhaymohsbnbaed
VOBU as shown by lines 20 Pdlb', Pdlc', Pd2b', Pd2c', Pd3b', and Pd3c'. The
angbe sel ezenbinudusd¥sreprefreetod oNSRL crastent me twn NsMn Actder9 DSTA

for non-existent angles #4 - #9 in this exanple record a value indicating
that correSpBnERfguaREl £9 HBAREEtaRAsthee Gpntenty qFy jpformation,

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 “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

15 information reproduction." It is obvious that continuocus
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



- 162 During reproduction of angle data with this data structure, the DvVD
decoder interrupts reproduction of the angle VOBU data currently being
reproduced when the angle is changed, then reads and begi ns 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-Crelative to VOB-B and
VOB-Din Fig. 50, this is nerely tgsfacilitate easier understanding of the
address descriptions witten to the 10 respective navigati on packs NV of
each VOB using the line arrows as shown. There is, in fact, no tine
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
anot her Vi | d nqrnal.l I 0 i Lyt ously with
or chrono ogf"'%g?%’}ﬁ%g‘ o(riél %ﬁe%a\}ﬁ cgrﬁgnn%;eq—?réééa%%‘g&éng%fgﬁrgm ?8%

Ther ef or ey iMQQm&Q%eﬂ%gtlp%eis%r&%'l%‘?ﬁg WHRIY QP Cﬂ@f&ﬁmséégﬁom a

scene at 20 a past point in tinme. This nmethod of encodi ng the address

i nformati gpoinS thBUp1RKParka st kel ree AHeASS Ao Skt &d NghPRE chgqui red,
i.e., for non-seanfess information reproduction in which contiguity is not
requi red bpetke Haptheudata Mepromuaion5 Fl ow chart: encoder -163 The
encodi ng information table generated by the encoding system controller 200
from i nf opeteids eft Seamdesly @mhaviakcenario data St7 i s descri bed bel ow

referring to

The specific method enabling seamless
reproduction as thus described is described later below
with reference to Figs. 23 and 24.
Interleaving
10 The DVD data system streams described above are
recorded using an appropriate authoring encoder EC as a
movie or other multimedia title on a DVD recording medium.
Note that the following description refers to a movie as
the multimedia title being processed, but it will be
15 obvious that the invention shall not be so limited.
Supplying a single movie in a format enabling the
movie to be used in plural different cultural regions or
countries requires the script to be recorded in the various
languages used in those regions or countries. It may even
20 necessitate editing the content to conform to the mores and
moral expectations of different cultures. Even using such
a large-capacity storage system as the DVD system, however,
it is necessary to reduce the bit rate, and therefore the
image quality, if plural full-length titles edited from a

25 single common source title are recorded to a single disk.



Fig. 27. 5 The encoding information table contains VOB set data streans
containing plural VOB corresponding to the scene periods begi nning and
endi ng at the scene branching and connecting points, and VOB data streans
correspondi ng to each scene. These VOB set data streanms shown in Fig. 27 10
are the encoding information tables generated at step #100 in Fig. 51 by
the encodi ng systemcontrol |l er 20Q §gr creating the DVD nul ti nedi a stream
based on the user-defined title content. The user-defined scenario contains
branchi ng 15 points from conmon scenes to. plural scenes, or connection
points to other common scenes. The VOB corresponding to the scene period
delimted by these branching and connecting points is a VOB set, and the
data generated to encode a VOB set is the VOB set data stream The title 20

nmb [ fd hS id | NO of
The vos Saif i Oy e b3 UhpteR BY SREPFRIFY o Bl dantd ot he ©
data cont enfyfof €108k NGn PPEoNER Sehdl RellBeadYHy e ddgnait$am and

conprises:” the VOB set nunber VOBS NO, the VOB Z5 nunber” VOB NO in the VOB

set, the pyiecesage VOB s8R €58le foibéachodiedor@ht Wi MOBEp, the
foll ow ng VOB seam ess connection flag VOB Fsf, the nulti-scene flag VOB

Fp, the irteid asechdd agakeB ki, pvheibilkt toamgicorid alutR RFritlde for

mul ti-angle seanm ess switching flag VOB-FsV, the maxinum5 bit rate of the
i nt®r | eavell f4Brenty gRinthieauaberudturgsetice v dngd® diptt s¢ahsdigh/ DIV,
and the mnimuminterleaved unit presentation tinme |ILVU MI. The VOB set
nunber VOBS oWk pedegiedt PP RiFHER TRl yitherafonmB xekta tning he

position of, the, VOB set in 10 the reproduction sequence of the title
scenari o. PRAENARAGENERRLYEE-NO is a sequential nunber

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,



i dentifying the VOB and the position of the VOB in the reproduction
sequence of the title scenario. The precedi ng VOB seanl ess connection fl ag
15 VOB Fsb indicates whet her a seaml ess connection with the precedi ng VOB
is required for scenario reproduction. The foll ow ng VOB seanl ess
connection flag VOB Fsf indicates whether there is a seanl ess connection
with the foll ow ng VOB during scena%'o reproduction. 20 The nulti-scene
flag VOB Fp identifies whether the set conprises plural video objects
VOB. The interleave flag VOB-Fi identifies whether the VOB in the VOB set
are interleaved. The nulti-angle flag VOB Fmidentifies whether 25 the VOB
set is a nufti-angle set. -165 The nulti-angle seam ess switching fl ag
VOB FsV identifies whether angle changes within the nulti-angle scene

period are_ seanm ess or not. The maxinmumbit rate of the_inter]eaved VOB 5
"IV BR def PRSEVTe ABATIRIHE THASE BLIHRL [T eheRabEn JERSTLPRE. REFBer of

i nterl eaved VOB di Vi Si onséelﬁ]/fl V i%ﬁﬁ#ifi es the nunber_ of interl eave units
in the int&F EXRAEFVEE L LR ?FﬁQﬁI%%&%F%n??gb?gsentation time

| LVU MI def,i ts [ t hat [ f th
smal | est ?ﬁk’gﬁié:&@%éﬁhrﬁtasﬁﬁ#% gﬁ?‘{%_g%ﬁfgrgﬁg[]%é%ﬁ glr#‘?g\?vggt g_te dges
hot occur fdiﬁé@@f@ﬂ“ﬂ@iﬁj Al Qnd e ARy EE | e et VEBe LY RR dYhiRd

i nterl eave 5 bl ock reproduction.
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 thé
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
RC1l. The problem here is that the time required to move
the optical pickup makes it difficult to continue
reproduction without creating breaks in the audio or video,
i.e., to sustain seamless reproduction. This problem can
15 be theoretically solved by providing a track buffer (stream
buffer 2400) to delay data output an amount equivalent to
the worst access time. In general, data recorded to an
optical disk is read by the optical pickup, appropriately
processed, and temporarily stored to the track buffer. The
20 stored data is subsequently decoded and reproduced as video
or audio data.
Specific Problem in Interleaving
The operation of the stream buffer 2400, or a
track buffer, in this DVD system is described briefly

25 below.



The encoding information table for each VOB generated by the encodi ng
systemcontroll er 200 based on the scenario data St7 is described bel ow
referring to Fig. 28. The VOB encodi ng paraneters descri bed bel ow and 20
supplied to the video encoder 300, audi o encoder 700, and system encoder
900 for stream encoding are produced based on this encoding information

table. The VOB data streanms shown i, Fig. 28 are the encoding information
tabl es generated at step #100 in Fif 25 51 by the encodi ng system
controller 200 for creating the - 166 DVD nultinedia 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 exanple, a VOB set conprising three angle scenes conprises
three video objects VOB. The data structure shown in Fig. 28 shows the

content of the dataBPERUERCEITAGIONEVERSSA tIRNEHE RF atlRerepkicahe VOB
mat or ol GHEPR (RO VRREE LRECOPEBERaIY PP B AR, SRR deo
eneodi 1o Wils (.Y BB hfCappdLg BBEELRL il e N éSlcilg aud o
e SncoHLeR i osghects QpERea Tl et Y Sglontey R VST 1

5 rate. Output from the track buffer, i.e., the transfer
rate Vo to the decoder, however, varies according to the
image quality, user intent, and even the variable bit rate
of the compressed video data in the DVD system. The
from~disk transfer rate Vr is therefore constant at

10 approximately 11 Mbps in the DVD system, while the transfer
rate Vo from the buffer is variable to a maximum 10 Mbps.

Because of this gap between the input and output
transfer rates Vr and Vo, the stream buffer 2400 will
overflow if data is transferred continuously from disk.

15 Therefore, to prevent the stream buffer 2400 of the
reproduction apparatus overflowing, data is transferred
intermittently from the disk. The stream buffer is
controlled during normal continuous reproduction to always
be in a near-overflow state.

20 It is therefore possible by using a stream buffer
2400 to sustain continuous, uninterrupted data output
(reproduction) even if there is a slight break in data
reading as a result of the read head (optical pickup) 2006

jumping to move between logic sectors LS on the disk. 1In

25 an actual reproduction apparatus, however, the jump time



video signal. The video material end tine VOB VEND is the video 20 encodi ng
end tinme corresponding to the tine of the video signal. The video materi al
type VOB V KIND identifies whether the encoded material is in the NTSC or
PAL format, for exanple, or is photographic material (a novie, for - 167
exanpl e) converted to a television broadcast format (so-called tel ecine
conversion). The video encoding bit rate VBR is the bit rate at which the
video signal is encoded. 5 Th@ audio material start tine VOB AST is the
audi o encoding start tine coérresponding to the tinme of the audio signal.
The audio material end time VOB AEND is the audio encoding end tine
corresponding to the tine of the audio 10 signal. The audi o codi ng net hod
VOB A KIND identifies the audi o encodi ng net hod as AC 3 «NBEG or | i near
PCM for exanple. The audi o encoding bit aé endibB MPOPhe hit rate 15 at
whi ch the audio signal is encodeda Bheeenlh I'ng paranetﬁé Sesfeekl by t he

vi deo encoder 300, qqumocmﬁeg encoder 500 oder 700, and
system%\p ?Teor VCB enc dips\é hown in F|% 9ntThe encodi ng

par ameter s |nclud§ er VOB NO,__2Q+tyi aud éﬁcode start time V
STT™M &g%aneacéﬁ 8nd tlne VZQH@TNutthagl eo enco (hfv ENCMD, the

vi deo efncode bit the maxi mum i ‘dem'@rﬁﬂ) rate V MRATE,

t he GCPost\_{aastﬂUrsé" | XI ng fI ag ree . Mﬂ’%@s the Vi deo egggelg a

p this JunP time s g 10 Mbps ¥

apsoT
p - 5 MbpSs

10 pc is the

20



GOP structure GOPST, the initial video encode data V INTST, 25 the |ast

vi deo encode data V ENDST, the audi o encode start - 168 time A STTM the
audi o encode end tinme A ENDTM the audio encode bit rate A RATE, the audio
encode nmet hod A ENCMD, the audio start gap A STGAP, the audio end gap A
ENDGAP, the preceding VOB nunber B VOB NO, and the follow ng VOB 5 nunber F
VOB NO. The VOB nunber VOB NO is ajggquential nunber identifying the VOB
and the position of the VOB in the reproduction sequence of the title
scenario. The video encode start time V STTMis the start 10 tinme of video
mat eri al encodi ng. The video encode end tine V ENDTMis the end tine of
video material encoding. The video encode node V-ENCMD is an encodi ng node
for declaring whether reverse telecine conversion shall be 15 acconplished

during video encodi gg,tiQ e%ﬁQ'%a%ff&%h%ﬁbé%%ﬁd“tf”“%héfﬁbaaﬁﬁg Rehgrial is
t el eci ne converted naterla The video encode bit rate V RATE is the

average bidodateeddsvasdes ﬁﬂﬁﬁdtﬁG- opfithe aaxkMMMal d2e &ieaierdt rate V
MRATE is the maximum bit rate of video encoding. The GOP structure fixing

flag GOP_Pdteagvspeandi ssonbst hee esedddngai dizectly itshethersthoedm changi ng
the GOP structure in the mddle of the video encoding - 169
buffer 2400. The stream buffer 2400 supplies the data to
5 the decoders 3801, 3100, and 3200 at the transfer rate Vo.
As a result, data 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 240Q. Data continues to be output from the stream
buffer 2400 to the decoders 3801, 3100, and 3200 during
this period, however, and the accumulated data volume Vd
15 remaining in the stream buffer 2400 decreases at the rate
at which data is transferred to the decoders, i.e.,
transfer rate Vo.
Note that while the transfer rate Vo to the
decoders is shown in Fig. 32 as a constant rate, data
20 transfers to the decoders actually occur intermittently
because the decoding time varies according to the data
type. These differences are omitted to simply this
description of the buffer underflow concept. This is
equivalent to the reading head 2006 reading data

25 intermittently during the jump period Tj, even through the



process. This is a useful paraneter for declaring whether seam ess switch
is enabled in a nulti-angle scene period. The video encode GOP structure
GOPST is the GOP structure data fromencoding. 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. Thigpis a useful paraneter for declaring
seanl ess reproduction with 10 the precedi ng encoded vi deo stream The | ast
vi deo encode data V ENDST sets the end val ue of the VBV buffer (decoder
buffer) at the end of video encoding, and i.s referenced during video
decoding to initialize the decoding buffer. This is a useful paraneter 15
for declaring seam ess reproduction with the precedi ng encoded vi deo
stream Th i r i T TM. h agt ti .0f ~augdi

mat eri al e%cegagﬂ nrgq Ei?%é;éigzu |63 cse%%%%“éﬁ%?&n@%&ﬁ%k}l i%let ﬁ”%é‘%& lt iLé%’es 0 of
audi o nat eny &l A d¥hnt] hei ik Oy €168 biergate b st idg rate
used for aﬁ%?ﬁzenggg?ng. The audio encoggyngthog A gﬁ%@%gfg%ﬁt??iggﬁﬁhe
audi o encoding frel sk as1 And, LMo ver cahnbar eRpiesten 25 exanpl e. - 170
The audio start gap A STGAP is the tine offset between the start of the
audi o and \HalElowires exdwd t Donsat

5 Ll = Vr - Vo (1]

L2

Vo [2]

Underflow occurs, and decoding 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.



t he beginning of a VOB. This is a useful paraneter for declaring seanl ess
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 vi deo
presentation at the end of a VOB. This is a useful paraneter for declaring
seanl ess reproduction with the preceding encoded system 10 stream The
precedi ng VOB nunber B VOB NO is theypd/OB NO of the preceding VOB when there
is a seam essly connected preceding VOB. The foll owi ng VOB nunber F VOB NO
is the VOB NO 15 of the followi ng VOB when there is a seanl essly connected
foll owi ng VoB. The operation of a DVD encoder ECD according to the present
invention is described belowwith reference to the flow chart in Fig. 51.
Note that the steps shown with 20 a double line are subroutines. It should
be obvi ous t hatywhi |84 he; pper 81 eRe deRALVIAM N iANUChAl S Specifdcal ly in
this case to the DVD encoder ECD of the present invention, the operation

described ph$@APRIIESYeAtatt fad i 1) €RE0EeprEQuced bl tkt rians gy #100,
the user inputs the edi'ting conmands according to the user-defined scenario

whi | e conf iinputy themonitardamibitderud 40 0edremsthec bitdata o g fdidr
St2, and St3. At step #200, the scenario editor 100 generates the scenario
data St7 caood riny irdepmboel stk t feontadbufifernsatizen according to the
user's editing instructions. Wen generaping the scenario data St7 in step
#20®, the user @Mitiheecopwnaaser efathe dodayiduadnginpwhdinitpeente | ock
mul ti-scene _periods in which interleaving?is Bresuned myst be input to

satisfy th®WFabWaR) RRR (FONsteti +Rt tRenEeRERIRERAPHESTr 93l STAkt be

t ot Sufficient i | i nd the t K _buff ity,
or f or mancd® [RPRAGRE L) § St oF s0rie81E9 T8oPHe BOB IR DI % et a0
tBhe repr Od%%&to%q@ao%{r?:?%stgfbé ng P:}’&&”ﬁBQeﬂegﬁtE;ar%%E\}%% qg{ erm ned,

ased on these val ues, e reproduciion trnme o heé 'shortest I nterl eaved

L Leon RASLIGAT EAISISTSs sk dpotaeplsphchlan SGlsen (e o
equggions 5 and 6 argnen 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 Jjump 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



satisfied. If equations 5 and 6 are not satisfied, 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
peri od. - 172 Wen nulti-angle edit commands are used, equation 7 nust
be satisfied for seanl ess switching, and edit commands matching the audio
reproduction tine with the reproduct'op time of each scene in each angle
must be 5 entered. |f non-seanl ess tching is used, the user must enter
commands to satisfy equation 8. At step #300, the encodi ng system
controller 200 first determ nes whether the target scene is to be

seamn essly connected to the precedi ng scene based on the 10 scenari o data
St7. Note that when the preceding scene period is a nmulti-scene period

conprising plyral, scenes but the presently selected target scene is a
conmon sceA8LERGA AR faky Gu :%ﬁqmﬁb,SEP%%Q&F%%%Yc%%ﬁé%??Bﬁer@Fers to

15 m I h i,t h f th

cont ai ned TR FEREEARINGATA (1 CREAh TR B APREERTas gEPO8cEnt i s a
mul ti-sceng BAr Qo 3nS GATHISS tﬁ‘@ﬁ%@_%@f[%& LEfErs ’#l?e 2Pk €381 ¥me
connecting the target scene W th amy one of the scenes Tromthe Sare

mul ti-scenggdQvRagen®d to bf 4EMIAROGUrPEMHNQA tife. id %ﬁfﬁﬁ%éi?he

connection i's valid, the procedure roves to step #400. At #400,
encgdi ng Sysbemuaeat.r olrtekridQ0 deseise tdwivesethdy MB seawhess connection

flag VOB _Fsb 25 indicating whether there is a seanl ess connecti on between
- 173 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. 1In movies and
other data streams edited to remove particular scenes due
15 to cultural, educational, or other reasons, the excised
scenes are typically long, usually ranging from 2 to 5
minutes, and even as long as 10 minutes. If the excised
scene lasts 5 minutes, for example, with the above
reproduction apparatus, it is not possible to
20 uninterruptedly connect the scenes before and after an
excised scene if the before scene, excised scene, and after
scene are recorded to disk in a single contiguous series.

More specifically, the data corresponding to a continuous 5

minute scene cannot be jumped in a single jump operation.



the target and precedi ng scenes. The procedure then noves to step #600. On
the other hand, if step #300 returns YES, i.e., there is a seanl ess
connection to the preceding 5 scene, the procedure noves to step #500. At
step #500 the encoding systemcontroller 200 sets the precedi ng VOB

seanl ess connection flag VOB Fsb. The procedure then noves to step #600. At
step #600 the encodi ng system contrngyler 200 10 determ nes whether there is
a seanl ess connection between the target and foll owi ng scenes based on
scenario data St7. If step #600 returns NO, i.e., a non-seanl ess connection
is valid, the procedure noves to step #700. At step #700, the encoding
systemcontroller 200 15 resets the followi ng VOB seanl ess connection fl ag
VOB Fsf indicating whether there is a seanl ess connection with the

fol | o ng scene. Theg,praceguyr %1%6%&:%9813 Qriop @@QOAVEQ%ﬁXer’ if step

#600 returns YES, i.e., there 1s a seanl ess connection t e follow ng

scene, tN&JOresdion2PalBYes . b0, StaR 3P Zumt I R-M800:4 hor egedi ng
system control l er 200 sets the follow ng VOB seamnl ess connection flag VOB

Fsf. The pmaseduke thesknbu€fek) appRodlbes Alo Mmfs #HW the encoding
system control |l er 200 25 determ nes whether there is nore than connection
t ar get -ndri4ocsgenence. of, awkeflier andertfil-csCertatpercachot sel ect ed,
based on the scenario data St7. As previously described, there are two
pos¥i bl e GARswLEd reevetswvhannthei excdsedp@dands daks avs ajunpe® gshngoh
wher eby on|y one of plural . .
jump period T] exceeding 400 msec. While such a data
underflow state can conceivably be avoided by recording two
AV data scenarios, i.e., excised (edited) and un-excised
(unedited) scenarios, to disk, this method does not make
10 effective use of the available disk capacity. If it is
also necessary to record duplicate data for much
presentation time, the AV data will be low quality and it
will be difficult to satisfy most user expectations.
The concept of sharing data between plural titles
15 is described below with reference to Fig. 33 wherein TL1
and TL2 refer to the data content of a first and second
title, respectively. Specifically, the first title TL1
consists of data DbA, DbB, and DbD reproduced contiguously
during time T, and the second title TL2 similarly consists
20 of data DbA, DbC, and DbD reproduced contiguously during
time T. Note that data DbA, DbB, DbC, and DbD are video
objects VOB with display times T1, T2, T2, and T3,
respectively. When two titles TL1l and TL2 thus comprised

are recorded to disk, the data stream is structured with

25 data DbA and DbD as shared data of both titles TL1 and TL2,



5 possi bl e reproduction paths that can be constructed fromthe scenes in
the multi-scene period is reproduced, and nulti-angle control whereby the
reproduction path can be switched within the nmulti-scene period to present
different viewing angles. 10 If step #900 returns NO i.e., there are not
mul ti pl e scenes, the procedure noves to step #1000. At step #1000 the

mul ti-scene flag VOB Fp identifyinggyphether the VOB set conprises plural

vi deo 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 anmet er production subroutine is described bel ow. However, if step #900
returns YES, there is a nulti-scene connection, the procedure noves to step
#1100. 20 At step #1100, the nufti-scene f lag VOB Fp is set, and the

e ARG R e s U ML

connect i OFF’? etermne er a

change 25 ¢]1§z ,ngld%sﬁs&%sa%g', UL} e SEEDESy! PebPBalibl ARy §1L%%0¢ -175

i.e., whether tr-ang scene period i1s selected eturns

NO, i.e.. 5O 56&NE2 CHANGRoIA BY! e1edei ALihe Mikbit=SesnR® RAYHIQ Bsefar ent al
| ock control reproducing only one reproduTtion path has been sel ected, the

procedur e HypdBYEStbOpst gpt#a30§apAbesivapn#tBa0dkita Wilddksangl erifd ag VOB Fm
i dentifying whether the target connection scene is a nulti-angle scene is
resgt, and3ihetpiockdustmpbyesot basidpt&tadOlhelOsAt oft rrEtB302in tthe
determ ned whet her either the
figure for easier description of the data reproduction
paths. There is no actual time gap during playback.
The format whereby these data blocks DbA, DbB,
DbC, and DbD are recorded to disk in title TL1_2 to enable
10 contiguous reproduction of the data is shown in Fig. 34.
In principle, data blocks DbA, DbB, DbC, and DbD composing
a single contiguous title are recorded to contiguous
segments of the data recording track TR (Fig. 9). Thus,
data DbA, DbB, and DbD of first title TL1l are first
15 recorded contiguously, and are followed by data DbC unique
to the second title TL2. With this data format, the first
title TL1 can be contigquously reproduced without breaks in
the title content, i.e., seamlessly, by means of
controlling the reading head 2006 to access data DbA, DbB,
20 and DbD synchronized to playback periods T1, T2, and T3,
respectively.
To reproduce the second title TL2, however, the
reading head 2006 must jump past data DbB and DbD after

reproducing data DbA in period T1l, and must reach data DbC

25 before the start of period T2 as shown by arrow Sg2a in



precedi ng VOB seanl ess connection flag VOB Fsb or follow ng VOB seanl ess
connection flag VOB Fsf is set. If step #1302 returns YES, i.e.,~the target
connection scene seamnl essly connects to the preceding, the foll ow ng, or
both the 15 preceding and follow ng scenes, the procedure noves to step

#1 304. At step #1304 the interleave flag VOB Fi identifying whether the
VOB, the encoded data of the targeg cene, is interleaved is set. The
procedure then noves to 20 step #1 8 . However, if step #1302 returns NO
i.e., the target connection scene does not seanl essly connect to the

preceding or follow ng scene, the procedure noves to step #1306. - 176
At step #1306 the interleave flag VOB Fi is reset, and the procedure noves
to step #1800. If step #1200 returns YES, however, i. e., there is a

mul ti-angl e connectign, th rocedure npves to st 5 #1 400. At step #1400,
the mul t 151 o341 ag B FHEERGTPREGRPEIDE APYG DES/FLhE saading bade

d t t #1500. . At #1500 i t t |1
D00 30" 1o Ne TS PLiRe B3EE ot ag kP TERE) e AR W S RS O L hod i

[ti- L ed.. i . {i j | th
Ton basadtdof [EePrihd rabci daBh BpbTREBtiEl e WidrOTRE Shrilan (he
non-sean g5 SWAdEhiHY SECHRE, t1Re PEQGEFHHE tIP YRV d & rd %é&iﬁ%ﬁ@é’ad- - A

step #1600 the nmulti-angle seam ess switching flag VOB FsV i n at1ng
wheg her angigs Ghatigesn WMabanblbeks, 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 required for a
data underflow state to occur in the stream buffer 2400.I
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 selective scene data necessarily occurs
15 because the data units associated with individual scenes
are contiguously recorded to the recording tracks of the
recording medium. If data is then read in the recorded
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



mul ti-angl e scene period are seanless or not is reset, and the procedure
noves to step #1800. 20 However, if step #1500 returns YES, i.e., seanless
swi tching occurs, the procedure noves to step #1700. At step #1700 the

mul ti-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 # 0) is only begun after the editing
information is detected fromthe aboVe flag settings in the scenario data
St7 reflecting the 5 user-defined editing instructions. Based on the
user-defined editing instructions detected fromthe above flag settings in
the scenario data St7, information is added to the encodi ng information
tables for the VOB Set units and VOB units as shown in 10 Figs. 27 and 28

to encode the squrce streans, and ,the, encodi ng paraneters of the VOB data
units showﬁqﬁ?ﬁiﬁiv¥ﬂ$ rﬁﬂo&éi&f dara i Wpt b sber FhELBFEREJEFENERen

oves 10, SUSP 8 PR Y AL G, TR dle 2 0RCE BRERI
et L0, S, A By Bl el o0 SICURARI RS,
#1900, and JhePr agedy §JEMe d Loh@p % the selected scenes
5 without data interruptions by intermittently accessing and
decoding the data specific to the selected scenes using
these split data units. Seamless data reproduction is
thereby assured.
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



20 Note that the sub-picture data is normally inserted during video
reproducti on on an as-needed basis, and contiguity with the precedi ng and
foll owi ng scenes is therefore not usually necessary. Moreover, the
sub-picture data is nornmally video information for one franme, and 25 unlike
audi o and vi deo data having an extended ti nme-base, -178 sub-picture data
is usually static, and is not nornalb presented continuously. Because the
present invention rel ates specificéﬂ %’to seanl ess and non-seanl ess
contiguous reproduction as descri bed above, description of S sub-picture
data encoding is omtted herein for sinplicity. Step #2000 is the |last step
in a loop conprising steps #300 to step #2000, and causes this |l oop to be
repeated as many tinmes as there are VOB Sets. This~loop fornmats the program

chain VTS i lo.contain the 10 reproducti on sequence and ot her

repr oduct i Eﬁrﬁ%’lrc %uﬁ%rorareeaccf‘fi‘ik% i 'gl?ﬁ‘ér%??}’@ priigs, Yepndnthiee program
chai n dat a j$§ I j | eaves the VOB in the nmulti-scene periods, and
conpl et es #heéﬁ§§%§§ %ﬂ£€§gé§k§§;%JﬁFﬂé%}ﬁé?% ¥ PeGAtABEdEdNESE lopyedm
stream enceghirg . wThe procedure 15 then noves to step #21 00. At step #2100
the VOB Set data streamis conpleted as the encoding information table by

adding the total nunfn dnd/@ai6d 1YV DNM.gbkained,as result of the
| oop through step #2000 to the VOB Yot %ata s?r%ghﬁ §%3r§§ §EEMSTg t he

nunber of tintleed eBVEL ErN@sdefdeirgnd e dusder i Q3 5ERN k.an
paths in the scenario data St?.r$%% procedurétf%egfﬁgégsg%%ggtggyégggo.
Systen1strHQﬁﬁeﬁ@@@bﬁgngr¢@wﬁauphdnaﬂﬂ§béﬂé§ﬁ1)T@@tgnfgriggvggsuhhgge VOBS
(VTSTT VCBSé Fig. 16) is 25 acconplished in step #2200 based on the
encoded vi d contiguoysy eamtied tdmeodmb alahd 1sé I @adingt ot theom st ep
#1900, and tgé gg ode paraneters in Fig. 29. The procedure then noves to
step #23005CAFCSEEp SESB60 3T Re SEPIY it | UTe \OIS|moxA SinBenhaagedent tabl e

VTSI MNAT, cC.Lnf.o tion table VIS PGCIT, and the program chain
infornatio§I$$§ EEgP#FQEBHFPEQiH%JQHﬂ¥hﬁ§3§EﬁQ?r%ﬁﬁ%mﬁ%@ion sequence shown

(oAl TAREBSBEERC, AR BARIRHE B d R T, o et 0
steps execyifd-bAskDEdntiguous interleaved units ILVU belonging to
the same scene is defined as the interleave distance.
For example, 260 msec is required to move 10,000
sectors using an optical disk recording medium. If this
15 10,000-sector movement of the optical pickup is the
interleave unit distance, the size of the interleaved units
ILVU can be determined from the difference between the
track buffer input and output transfer rates Vr and Vo, and
the size of the track buffer. Let us assume, for example,
20 that compressed data is being output at a constant rate
using an input transfer rate Vr of 11 Mbps and an output
transfer rate Vo of 8 Mbps, and a track buffer capacity of
3 Mbits. If the distance between interleaved units ILVU is
10,000 sectors, there must be enough interleaved units ILVU

25 to input to the track buffer to accumulate therein a



formatting operation are described belowwith reference to Figs. 56, 57,
58, 59, and 60. The encode paraneter production subroutine shown as step
#1800 in Fig. 51B is described next using Figs. 52, 15 53, and 54 using by
way of exanple the operation generating the encode paraneters for

mul ti-angle control. Starting fromFig. 52, the process for generating the
encode paraneters of a non-sean1e§§ §wﬁtching streamwth nulti-angle
control is described first. This s 9ean120 i s 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
foll ow ng operation produces the encoding information tables shown in Fig.
27 and Fig. 28, and the encode 25 paraneters shown in Fig. 29. - 180 At

step #1812, the scenarjo yeproductjon seguence th ntained in the
scenario(%ﬂQf?ﬁ%ci%ﬂ%&f?%ﬁgﬁd?gtﬂ£a£?EF%e§aﬁﬁngE%°VéB§ Leddddd and the
VOB nunber,_ V hK)ig set for one or nore VOB in the VOB Set. 5 At step
#1814 t he M%7t rate ILV BR of the interleaved VOB is extracted from

t he scenario data : e [ ¥ id Jo by T NRATE from
t he encode paranetg?é 9gﬁgg%ﬁbagggbggﬁ?ﬁg ?%tggﬁggéﬁg?ﬁEJQ%EEM%i setting (=
1). 10 At s gp ddea M nbaUGLLRE eth €8VRACHN b tRr @3ERIARL ity dd me | LVU

MI is extracted Tromthe scenario data St7. At step #1818, the video encode
GORy st r uctyiffer FORSIE 3o USvihg Bétween Mirteraeaveatl undtd thartGORcMrce

structure fixing flag GOP_Fxflag is set (= 1), based on the

data must be input to the track buffer for 0.7 sec. at the
difference between transfer rates Vr and Vo (= 2080
Kbit/(11-8) Mbits/sec). The time needed to read enough
source data from the recording medium M to store sufficient

10 data to the track buffer to provide for data consumption by
the decoder while the optical pickup is moving to the
target interleaved unit ILVU and can resume data reading is )
defined as the minimum accumulation read time.

The minimum interleaved unit size, i.e., the

15 amount of data that must be read, is therefore 7.7 Mbits.
Converted to presentation time, this makes it possible to
interleave units with a presentation time of 0. 96 sec. or
greater with presentation time intervals less than 20 sec.
between interleaved units. By reducing the system stream

20 consumption bit rate, the minimum accumulation read time
can be reduced, and the size of the interleaved units can
be reduced. It is also possible to increase the jumpable
time without changing the interleaved unit size.

One method of connecting scenes is shown in Fig.

25 35 where the following scenarios are possible: scene A



mul ti-scene flag VOB Fp setting (= 1). Step #1820 is the common VOB dat a
setting routine, which is described below referring to the flow chart in
Fig. 53. This common VOB data setting routine 20 produces the encodi ng

i nformati on tables shown in Figs. 27 and 28, and the encode paraneters
shown in Fig. 29. At step #1822 the video nmaterial start tinme VOB VST and
video material end tinme VOB VEND agioextracted for each VOB, and the video

encode start tine V STTM and -1 “vi deo encode end tine V ENDTM are

used as video encoding paraneters. At step #l 824 the audio material start
time VOB AST of each VOB is extracted fromthe scenario data 5 St7, and the
audi o encode start tinme A STTMis set as an audi o encodi ng paraneter. At
step #1826 the audio material end tine VOB AEND is extracted for each VOB

f th ' ta St7, and at_a ti t di ng_the VOB AEND tine.
Thi s 10t IRVERTTRL 60 SPOR dacPoeRecBaEotRr AN FEaRR B WHehudi o

d d: ti Lch_i di ' ter. t hat th
udi o acoekt TRPTERAE T hef orrealiedl EinSnERh R RE e R0 5K step
#1828 the Sho £!1864n8EPed BSRBha 8D BhieH OB Qi erence betveen

the video encode start tinme V STTM and’t he audi o enco rt ;ine A STTM
i s definedsass @4 SYEL&ME6PCQUCPRARAREEhe AbghbaR BE83dME Rusli® £5d gap

A- ENDGAP obt ai ned

5 different time segment than scene B. In such cases, scene
D is further blocked into scene segments (scenes) D-1, D-2,
and D-3. The system stream corresponding to scenes B, D-1,
C, and D-2 is the output system stream output at transfer
rate Vo (= 8 Mbps). Data is input to the track buffer at

10 transfer rate Vr (= 11 Mbps) in the scene sequence B, D-1,
C, D-2; the data size of each scene is greater than the
above value (= 0,96 sec.), and can be arrayed within the
distance that can be jumped between connected scenes as
described above.

15 However, when scenes with the same starting
points but different end points, e.g., scenes B, C, and D
in this example, are interleaved, three different system
streams become interleaved during the period corresponding
to scene D-1, two system streams become interleaved during

20 the period corresponding to scene D-2, and processing tends
to become complex. It is therefore more common when
interleaving plural video objects VOB to interleave objects
having the same starting and end points, thus simplifying
processing. This can be accomplished as shown in Fig. 36

25 by copying and appending scene D-2 to scene C of Fig. 35,



fromthe difference between the video encode end tine 20 V ENDTM and t he
audi o encode end tine A ENDTMis defined as a system encode paraneter. At
step #1832 the video encoding bit rate V BRis extracted fromthe 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 paraneter. - 182

At step #1834 the audi o encodi ng b|£ rate A BRis extracted fromthe
scenario data St7, and the audio en bhe bit rate A RATE is set as an audio
encodi ng paraneter. At step #1836 the video material type VOB V KIND 5 is
extracted fromthe scenario data St7. If the material is a filmtype, i.e.
a novie converted to tel evision broadcast format (so-called tel ecine
conversion), reverse telecine conversion is set for the video encode node V
ENCVD, and_defined as a videg encodin araneter. 10 At step #1838 the

audi o codi fGeTENod IR TS |Fé°1é3&$a£‘% sthifplnealcenanes daverse7, and

t he encodi t .S set as ,t he audi,o. encod hod, A ENCVMD and set as an
audi o enco |ng%b2§%%e ‘ert At ﬁh é%ﬁﬁﬁfQQM??il??%Jp9FHE§'eHéEBePé&F&115 Y,

| NTST buf | hap.the VBV
ena e, e ol 3 % D IR SaRE=AERLAT] as

buffer end val ue set e 1ast- Vi deo enco
a Vi deo enepd b ATHE locdesS 18P €H54%: e VP Jugbst OB NDQF the 20
precedi ng connection is set to the precedinhg nu based on
theSsetti ngherekoref, ithe MReRE RG&/GRiterleaved with the starting and
end points thereof aligned.
The interleaving 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 is applied in such cases, the between-scene
20 time difference can be absorbed by the buffer if it is
within the jumpable time. If the between-scene time
difference is greater than the jumpable time, however, the
buffer cannot absorb the difference and seamless playback

is not possible.



seanl ess connection flag VOB Fsb, and set as a system encode paraneter. At
step #1844 the VOB nunber VOB NO of the 25 foll ow ng connection is set to
the foll owi ng VOB nunber -183 F VOB NO based on the setting (= 1) of the
foll ow ng VOB seanl ess connection flag VOB Fsf, and set as a system encode
paranmeter. The encoding information table and encode 5 paraneters are thus
generated for a multi-angle VOB Set_ (4 h non-seanl ess nulti-angle swtching
control enabl ed. The process for generating the encode paraneters of a
seani ess switching streamwith multi-angle control is described below with
reference to Fig. 54. This streamis 10 generated when step #1500 in Fig.
51 returns YES and the following flags are set as shown: VOB Fsb = 1 or VOB
Fsf =1, VOB-Fp =1, VOB Fi =1, VOB Fm= 1, and VOB FsV = 1. The foll ow ng

operation produces the encodi ng .info tion tables shown in Fig. 27 and
FPg. 28, aP\d the encode @?p‘%’?%ﬂ%ﬁ%‘r‘éggﬁoﬁhz?nlﬁi Qj?‘cﬁv@r?s?ﬁetf’oﬂlr’&ﬁeﬁ&e

operat | on PEdUges the SneAlnG L GIRLOr LABLESEURYE: BnE) 91,27 20

Fig. 28, an € encode pararmeters step he

scenario re is : : t aj RQdyy i ta St7
IS extracteggﬂg%glgggmégﬁgﬁu %gngéég?{%§§§@ée%ﬁ&aﬁggt%ge% Sﬁgﬁbgpq%OB NO

is set for gRA Qedidire/@d Mdde 4B SptdetbriifBat18RRehhenEBXRERIRI t
rate ILV BR of the interleaved VOB is extracted fromthe scenario data St7,
5 operation enabling the user to select from among plural
scenes (e.g., multi-angle scenes) with seamless playback,
the presentation time of the previous angle stream is
increased after the angle (stream) is changed if the
interleaved units ILVU are made longer and the amount of
10 data stored at one time is increased. This also results in
more time being required for the displayed stream to
change.
Interleaving is thus the process of optimizing
the system stream arrangement in data block units to
15 prevent a data underflow state from occurring in the track
buffer of the authoring decoder DC when the encoded data
supplied from the stream source is consumed for decoding by
the decoder.
A major cause of this data underflow state is the
20 mechanical movement of the optical pickup, though there are
lesser factors such as the decoding speed of the
communications (decoding) system. Mechanical movement of
the optical pickup is a problem when the optical pickup
scans the data recording track TR of the optical disk M to

25 read data. Interleaving is also needed when recording the



25 and the maxi mum vi deo encode bit rate V MRATE fromthe - 184 encode
paraneters is set based on the interleave flag VOB Fi setting (= 1). At
step #1854, the mnimuminterleaved unit presentation tine ILVU M is
extracted fromthe scenario 5 data st7. At step #1856, the video encode GOP
structure GOPST values N = 15 and M= 3 are set, and the GOP structure
fixing flag GOP Fxflag is set (= 1% based on the nulti-scene flag VOB Fp
setting (= 1). 10 At step #1858, 1 B Vi deo encode GOP GOPST is set to

"cl osed GOP" based on the nulti-angle seanl ess switching flag VOB FsV
setting (= 1), and the video encoding paraneters are thus defined. Step
#1860 is the commopn VOB data setting 15 routine, which is as descri bed
referring to the flow chart in Fig. 52. Further description thereof is thus
omtted here. The encode paraneters of a seanl ess switching streamwth

nul ti - angld@teoia dihardatsh reerrd g torck TRBOfothet ontdiratuldiskanty e

control as described above._ Th rocess for generating.the encode
par amet er s"['r\‘%rd%F%‘irk‘T?érﬁ%?"r%a‘?fi‘?F%\hﬁ:%‘ﬁm‘bﬁ%‘é%’?é?nfsoék’s@&ﬂ AN jalso

i mpl enented i s descri bel.ow with reference to Fi.g. 55. .This streamis
gener at ed%ﬂ?e%“%taeppﬁ 'W@\é%h%ls?“e‘{ﬁ?n Eﬁgaﬁolgnd-’u?tpéd‘ 304 returns

YES, i'e”dfﬁ&%éf&lé@“é&h&%émwith live broadcasts, cable television

5 and other dedicated line transmissions, broadcast
satellites and other radio wave transmissions, and other
means whereby title content is not reproduced from a
recording medium on the user’s side. In such cases the
transmitted source streamlmust 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



-185 are set as shown: VOB Fsb =1 or VOB Fsf =1, VOB Fp = 1, VOB Fi = 1,
VOB Fm = 0. The foll owi ng operation produces the encoding information
tabl es shown in Fig. 27 and Fig. 28, and the encode paraneters shown in
Fig. 29. 5 At step #1870, the scenario reproduction sequence (path)
contained in the scenario data St7 is extracted, the VOB Set nunber VOBS NO
Is set, and the VOB nunber VOB NO i s,set for one or nore VOB in the VOB
Set. At step #1872 the naxinun1bif1i§fe ILV HR of the 10 interleaved VOB is
extracted fromthe scenario data St7, and the maxi mum vi deo encode bit rate
V MR ATE fromthe encode paraneters is set based on the interleave f |ag
VOB Fi setting (= 1). At step #1872 the nunber of interleaved VOB 15
divisions ILV DV is extracted fromthe scenario data St7. Step #1876 is
the common_VOB data setting routine, which is as described referring to the
f1 ow char tdescyigeds? Whapt pErayésdr FRiFokYPRePOLAtR thrudigii s tad here. 20
The encodgagaraneters of a steg1strean1in whicgﬁfarental lock control is
a

| Nl ement GRPAF 81T HBBOUBF| AEATF of | asVRESSEP i FAGHEAS, SHELREI B8 | on
cont o enebhedagtad AL rRR BrTharRy RS B SUAAY {2 oo
- 186 define an interleaving method for arranging plural video

5 objects in a sequence enabling seamless playback.

When applied to a DVD system as described above,
these video objects are distributed to positions
(navigation packs NV) within a specific time-base range
bounded by GOP units, the unit of video data compression.

10 The GOP data length, however, may vary as a result of
user-defined image manipulation processes or intra-frame
coding. inserted for higher image quality. This means that
the location of the management packs (navigation packs NV),
which are dependent upon the presentation time, can vary.

15 This means that the point at which the scene angle changes
or the optical pickup jumps to the next data block in the
playback sequence is indefinite. Furthermore, if plural
scene angles are interleaved together, the length of
contiguously read data is indefinite even if the next jump

20 point is known. Thus, the data end point position is known
only after the next angle data is read, and switching the
playback data is thus delayed.

The present invention therefore provides a method

and apparatus enabling seamless data reproduction using an

25 optical disk having a data structure whereby data is shared



below with reference to Fig. 61. This streamis generated when step #900 in
Fig. 51 returns NO, i.e., when VOB Fp=0. The foll ow ng operation produces
the encoding information tables shown in Fig. 27 and Fig. 28, and the
encode 5 paraneters shown in Fig. 29. At step #1880, the scenario
reproducti on sequence (path) contained in the scenario data St7 is
extracted, the VOB Set nunber VOBS is set, and the VOB nunber VOB NO i s
set for one or nore VOB in the VOB - 10 At step #1882 the maxi mum bit
rate ILV HR of the interleaved VOB is extracted fromthe scenario data St7,
and the maxi num vi deo encode bit rate V MRATE fromthe encode paraneters is
set based on the interleave flag VOB Fi setting (= 1). 15 Step #1884 is the
common VOB data setting routine, which is as described referring to the
flowchart in Fig. 52. Further description thereof is thus omtted here.

These fIowhﬁﬁﬂ%@ﬁf%%uﬁéilﬁﬂﬁéeﬁh§Qﬂﬂﬁﬁﬁ?$FQEﬂYnPG#%&?Foﬁhﬁﬂﬁ%ﬁ%&ﬁp%ﬁcode
paraneters thus gen te the paraneters fo vi deo,. .audi 0, and system
stream encéW ag]y ‘ghgk DV FGr nﬁf‘ge ng‘t”f‘g ippokd e oﬁ‘@%]aY’r ‘i’ﬂ‘et he
subrouti ne executed b 25, DVD_f or. ter tep. #2300 | 51B
i s descri b&tr e é& rﬁlqﬁtl%s 8 %gﬁ%b to Elgsegéga gd appa 5@ 3n 60.

Thi s fprmgﬁ fé%%\‘ée' ﬁ%&ﬁ@g&cﬁtﬁetassw@b | el & Sidfamnddeo

operation ncoder 00 5 accor |ng to the present 1nvention

IS Q§SCHlM%héMé$béﬁ%§ﬂ§{E% fDgtpesflow chart in Fig. 56. Note that those

steps shown in Fig a double line are subroutines. At step #2310
t he programmhat Tedavé®rpeédlonand SIEEF1eaveetinie the VTSI nanagenent table

VTSI MAT for 10 the nunber of titles TITLE NUM based on the nunber of
titles TITLE NUMin The YfoBeSttaddhg methad efiakdiiom #xEhl eds i dati®t er m ned
whet her nulti-scene sel ection control is enabled based on the

reproduction according to the present invention is

described below with reference to Fig. 24 and Fig. 37.

10 Shown in Fig. 24 is a case from which three scenarios may
be derived, i.e., branching from one video object VOB-A to
one of plural video objects VOB-B, VOB-C, and VOB-D, and
then merging back again to a single video object VOB-E.
The actual arrangement of these blocks recorded to a data

15 recording track TR on disk is shown in Fig. 37.

Referring to Fig. 37, VOB-A and VOB-E are video
objects with independent playback start and end times, and
are in principle arrayed to contiguous block regions. As
shown in Fig. 24, the playback start and end times of

20 VOB-B, VOB-C, and VOB-D are aligned during interleaving.
The interleaved data blocks are then recorded to disk to a
contiguous interleaved block region. The contiguous block
regions and interleaved block regions are then written to

disk in the track path Dr direction in the playback

25 sequence. Plural video objects VOB, i.e., interleaved



mul ti-scene flag VOB Fp in the VOB Set data stream |f 15 step #23l2
returns NO i.e., nulti-scene control is not enabled, the procedure noves
to step #2114. At step #2314 the operation for coding a single scene (VOB)
executed by the formatter 1100 of the authoring encoder EC shown in Fig. 25
is acconplished. This routine 20 is described later. If step #2312 returns
YES, i.e., nulti-scene control is enapled, the procedure noves to step
#2116. At step #2316 it is det er mi P Whet her the information is to be
interl eaved or not based on the 25 interleave flag VOB-Fi state in the VOB

Set data stream - 188 If step #2316 returns NO, i.e., the information
is not to be interleaved, the procedure noves to step #2314. If step #2316
returns YES, i.e., the information is to be interleaved, the procedure

moves to step #2318, At step #2318 it is determ ned whether nulti-angle
control is wislase qf?ﬂﬁ%ﬁ{@%ba%’é’aabﬁdtﬁe Fhet fadagrecrrad ngogmask TR he
VOB Set data stream |f step #2318 returns NO the parental |ock control
routine i n3&SeFPon Fieclted. I1f step #2318 returns YES, the 10

procedure noves to siep #2322.. At_step.#23 t he operati,on for formatting
the VOB Set for paré%?g?r¥b%? ESnF?Sr P?’ex%& % é{ﬁﬂ%;%ﬂnﬂﬁﬁﬁ?r1aF% shown

in Fig. 59anq ﬁd&?&tge‘i% &4 éfSPcﬁﬁéa '"gl'o%k‘l-.et"erorf‘ RRd MOl 15
mul ti -angl € seant €ss sw tchi'ng ¥$ require ased on tHe multi-angle

seard ess sWtLhing okl VOR &9 ghbuBUbLbeRNGEE 1 SWishC NN gH it ighed
W t hout seam ess swtching, i.e.7 with non-seam ess swtching and step
#2322 ret Urdissd¥atd hec o onesl uird neneSpbonsseRré2 2ot igRiolikg yNalrirayayg/ e
non- seam ess switching control routine executed in step #2326 by the
formatter & 'ofntdel caxddrbhoclencegtonEC in Fhdch?pliuradesos ket at er
with reference to Fig. 57. - 189 If nmulti-angle switching is

acconpl i shedl igrdd sstant g sand cendgpednteokre iaterdtegyef32Xheet ur ns YES,
the procedure noves to step #2324. The nulti-angle seanl ess sw tching

control respective blocks are arrayed as shown in Fig. 38 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



5 routine executed in step #2324 by the formatter 1100 of the authoring
encoder ECin Fig. 25 is described later with reference to Fig. 58. The
cell playback information (PCG information entries C PBl) of the VIS
information VTSI set as 10 previously described is then recorded. At step
#2330 it is determ ned whether all VOB Sets declared by the VOB Set nunber
VOBS NUM have been processed by the formatter. If NO control |oops back to
step #2312, and the process runs %&kﬁTL If YES, all sets 15 have been
formatted, the procedure term nates. Referring to Fig. 57, the nulti-angle
non- seam ess switching control routine executed in step #2326 when step
#2322, Fig. 56, returns NOis described. This routine defines the

interl eaved arrangenent of the 20 nultinmedia bitstream MBS, the content of
the cell playback information (C PBI#i) shown in Fig. 16, and the

i nf or mat | eeldisored the PHaykadkjatriidh pRXENWRBolnand ¥0B-j20n thishe
generated DVD nul timedia bitstream MBS. At step #2340 based on the

mul ti - angfdaMrgy aX® RO WM SRR g N tlr)r%l%&%flﬁgc%étﬁér RELLi #8mgl e
control - 190 __is applied in the nulti-scene period, the cell block node
CBNI(Fig.aﬂ% L e ceII pl ayback |nfornat|on bl ocks C PBI #i containing

the.VCB control inf tlgTiFgrm%Peréc ne | ?ﬁe S%F?vﬁgggcc %%% ta,t he

position of the an exanpl e, C Bt the
VA | f th |
bl Gck. thed%@% T SR bt IR ARt D e the
first and Jasadalds d smee a@lolc.k, Bk ey CBM 85 M3rksndecl ared as 11b to

indicate the end of the cell 10 block. At step #2342 based on the
mul ti - angligfidra tMEh Aaefiifyichd xHe . peei elbRdorhehbeseul th- 8Ral e control

is applied in the nulti-scene period, the cell block type CBT (Fig. 16) of
the cell pragraok dhdior rrdd oftHE qulesyadiBlcontrol information of the
digital video disk system). More specifically, this
10 position information is the address of the first and last
VOBU in the cell. As also shown in Fig. 39, these VOB and
the cells defined therein are also recorded to a contiguous
block region so that contiguous blocks are contiguously
reproduced. Reproducing these cont.iguous blocks is
15 therefore no problem.

The internal data structure of the interleaved
block regions is shown in Fig. 40. In 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-kK 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 ILVUm1l, ILVUm2, ILVUm3,



15 #i containing the VOB control information for each scene is declared as
Olb to indicate an "angle." At step #2344 the seanl ess pl ayback 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
precedi ng VOB seanl ess connection flag VOB Fsb state, which is set to 1 to
i ndi cate a seam ess connection. At i%ep #2346 the STC resetting flag STCDF
is set to 1 in the cell playback i a®rmati on bl ocks C PBI #i 25 cont ai ni ng
the VOB control information for each scene based - 191 on the preceding
VOB seanl ess connection flag VOB-Fsb state, which is set to 1 to indicate a
seanl ess connection. At step #2348 the interleaved allocation flag | AF
(Fig. 16) is set to 1 in the cell playback information 5 bl ocks C PBI #i
containing the VOB control information for each_scene based on the

nul ti - angPads &Rk, ARd che ngorf dRedYARYF3vsingde caiilc FELL ATt Notleto

indicate interleaving_ is requjired. At_step #2350 the |ocation of the
navigatioﬁﬁ&%ﬂéﬁﬁf%@ﬁ(?%I%I?%%gé%c?ﬁ}lnﬁﬁﬁéfkfPSWFF%@#WGBQQﬁﬁ|ﬂﬁ ng) is

detected fromthe fi editi upi t . (VOB.bel ow) obtained from.the system
encoder 98@%1‘ Iﬂ'ﬁ% %‘?’IP h%axﬁang?g‘g{“l’bée%&fzgﬂvm%?ed a8t g&'%é?&t}sb‘n %/he

m ni mum i rils I taf QN : i r ey formatter
15 par ane?'tg‘r% olgfee/ﬁ&ﬁle%gkly%d ?{1@%@%1@%{&8 Eltlggeg%b}{ytl FE% hg’fgglt ig(;htr?llo a‘t(rﬁ]e VOBU
expy essed 3dqadnber of sectors fromthe VOB beginning, for exanple, is
thus obtained, and the title editing unit VOB is divided into interl eave

uni ts using VOBU unthsthéOekamp@sagpown iih iFid.his® exH®| ghidiel &avedum
interleaved unit presentation time ILVU MI is 2 sec and the presentation
time of ommiM(BULWIKL S5 FECUXk2} hEnvukae, VARdI ILYUKK4JedndnT@vurier | eave units
of 4 VOBU each. Note that this allocation operation is applied to the VOB
25 const i TIMUnRR eaklkvim3 | i asdefbVdata Gopm. two- diFZerantstvEpatP352 t he
interl eave units of each VOB obtained fromstep #2350 are arranged in the
cel | bl oclehisrCBIRRTguRRE cVOBen| abpodktBEgRHRILEg arFaydide widihdrerd cel | s)
wijtten as the VOB confrol information for each 5,scene in step #2340 to
foy%1theiﬁﬂﬂﬂ#%ﬁﬁﬂ*ﬁ%ﬁ%ﬁf%aaglgﬁbmn By i1interleaving the interleaved

units ILVU of two video objects VOB in this sequence, it is
possible to achieve seamless reproduction branching from
one scene to one of plural scenes, and from one of plural
scenes to one scene. This interleaving process further
15 enables seamless reproduction of scenes from various
scenario threads in most cases.
An alternative for achieving Interleaving
Seamless reproduction is even possible when
there are three possible scenario threads as shown in Fig.
20 35, i.e., from scene A to scené'B, and then to scene D-3
starting at some midpoint in scene D; from scene A to the
beginning of scene D; and from scene A to scene C, and then
to scene D-2 starting at a midpoint in scene D different
from D~3. As shown in Fig. 36, it is also possible by

25 connecting before and after scenes (scene D-2) to align the



in Fig. 37 or 38. The interleaved blocks are then added to the VIS title
VOBS (VTISTT VOBS). Using the cell block node CBM decl arati ons above, for
exanpl e, the angle data-MA1, MA2, and MA3 (Fig. 23) are arranged in that
sequence. 10 At step #2354 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 #2350, At step #2356 the firstll@el | VOBU start address 15 C FVOBU SA
and the last cell VOBU start address C LVOBU SA expressed as the nunber of
sectors.fromthe beginning of the VIS title VOBS (VISTT VOBS) are witten
as the addresses of the navigation packs NV of the first and last VOBU in
each cell based on the VIS title VOBS (VISTT VOBS) 20 data obtained in step
#2352. The angle #i VOBU start address NSML AG Cl1 DSTA - NSML AG. C9 DSTA
of the nonstarhingsandgead pPénist AEFONSNNIAGO thie glatz0)stmctiereaef gati on
pack NV of each VOBU is witten at step #2358. This address is expressed as
the 25 rel BReVBreE8NEr LAVABER ONnsi JOten&hadt &b PROGeR®roRF@RY1ng 193

bl ocks formed in steg #2352 ang dgclares t he address information (Fig. 50)
of the navFGEPPSntRatRifR EBAt SEAEGINT ARE $OSUPSHNEE nakes Ltenes near
the presentation,start ti of .t he VOBU bei ng processed. 5 At_step, #2360

" 7FFFFFFFhPOTE R4 Pt ?8nsF8H‘liﬁ§S&XgF§p§PHV Ve t°°§t?§‘r’e%%t?\i§|\7thﬁ?£dt’igDSTA

- M. AGL t -seanl ess angle informati on NSM. AGLI (Fig.
Zoygin the°§g3?§a?F§ﬁtp§§EH%%'of each VOBU if the VOBU being processed is

the |ast VAEUiﬁf;eﬁQeriﬁgns1E6rtimﬁmmt>w§@a%q®1% W PeVAdd a g S1é#ﬁ ne thus
formats the Tnterleave ocks for nufti-angle non-sean ess sw tchl ng
control incbhednghth- scene period, and formats the cell control information
as the reproduction control information for 15 those nultiple scenes.
Referring to Fig. 53n tdxamplfet iofarsgl elrstearilesssirsyvi d tdwngthant rol routi ne
executed in step #2324 when step

compatible with variable length coded data, i.e., video

10 data, is described next.

When plural VOB are interleaved, each VOB is
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 quantity equivalent to a 0.4 -
1.0 second presentation time.

When data is interleaved, the interleaved units
ILVU forming separate video objects VOB are alternately

25 arrayed. If any of the plural interleave units interleaved



#2322, Fig. 56, returns YES is described. This routine defines the
interleaved arrangenent of the nultinmedia 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 nul tinmedi a bitstream MBS. At step #2370 based on the
mufti-angle flag 25 VOB Fmsetting_{3y1) declaring whether mufti-angle
cont rol - 194 is applied in the nulti-scene period, the cell block node
CBM (Fig. 16) of the cell playback information blocks C PBlI #i containing
the VOB control information for each scene .is declared according to the
position of the angle data. For 5 exanple, the cell block node CBM of the
MAL cell (Fig. 23) is declared as 0lb to indicate the beginning of the cel

bl ock, the CBM,of i i.ndi Il bet, h
Firet and Eotors 0S4 0106E RERr 43 108, 18 BRPEFRERARaEC tha HiMHTI 15h 1
indicate t I I s At 7 d t.h

IrrEI !t;:iiaﬁgl gﬁ%% E%Jg‘gtjf?lﬂl‘gﬁ?'zoﬁ ﬁﬁ\crg%?gaﬁ\%zetaﬁg?&%uIO??P&}]%Iael contr ol
is applied jintdytRad(d tinSE€NEn PRRY OSut t H8e C8hbrELaek oty RA uER T (\5%3 ikb) of

the cell playback information blocks C PBlI 15 #i containing the VOB control
i nf or mat i oyt ancth£e efige | Sholeed et einberéhveodi BEagdies ahm uMAHrE ] owAt
step #2374 the seanl ess playback flag SPF (Fig. 16) is set to 1 in the cel
pl ayback i rfeatemtvidni books WhéBl tiis cehtvatashginbherYeBveomomBolid nf or mati on
for 20 each scene based on the preceding VOB seanm ess connection flag VOB
Fsb state, nepnstducedetand rionvseamless erapsedursdoncoriddcmiesmltAt st ep
#2376 the STC resetting flag STCDF is set to 1 in the cell playback

i nf or mat i odiMAtRAE o FRanless EIPXIRFREORhe VOB control infornation for

each scene based . . .
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 interleaving conditions and record after

15 interleaving and encoding are once completed, can be
prevented.

The interleaving method for recording to an
optical disk according to the present invention is
described specifically below, starting with the bit rate of

20 the recorded VOB and the performance and other conditions
of the reproduced disk.

When interleaving is applied, the relationship
between the track buffer input transfer rate Vr and output
transfer rate Vo is defined as Vr > Vo as previously

25 described. The maximum bit rate of each VOB to be



-195 on the preceding VOB seanl ess connection flag VOB Fsb state, which is
set to 1 to indicate a seanl ess connection. At step #2378 the interl eaved
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 nulti-angle seanless switching flag VOB FsV state, which is
set to 1 to indicate interleaving_kflgequired. At step #2380 the |location
of the navigation pack 10 NV (rel atTve sector nunber fromthe VOB
beginning) is detected fromthe title editing unit (VOB bel ow) obtained
fromthe systemencoder 900 in Fig. 25, the navigation pack NV is detected
based on the mnimuminterleaved unit presentation tinme |ILVU Ml information
(a formatter 15 paraneter obtained in step #1854, Fig. 53), the | ocation of

h OB d h g f f h OB begi . nni f
exanpl o, 1O LSRR HEGTBHBLTTE THE BSaPErna o NSO IRHERSF | nt o
interl . LNl | LS. F [ ' th
i mum | s ay e EEeY BrEEOH S DRe PRk ERRRT recs £ BE G 11

present at 10 {iPeply ONEUAL) &Sy Qe SEEss LHAR Yhe VO ish, dind ded into

interleave units of 4 VOBU eac Note that this a on operation is

appl i ed t G¢pudBorSaE08Sh1hhG Ngheekbr MihtbrieaRa nddledalifing - 196 At
step #2382 the interleave units of each VOB obtained fromstep #2380 are

arranged igedmeesel teprodlictboe {BMpsegiphecitcakl akisamedagiatiaig m ddl e,
and end cells) witten as the VOB control information for each 5 scene in
step #236(plurdbrVi®B heoibe eihbavkeaedchreasnchded wWith gor@tant 38it The
interl eaved bl ocks are then added to the VIS title VOBS (VISTT VOBS). Using
the cell Draek (GBR) CBMERE| Ak athengaxboye, bisr ratgnplitde tintemigavealat a
MAL, MA2, and MA3 (Fig., 23),are arranged in that sequence. 10 At step #2384
the rel at iWRisedab? \ﬁ%}r’ﬁ‘é‘? ﬁolﬁﬂ‘hlél?/gu thgr time fhat §8nt de he VOB end

k add VOBU EA (Fig. _20).ip th i gati K f h VOBU b d
on t ho. VORFTRETEESH Thol; HRt| SREBLYaTHEn Ehot: 8 Bsod okec iy Yso o
first Y 1 S t he | ast || VOBU start
ai:l esgeC :H}%}%é«aé;%?%%éngsasé{l%‘ég%{%rgéré(r))?ngggt grnstaef%rléa‘c%t%e begi rSm?:]g of

the VTS tiddeq MBohEVIRd TsMBRyete Witten as the addresses of the
navi gati on pacts NV of th% firs? and last VOBU in each cell based on the

VTS title VOBS (VTSHbt¥OBRAt29tdakaagBumicdethd s tih#/238<h W Siep #2388
the relative sector nunmber fromthe VOBU start is witten to the VOB end

pack addr esscoiB) itk Fcgns2anti hitheatavi(gaRri)oroddcly Nt dfheeagdkMB based
on the interleave unit data obtained in step #2370.
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



- 197 The angle #i VOBU start address SM. AG. ClrDSTA SM. AGL C9 DSTA of
the seanml ess angle information SM. AGI (Fig. 20) in the navigation pack NV
of each VOBU is witten at step #2390. This address is expressed as the
relative 5 sector nunber inside the data of the interl eaved bl ocks forned
in step #2382, and declares the address information (Fig. 50) of the

navi gation pack NV contained in the_g U of all angle scenes with a start
time contiguous to the reproduction time of the VOBU bei ng processed.

10 At step #2392 "7FFFFFFFh" is witten to the angle #i VOBU start address
SML AGL Cl DSTA - SM. AGL C9 DSTA of the seam ess angle information SM.
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

| ast interl unj . .qf_.each scene in the nmulti-scene period. This routine
t hus for nat gﬁ%ﬁg iranutaelr o TR B ST oI OF -AngPRVEBEAPE3S ¥RR chi ng
control in &Q@ogwﬂﬁgxscene period, and formats the cell control 20
information as the reproduction control information for those nultiple
scenes. The parental gLadg r [ [ 56)._execgut ed when
step #2318 in Fig. 56 retu?ﬁg %&% ?ﬁ%é?ﬁggeﬁggggFggde érﬂ%ﬁ?dgﬁﬁﬁtaﬂérental
| ock controhndsdata e84 itipledyraHad gk n kG t RS
described next with reference to Figfﬁgg?'?ﬁggggég%?g?bg%gggség%oﬁbﬁne
descBi bed beimadlesitt dntihd caviedy heate dinid BIVENGERENEL O shagigyce! | edia S
bitstream the content of the PGC information entries C PBI |g%cell

pl ayback i niotetilesive undtin preséinfatlifn andhé IMELVEWT gt é& 082 PAGE Ka PVg
information_shown in Fig. 20, to the generated DVD nul tinmedia bitstream At
step #2402 Bi%§Fue Thepsmadlgst: deterdaaus 1nide|présackatboe €80 (Fig. 16)
of the cell g&ﬁﬁgack igforgatLon bl ocks C PBI  #i contai ning the VOB control
i nfor mati ont abRNs P&nEPEAL8& % f e eaNatiangl ¢ dandgthEBsFal teate,

which is se i,ndicate.tha i -angl e control is not enabled in
t he nulti-s%%%§r$§5§89i88F% Size &ﬂ@gﬁ 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 quantity 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



At step #2404 the seanl ess playback flag SPF (Fig. 16) is set to 1 in the
cel |l playback information blocks C PBI #i containing the VOB control
information for each scene based on the preceding VOB seanl ess connecti on
20 flag VOB-Fsb state, which is set to 1 to indicate a seanl ess connection.
At step #2406 the STC resetting flag STCDF is set to 1 in the cell playback
information bl ocks C PBI #i contai_niy3g. the VOB control information for each
scene based - 199 on the preceding VOB seanl ess connection flag VOB-Fsbh
state, which is set to 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 information 5 bl ocks C PBI #i containing the VOB control
information far each scene based on the nulti-angle seamn ess switching flag

VOB FsV st at whi i t,to 1 i ndi cate inter] i 1S, ired. At
step ;24iosa?ﬁ’étﬁ5iﬁggﬁlf‘?SE}gp&&%el\lG%és i(:‘ﬁa\"g%’efglfnf‘{ﬁf%#? 1%%:?%;3 e
sector nu ‘ ar eche romthe tifle_editing uni

(VOB) obtg?ﬁéﬁggggk%t égggg?%ﬁleﬁgg éﬁq%bgﬁY%H%EO%ﬁD?XﬁWEiﬁaﬁPﬁatiog pack

NV is thenjgﬁ%gsiedd@%sgce“thﬁs”‘é%ehﬂt iﬂf;ﬁlkg%‘}ﬁ’%]%d&éésio?\@s ILV

DV, a formatter paranmeter obtained in step 15 0 obtain

the VOBU ppatéi 98 B0EOMBREI, ORheNwiRer Jofr LGHOda NN L& JEBSh AL n and
di vide each VOB into the specified nunber of interleave units in VOBU

uni fs. At shepd#Rdlgubhtitgt eehdawd tiviint thebtiainpetbie Rls6igPe #2hlPsar e
then interleaved. For exanple, the interleave units are arranged in
ascendi ng ¥®B4naaber Ftqdentbenopeossdid e o igalerdlesvedcaml ocks as shown in
Fig. 37 or 38, and the interleaved bl ocks are added to the VIS title VOBS
(VTSTT voBbpterleaypbleacosddfions) squsd o asing shese valmes. f rdf t he
VOBU start is witten to the VOB end pack address VOBU EA (Fig. 20) in the
navi gat i onePERKVRR &P EBEH1DERDISAVEd HHaCke REHI®OLS tdbvided oinkoi on
obtained ipn step #2186, 5 AL st 2416 the first cell, VOBU start address C
FVCBU A ahiEt RETF (BURBEF| CUCRDTSF AFE VATIPOSEIC AR A5h AP 5508 as { ho

PIBEL O SRELPLSIARTALUE BT Ol 4 LS MR I YD) e
the conditions of the smallest interleave unit length.
(presentation time of shortest VOB)/ILVUMT < v [5]
Equation 6 can then also be obtained from the jumpable
presentation time conditions.
15 Vv £ (presentation time of all VOB except shortest
VOB) /JMT (6]

Plural VOB can in principle be interleaved if the
above conditions are fulfilled. 1In practical terms, VOBU
compensation to the value calculated according to the above

20 equations is necessary because the interleave units are
limited to the VOBU boundaries. To compensate equations 2,
3, and 4, it is necessary to add the maximum VOBU time (1.
0 sec.) to the smallest interleave unit presentation time

ILVUMT, and reduce the presentation time in the interleave

25 distance JMT by the maximum VOBU time.



10 VOBU in each cell based on the VIS title VOBS (VISTT VOBS) data obtained
In step #2412. At step #2418 the relative sector nunber to the | ast
interleave unit pack is witten to the ILVU end pack address ILVU EA in the
navi gati on pack NV of the VOBU 15 formng the interleaved units based on
the interleaved unit data obtained fromstep #2412. At step #2420, the

rel ati ve sector nunber in the intﬁrleaved bl ock data fornmed in step #2412
is witten to the next-1LVU starf 1Z8dress NT-1LVU-SA as the position 20

i nformati on 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 contai ned
in the interleaved unit |LVU - 201 At step #2424, the Unit END flag of
the navigation pack NV in the |ast VOBU of the jnter|leaved unit ILVU is set
to 1. At step #2428% EtrpsFapfermdingd thhat (3 teter kexved  seNYenEe addr ess

NT I LVU- SA of .t he navi gati on_pack .of the VOBU.in the |ast interleaved
UnTt | LVSRASLLES SeRniohs BRBVEAFEn det0h AT AT(A TOTHE SoF he

per ode. G rErherd ERE BBRE R SR Serar e I L TTE Vi Felaas o
pl ayback ﬁé@%f&'e58£8iﬁati99 Egrnecessary to increase the number of
5 interleave unit divisions. This means increasing the
length of the scene forming the shortest VOB by moving the
scene therebefore or after. It is also necessary to add
the same scene added to the shortest scene to the other
scenes. In general, the interleave distance is
10 significantly greater than the shortest interleave unit,
and the rate of increase in the value on the left side of
equation 4 is greater than the increase in the value on the
right side of equation 6. As a result, increasing the size
of the shifted (moved) scene can result in satisfying the
15 above conditions.

The track buffer input transfer rate Vr and
output transfer rate Vo must be in the relationship Vr > Vo
as described above for the data in the interleaved blocks.
The optical pickup may also jump immediately after entering

20 an interleaved block region from a contiguous block region,
in which case it is also necessary to'store the data from
immediately before the interleaved block region. This
makes it necessary to suppress the bit rate of part of the
data in the VOB immediately before the interleaved block

25 region.



the nulti-scene periods. The single scene subroutine executed as step
#2314Yin Fig. 56 when steps #2312 or #2316 return NO i.e. 15, when the
scene is deternined to be a single scene and not a multi-scene period, is
descri bed next using Fig. 60. The single scene subroutine described bel ow
wites the interleave unit arrangenent of the nultinedia bitstream the
content of the PGC information entrjes C PBlI 20 #i (cell playback

i nformation) shown in Fig. 16, and’yﬁ%'navigation pack NV information shown
in Fig. 20, to the generated DVD nmultinmedi "d bitstream At step #2430 a

val ue "00b" indicating a "non-cell block", .i.e., that there is only one
cell in the 25 functional block, is witten to the cell block node CBM -
202 (Fig. 16) of the cell playback information blocks C PBlI #i containing
the VOB control information for each scene based on the nulti-scene flag
VOB Fp state, which % k®talsp pessinbe ciliat tHae eohtisadnpickup maygl e
scene and not part of, a S nulti-scenelgfriod. At step #2432 the interl eaved

al | ocat i onJEMRg meddately After &ntaraing iap tinteeleapedybierki AEemnat i on
bl ocks C PBIL_#i, containing the V ontrol Jnformation for each scene based
on the mul EPREIGRESC Ry Sl MHITy G158 o VoReSSPERaY o ARBREPESS ot
(0,0 10 LERBREA R bR R 2o %hnd Sls Blhodd Bhe HialIEgtgr | o
2 25 oo SRR AR L 1t P G kLo 1 (e
immediately before the interleaved block to the track
buffer. The target for suppressing the maximum bit rate,
i.e., the amount the maximum bit rate is suppressed, is the
presentation time of the shortest interleave unit, which
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 equation 4 up
to (u + 1) for larger VOB. This is illustrated in Fig. 41.

The data structure of the interleaved unit ILVU

25 in another embodiment of the invention is shown in Fig. 42.



and added to the VIS title VOBS (VISTT VOBS), the video and other stream
data of the nultinedia bitstream At step #2436 the relative sector nunber
fromthe VOBU start is witten to the VOB end pack address VOBU EA 20 (Fig.
20) in the navigation pack NV of each VOBU based on the VOBU position
information obtained in step #2434. At step #2438 the first cell VOBU start
address C FVOBU SA and the | ast cpi# VOBU start address C LVOBU SA
expressed as the nunber of sectors om t he begi nning of 25 and the end of,
respectively, the VIStitle VOBS - 203 (VISTT VOBS) of the value witten
as the addresses of the navigation packs NV of the first and |last VOBU in
cell based on the VIS title VOBS (VISTT VOBS) data obtained in step #2434.
At step #2440 the state determned as a result of step #300 or #600 in Fig.

51, i.e., _whether precedin B seanl ess connectjon flag,VOB Fsb. is set to
1 i ndi cat FRg “@%e ré’sqg"u&ﬁ?n GEirb%vﬁ%afth%np?%‘&lédedS?c%&PFG\Mwﬁ&hscenes, is

I d,__Lf 440. d .10, #2442.
B o b i " A8 5 o] aPRBEHES E0 TR B, LR P P20
cel | bl aybagld WdIdEl WAl OINSS, Gl eil §0BLAEPLAGREC AR ERNLIO! -
information Tor each scene based on the preceding OB 'Selm €95 ¢ohnect i on

15 flag VEBCkShs ) GmnMl dtd By Sedrde 1tho haﬁi:Cﬁaei?ai%m BaskCRRnect i on.
At step #2444 the STC resetting flag STCDF is set to in the cell playback

i nfSor mat i a8 deditfedC dBlotd €idd @I o Jgct hén VOBVOBUL I orhienkakert odjelcdr each
scene based 20 on the preceding VOB seam ess connection flag VOB Fsb state,
whi ch i s setitt ¥OBU |[Howtdgyr iesldetatnims 8432 boendatheseocifs thet a seanl ess
connection to the preceding scene, the procedure noves to step #2446. -
204 At stiaferdepyaharnidadlddd, pashhaek vhighShbs Lehgerighansthet to 0 in
t he cell gl ayback information blocks C PBlI #i containing the VOB control

i nf or mat i 3NESh &fc Fhe ShOTRkaTH Hitenkedyedcanil, VeBishakse obtadmescti on 5

flag VOB Esb state, “hkfh is set to 0 to indicgte a non-seanl ess
connecti ofrom the decoder performance, bit rate, and other

10 considerations using equations 5 and 6.

Each of the component video object units VOBU
contains a navigation pack NV (management information
pack), each navigation pack NV containing an ILVU end pack
address ILVU_EA indicating the address of the last pack in

15 the ILVU to which the VOBU belongs, and the next-ILVU start
address NT_ILVU_SA. The position to which the start
address NT_ILVU_SA points is the address of the first pack
(NV) in the next interleaved unit ILVU to be reproduced,
while the ILVU end pack address ILVU_EA points to the end

20 position of the interleaved unit ILVU containing the end
pack address ILVU_EA. Note that as previously described
these addresses are expressed as the number of sectors from
the navigation pack NV containing the address information.

When a video object unit VOBU is in an

25 interleaved block region, the next-ILVU start address



At step #2448 the STC resetting flag STCDF is set to O in the cell playback
i nformation blocks C PBlI #i containing the VOB control information for each
scene based 10 on the preceding VOB seam ess connection flag VOB Fsb state,
which is set to 0. The operation described above thus formats a nmultinedia
bitstreamfor a single scene period, and records the control information in
the cells, i.e., the cell 15 playbac ontrol information (C PBlI #i, Fig.
16), and the information in the naVig% ion pack NV (Fig. 20), to the
produced DVD multi nedia bitstream Decoder flow charts D sk-to-stream
buffer transfer flow 20 The decoding information table produced by the
decodi ng systemcontroller 2300 based on the scenario selection data St51
is described below referring to Figs. 62 and 63. The decoding information
tabl e conprises the decodj ng éysten1table shown in F

. 62, and the
decodi ng 25 Nl EFpwPe s Lo she Sta@%Sad¢£e§ﬁoﬁﬁgFHeFP@¥t6§FNphe
decodi ng systemtahl e conpri ses a sgcenar.i i nformati on reqi ster _and a cel
i nfor ma?i o% sr’é"b‘ilsatrg]rY eﬁgﬁﬁér?% tiﬁ?ﬁ o?‘ﬁlg??’(’)no e§F§g8Fsr g(’f&?“dé"hlene title
nunber and aqt her enar.j.o 0 i on: 5 i r i S t he user
and_ extract eq flr%a?ntcltcﬁg ésacceﬁngbw o) se_éegl?}lg g‘g‘?ag%{igﬁgsT%%géﬁgﬁq#‘dr mat i on
register extracts andx{GQQréﬁew@otafgeégg&b@a h@qi! %aqur{gewl nte{j&g@e

cells constituting the program chain based on the user-de scenario

i nforgati on it Bsh Ihdinter tdecscenathe ihtermahiven Ledkstrefu My e
specifically, the scenario information register contains plural
sub-regi st ergptdire.thd heocgl en mfrbeie ANGKE NoteelleaVES nwmdle 1T VIS tOvee,

PGC nunber
reproduced, and to what disk position the current
interleaved unit ILVU is written. This makes it possible
to only read the interleaved units ILVU, and to smoothly
10 jump to the next interleaved unit ILVU.
Multi-scene control

The multi-scene period is described together with
the concept of multi-scene control &dccording to the present
invention using by way of example a title comprising scenes

15 recorded from different angles.

Each scene in multi-scene control is recorded
from the same angle, but may be recorded at different times
or may even be computer graphics data. The multi-angle
scene periods may therefore also be called multi-scene

20 ' periods.
Parental control

The concept of recording plural titles comprising
alternative scenes for such functions as parental lock
control and recording director’s cuts is described below

25 using Fig. 43.



VTS PGCI NOreg, audio ID AUDIOG-ID reg, sub-picture ID15 SP ID reg, and
the system clock reference SCR buffer SCR buffer. The angl e nunber ANGLE NO
reg stores which angle is reproduced when there are multiple angles in the
reproduction program chain PGC. 20 The VTS nunber VTS NO reg records the
nunber of the next VTS reproduced from anong the plural VTS on the disk.
The PGC nunber VTS PGCI NO reg recqégs whi ch of the plural program chains
PGC present in the video title - 6 set VISis to be reproduced for
parental |ock control or other applications. The audio ID AUDIO ID reg
records which of the plural audio streans in the VIS are to be reproduced.
5 The sub-picture ID SP-1D reg records which of the 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 storingpRhex3apBLenPél 8cRull irardiashdel t5eR steeer®ed to the pack

header, 20 SOt " SkehPaloRsLk SRR BBy i erper e Y
o oLl A RTREORRE" RLAROY, i e o0
reg, cell sther scenes deemed unsuitable for children are contained
5 in a title implementing parental lock control, the title
stream is recorded with a combination of common system
streams SSa, SSb, and Sse, an adult-oriented system stream
SSc containing the 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.



bl ock 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 | ast cel
VOBU start 20 address C LVOBU SA reg. The cell block node CBMreg stores a
val ue indicating whether plural cells constitute one functional block. If
there are not plural cells in one 1 ctional block, CBMreg stores N BLOCK
If plural cells constitute 25 one t4nctional block, the value F CELL is
stored as the -207 CBMreg value of the first cell in the block, L CELL
is stored as the CBMreg value of the last cell in the block, and BLOCK is
stored as the CBMreg of value all cells between the first and last cells
in the block. The cell block type CBT reg stores a value defining the type
of the block indicated by the ce|]l block node CBMreg. If the cell block is
a nulti- angl e bl ockBY AMIHETaY 1% Eae P‘FuﬁﬁforNeBE%KSN§t§E‘bl‘5§dfeaﬂle

celT s o ARl i e (St S wreh o4 Coks  BpLBdaEgane
t herebefore. .If, a ea e conne 0 Jlo SM. tored; if a
sean ess ESHASS orsﬁ1 S n??fdls;?eén h:aoad] %\i I£¥ &%ﬁcrﬂ?% i 'rs??grl eavled

|1 t h

al locat i on.dd g J/&F ¢id tﬁtﬂreesc tehs dﬂtdr" @fﬁ éHQe{ﬁ’“S bAEENk %gce

exists in a contl guous or |nter e ce I'S part

i nterl eavegdl égg\é%é s:osﬂnwredsyﬁéwyw@aﬁg ! éé@ hfassebedenthe Sell
resetting flag ST defines whether the 20 systemtine clotk STC used for
synchr oni zaflle@t indstariee reproducing the adult-oriented system stream
Ssc, and then reproducing the common system stream 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



reset when the cell is reproduced; when resetting the systemtine clock STC
is necessary, STC RESET is stored; if resetting is not necessary, STC
NRESET is stored. The seam ess angle change flag SACF reg stores a 25 val ue
i ndi cati ng whether a cell in a nufti-angle period - 208 should be
connected seanl essly at an angle change. |If the angle change is seanl ess,
the seanl ess angle change flag SACF is set to SM_; otherwise it is set to
NSM.. The first cell VOBU start add#é§§ C FVOBU SA reg 5 stores the VOBU
start address of the first cell in a block. The value of this address is
expressed as the distance fromthe |ogic sector of the first cell in the
VIS title VOBS (VTISTT VOBS) as neasured by and expressed (stored) as the
nunber of sectors. 10 The last cell VOBU start address C LVOBU SA reg

stores the VC%glstart address_of the last .cell in the block. The val ue of
this addre@? %ﬂ%ﬁ?%kﬁ?%s%%HGQE1PﬁesBF§P£H€eSFﬁéﬁﬁtmgquyc:sector of the

f t |1 th VIS titl OBS V dDb d d
(stored) 180 TTRTARTT SPdscctore: PHECREEodFAG e SRiraEE g, 63

d b | OV E th d di tabl e th
}§||gaf25 reéﬁgters ﬁ% 4o Inﬁelgapgfg}s gBFe gﬁlgga @ iﬂéﬁg °

control "&E@{Mdﬂwe&ﬁéﬁﬁ fgf oho 20ofeantess HuLthed fingle gpg eihe’C VOBU

|nformat|on reglster and | matlon reglsters
The § nf or nRifi Ahd agiest eéélé@tlﬂensésaaéeﬁoﬁvhhb ﬁﬂg.lt‘i.—%%tr{ ety 1 se

sub-registers NSM. AGL_C1 DSTA reg -
freely and in real-time durlng tltle playback.

This parental lock control technology can also be
used to enable title stream editing such as when making the
director’s cut. The director’s cut refers to the process

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



- 209 NSM. AGL Cl1 DSTA reg - NSM. AG. C9 _DSTA reg record the NVSL AGL C1
DSTA - NMSL AGQ. C9 DSTA values in the PCl packet shown in Fig. 20. The
information registers for seanless 5 multi-angle control conprise
sub-registers SM. AGL C1 DSTA reg - SM. AGL C DSTA reg. SM. AG Cl1 DSTA
reg - SM. AGL C9 DSTA reg record the SM. AG. C1 DSTA - SM. AG. C9 DSTA
values in the DSI packet shown in_Riag._ 20. 10 The VOBU infornation register
stores the end pack address VOBU in the DSI packet shown in Fig. 20. The
information registers for seanl ess reproduction conprise the foll ow ng
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

Interl eaved Unit Start Address NT-1LVU SA reg, the presentation start tine

f the fi i deo, £ in the.VoB (lnitial .Videg F P ion S
T ) vee PR ERORTat s BB PR, B Sia Tl T AR 1Retn| ORGPy ane.

in the \ngﬁgiof egigg%ygéege.gggsgggggﬁaﬁgTernination Time) VOB V EPTM

reg, audi o reéproduct oppi ng tine ‘A_STP PTML reg, audio
reproductiﬁ®1§ingﬂ%@g LbAerd1VOB A _STP PTM2 reg, audi o reproduction
stoppi ng perro EN1 reg, and 25 audi o reproduction stopping

period 2 VOB A GAP Itk cop@ept of2Mhlthhardierdcavedconttol! ag th¥U fl ag
reg stores the value indicating whether the video object unit VOBU is in an

i nt 8rl eaveprdsenk, iandnstionedsl Be¥crfibed imextand tth Itafiérdnewtto$FIge Unit
END flag UNIT END flag reg stores the val ue indicating whether the video
obj ect uni 44 VOBIni genhralasnuytBwediat Fe. tileseereavakekanmnaed |hWwU. Because t he
interleaved unit ILVU is the data unit for_continuous reading, the

UNI T- END_freagor@gngt bpsb ERP PRdiRe aPEBY ife umf@nmatieing read is the
last VOBU in the interl eaved unit |ILVU, and otherwi se stores N END. The

| nt er | eave§COMLECEAYCAYd EESOFEVDIEARSEPYt Sfe SRS URIREE sOBPr t RéMPast

Dlock. 15 i S1BRRILeRe SERRPe anT Rs AN miblh ARtV (oMt he

na%bgatiOn#gegkrggfggekgakhgcﬁHltimedia scenes obtained at recording
unit times Ti, T2, and T3 by recording the subject at
respective camera angles. Scenes #SM1, #SM2, and #SM3 are
recorded at mutually different (first, second, and third)
camera angles during recording unit time T2, and are

15 referenced below as the first, second, and third angled

scenes.

Note that the multi-scene periods referenced
herein are basically assumed to comprise scenes recorded
from different angles. The scenes may, however, be

20 recorded from the same angle but at different times, or
they may be computer graphics data. The multi-angle scene
periods are thus the multi-scene periods from which plural
scenes can be selected for presentation in the same time
period, whether or not the scenes are actually recorded at

25 different camera angles.



The Next Interleaved Unit Start Address NT_ILVU SA reg stores the start
address of the next interleaved unit ILVUIif the VOBUis in an interleaved
20 bl ock. This address is al so expressed as the nunber of sectors fromthe
navi gati on pack NV of that VOBU. The Initial Video Franme Presentation Start
Time register VOB V._.SPTMreg stores the tinme at which presentation of the
first video frame in the VOB startsyyp .- 211 The Final Video Frane
Presentation Term nation Tinme register VOB V-EPTMreg stores the tine at
whi ch presentation of the last video frane in the VOB ends. The audio
reproduction stopping time 1 5 VOB A STP PTML reg stores the tinme at which
the audio is to be paused to enable resynchroni zation, and the audio
reproduction stopping period 1 VOB A GAP LENT reg stores the length of this

palise period. The augig, LePEOAYClLaN,EEPRLROLELE 2 M VER A STRIETVE o0

and audi o reproduction stopprng perio rreg store e sane

val ues. Th%aﬁgﬁrﬁnﬁ}l f:{:;arﬁ&ea MRy flecoge n@@eé&f%%ﬁgngni‘e rt'iﬁ\fegr 95€3hqa

i nvention as g. 26 1s” described next wwth reference to the

flow chart gian H G, Sbeddrdlarnd ePrtdd 0202 hlilts-Ahsk debpedi nednuhkat her a
di sk has been inserted. If it has, the procedure nbves to step #310204. At

step #3102@%kerde aed WketdferStdaried e dbfmbfi §ng2éd) sceneead, aadet he
procedure noves to step #310206. 20 At step #310206, the video manager VMG
(Fig 21) that one of the multiple camera angles used in the
multi-angle scenes is usually the same as the common camera
angle.

To understand the relationship between these
various angled scenes, multi-angle scene control is

10 described below using a live broadcast of a baseball game
for example only.

The common angle scenes #SCl and #SC3 are
recorded at the common camera angle, which is here defined
as the view from center field on the axis through the

15 pitcher, batter, and catcher.

The first angled scene #SM1 is recorded at the
first multi-camera angle, i.e., the camera angle from the
backstop on the axis through the catcher, pitcher, and
batter. The second angled scene #SM2 is recorded at the

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.



is read and the video title set VIS to be reproduced is extracted. The
procedure then noves to step #310208. At step #310208, the video title set
menu address 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 di sk based on
the video title set nmenu address intgfnation VISM C ADT, and the title
selection nenu is presented. 5 The u¥er is thus able to select the desired
title fromthis nmenu in step #310212. If the titles include both contiguous
titles wth no user-selectable content, and titles containing audio
nunbers, sub-picture nunbers, or nulti-angle scene content, the user nust

al so enter the 10 desired angle nunber. Once the user selection is

conpl eted, the procedure noves to step #310214. At step #310214, the VIS
PGCl #i pr&BrafPeRdi ANERES) ﬁ%ﬂﬂ?lﬁ%ﬂ#g%ﬁw#%%%ﬁ%ﬂ¢n§ttgh?h§hirﬁle nunmber

sel ected b% hge user is extracted fr the VISPGC i nformation table 15 VTS
PGCI T, and™th&ipFalE&ddr & as & -t %%ﬁﬂﬁ%&.‘ FRI1+BdIEEPIORNSF t he program

chain PGC {h i t..step # 218, .. program chai n PGC reproduction
IS finishe%?ggﬁggﬁeggﬁﬁﬁd% rggbgég%#‘s.ﬂ¥$yh separate title is thereafter

to be reproduced asfkg:?fggggkgﬁﬁggwgiﬁééngggghgeégiga%éfF%dgﬁiscenario

selector, the title mend i s presented agaln tep am chain

repsoduct i gBehBsS a3 JAUDE ARV Gty ASRCE] g di h N EULLRShGIRREL! thROW
referring to Fig. 64. The program chai n PGC reproduction rgutlne consi sts
of 25 stepg2#3tB3@, pézlidI2 is#THAA%ed ik #BdWBEi 28n§8VBeene period."
By freely selecting one of the multiple angle scenes #SM1,
#SM2, and #SM3 in this multi-angle scene period, the viewer
is able to change his or her virtual viewing position to
10 " enjoy a different view of the game as though the actual
camera angle is changed. Note that while there appears to
be a time gap between common angle scenes #SCl and #SC3 and
‘the multiple angle scenes #SM1l, #SM2, and #SM3 in Fig. 44,
this is simply to facilitate the use of arrows in the
15 figure for easier description of the data reproduction
paths reproduced by selecting different angled scenes.
There is no actual time gap during playback.
Multi-angle scene control of the system stream
based on the present invention is described next with
20 reference to Fig. 23 from the perspective of connecting
data blocks. The multimedia data corresponding to common
angle scene #SC is referenced as common angle data BA, and
the common angle data BA in recording unit times T1 and T3

are referenced as BAl and BA3, respectively. The

25 multimedia data corresponding to the multiple angle scenes



- 213 At step #31030 the decoding systemtable shown in Fig. 62 is
defined. The angl e nunber ANGLE NO reg, VTS nunber VTS NO reg, PGC nunber
VTS~PGCI NO reg, audio ID AUDI O D reg, and sub-picture ID SP_ID~reg are
set 5 according to the selections.nade by the user using the scenario

sel ector 2100. Once the PGC to be reproduced is determ ned, the
corresponding cell information (PGﬁ:%nfornation entries CPBI #)) is
extracted and the cell information gister 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, interl eaved
allocation flag | AF reg, STC resetting flag STCDF, seanl ess angl e change
flag SACF,reg, first cell VOBU start address 15 C FVOBU SA reg, and | ast
cell VOBU start address C LVOBU SA reqg. Once the decoding systemtable is
defined, t#@1br oS82, t2Rhst M3 | e daehersntre asr Edmsbuf Secomst.e@ne31032)
and the praocess decoding the data.in the strean120 buffer (step #31034) are

acti vat ed #W%r%ﬂqﬂeﬁ’ 8 ep‘?%E%slgA}ra%?gr PRAgMadra £ BREVSIUEN buf fer
(7L oP, 10 ek 5 PERSERP Shp 705 R a7 SLRaRETAN, e o el o
fg‘hreq“i "&8k Predal Ag{ Lot henl eGPLHLAILTEdLY T 3Rd AP ihg the data to
5 multiple angle data units MAl, MA2, and MA3. There is also
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 MAl, MA2, and
MA3 and the common angle data BA (either the first common
angle data BAl before the angle selected in the multi-angle
15 scene period or the common angle data BA3 following the
angle selected in the multi-angle scene period). The
result in this case is that the title stream is not
naturally reproduced as a single contiguous title, i.e.,
seamless data reproduction is achieved but non-seamless
20 information reproduction results.
The multi-angle selection process whereby one of
plural scenes is selectively reproduced from the
multi~angle scene period with seamless information

presentation to the scenes before and after is described



the stream buffer 2400 according to the user-selected title information and
t he pl ayback control information (navigation packs NV) witten in the
stream 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 term nal 3600 and audi o data output term nal
3700. Thus, is the process for decgfd ng and reproduci ng 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 conpleted, it is determned in step #31035

whet her the conpl ete program chain PGC has 15 been processed. |If processing
the conplete programchain PGC is not conpleted, the decoding systemtable

thr ough <PECHs KIS PR Ach STy irtar TR aso Cabel BRERADARING™

processedFiﬁq the stream buffer data transfer process of step #31032 i.s
described In further detail belowreferring to Fig. 70. The stream buffer

data transfer procesfangimp #8d09denE08RE1LESS i$6EDS skILC4Ghg?#IHM B #31044,
#31046, and #31048 shown in the figure. -'215 At step #31040 it is

det er mi neghehauneripllee airjle icatta nuhite oyl ¢ ®RL| . ahé MBS, hlistpbecedure
noves to step #30144. At step #31044 the non-nulti-angle cell decoding 5
pr 6cess i sompdedtedd befimmey erepriddisteio# 30l 4the epunensd YEG bemamoseankdecel |
is amlti-angle cell, the procedure noves to step #30142 where the

sean ess Aa§Re B&ange danpy etmd- i sLevas iexkrenelyedeffiiaulihefhsr sean ess
angl e reproduction 10 is specified,, |[f seanl ess angle reproduction is

speci f i ed S*BfR EeateSHANAT ity B HeRTUT hg? PILB SR RSUBXECHRd in step
FS0Lts. | oSl Sen S LGP A AR gl SRE Lhgd, heonon sear css
non- mul t1 aagle coble dReqding, A 05888 K24 eR $2104M1e i dngtR) chaedescri bed
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



to Fig. 71. Note that the non-nulti-angle cell decoding process (step
#31044) conprises the steps #31050, #31052, 20 and #31054. The first step
#31050 evaluates the interleaved allocation flag | AF reg to determ ne

whet her the cell is in an interleaved block. If it is, the non-nulti-angle
interl eaved bl ock process is executed in step #31052. - 216 The

non-mul ti-angle interl eaved bl ock ﬁtggess (step #31052) processes scene
branchi ng and connecti on where sea S connections are specified in, for
exanple, a nmulti-scene period. 5 However, if the cell is not in an

interl eaved bl ock, the non-nulti-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-nulti-angle
interleaved bl ock process (step #31052, Fig. 71) is described further bel ow
with refer@h@élpo gﬁgsaWE m&lﬁﬁiﬁ?Q%ﬂiﬁﬁﬁﬂﬁu$?¥%ﬁﬁng %EaﬂszbbﬁrF§°Fﬁnped

he fi | | dd C EVOBU SA f 15.C
Log regi st BrrEEmLYoRen ﬁ%%ﬁaw{lt S%eesiceﬁ & Retp A paRicates i
he d d | 00
Lo e '%%13@3 G el i o epro Ao BoRbe SIS

reproduct i &5t Fol S|gna h contro

20 reprodughiQn £GaRt & ohl%%éggy% s. the recording nedia drive
unit 2004 aag ngna prébessor to no&ﬂlthe readi ng head 2006 to the

spesi fied address, @kfﬁ@m&ﬂ&@d@feéwgfcﬁpﬁcgesét@aeﬁoseeﬁgcaaade@.t her si gnal
processing is acconpllshed by the signal processor 2008, and the cell 25

start VOBUydghdnl 3 euliRut-adg lldhesdeid glirciest bid sdesariédlin £adthée the
stream buffer 2400. The procedure then noves to step #31D62. At step #31062

the DSI padkttidabaliow whiechnaefyatdrore packr L (76 9. FRP) 73, exhdaBigd in the

stream 5 buffer 2400, the decoding table is defined, and the procedure
nmoves to sﬁépb#§996@n the ddgiidiadr yviglao idiskhelata structure described

above.

10 Fig. 76 shows the presentation times of the
smallest angle switching units in each of the multiple
angle data units MAl, MA2, and MA3 shown in Fig. 23.
Within the context of the digital video disk system, the
multiple angle data units MAl, MA2, and MA3 are the title

15 editing units, i.e., the video objects VOB. Each multiple
angle data unit (VOB) comprises plural (three in this
example) interleave units ILVU as the smallest possible
angle switching unit. Note that each interleaved unit ILVU
thus contains a particular number of GOP. The first angle

20 data MAl thus contains angle switching units A51, A52, and
AS53.

The angle switching units A51, A52, and A53 of

the first angle data MAl1l 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



decoding table are the ILVU EA reg, NIl LVU SA reg, VOB V-SPTMr eg,

VOB~Vr EPTM~reg, VOB A STP PTML reg, VOB A STP PTM2 reg, VOB A GAP LENL reg,
and 10 VOB A GAP LEN2,reg. At step #31064 the data fromthe first cell VOBU
start address C FVOBU SA reg to the ILVU end pack address |ILVU EA reg,

i.e., the data for one interleaved unit ILVU, is transferred to the stream
buf fer 2400. The procedure 15 then mgves to step #31066. More specifically,
the address data | LVU EA reg storé& i'n the decodi ng systemcontroller 2300
(Fig. 26) is supplied to the reproduction controller 2002. The reproduction
controller 2002 thus controls the recording 20 nedia drive unit 2004 and
signal processor 2008 to read the data to the I LVU-EA reg address, and
after error correction code ECC and ot her signal processing is acconplished
by the signal processor 2008 the,da&a for the first ILVMUin the cell is
out put as FRECPEpRBELCedabRr YPPe SHTIGLET Lo COTPTIF S raRgd HFYEFCHEDY. 1t is

h i bl h - . 218 f i i | d
L' Pow onnEre pa bz, "ad Baaniist mr e st e e g B Ay ea'
#31066 it | det i d . i | i i he Jjnt d
P oon havehfalE! SEELRRC YAshagtiotly, e YREELd Saddhd el 04 8H, POV
processed Lgnppeskashnbkh¥l LwliRchigg Bhgflsesad t&ﬁ,k,ar'{é)@ffﬁ{#é'f"

indicating termnation”is set to the next-1LVU start address I LVLJ
SA~s§eg as ppesBpxhtieadtaddsess. 3l,f 131 hnidnterdwmpts Unidspddifely.

i nterl eaved bl ock have thus been 10 processed, the procedure noves to step
#31068. AtIsteho#ld068 hbeereatiangwhdde 20R6 argylagaiaty wped Ma2 | henaddr ess
NT I LWSA reg of the next interleave unit to be reproduced, and the
pr ocedur e MBdpsabhckasoastepet3l OPpTesKata ttilpat ttimes, jting peesdsbation
acconpl i shed as

time can obviously be set to various other particular

values.

10 The following example describes switching to and
beginning the presentation of another (next) angle view
while reproducing any particular interleave unit. For
example, if the angle is changed from first angle data MAl
to second angle data MA2 while reproducing interleave unit

15 A51, reproduction of interleave unit A51 stops and
reproduction of the second interleave unit B52 in the
selected second angle data MA2 starts. This change
intermits both the audio and video presentation, resulting
in non-seamless information presentation.

20 Likewise, if the user chooses to switch to the
scene corresponding to the third angle data MA3 during
reproduction of the second interleave unit B52 in the
second angle data MA2, reproduction of interleave unit BS52

stops and reproduction of interleave unit €53 starts. This

25 operation again intermits both the audio and video



15 descri bed above, and the |l oop fromstep #31062 to step #31068 is
repeated. However, if step #31066 returns YES, i.e., all interleaved unit
ILVU in the interl eaved bl ock have been transferred, step #31052

term nates. 20 The non-multi-angle interleaved bl ock process (step #31052)
thus transfers the data of one cell to the stream buffer 2400. The

non-mul ti-angl e conti guous bl ock pr%%ess is executed in step #31054) Fig.
71, is described further 25 below”ﬁ h reference to Fig. 73. -219 At step
#31070 the readi ng head 2006 is junped to the first cell VOBU start address
C FVOBU SA read fromthe C FVOBU SA reg register. This junp is al so
acconpl i shed 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{ gs extractgg.in t.he stream huffer, 2400, the decodi ng
table i s dRFPRER-2RAATY hECFPOCERTr &MnDPES SERTEYeSS dtframath@ny egi sters set
in the 10Ag§§ggbggﬁkggle are the VOBU EA reg, VOB V SPTMreg, VOB V EPTM
reg, VOB reg, VOB A STP PTM2 reg, VOB A GAP LENL reg, and VOB A

GAP LEN2 reg. At st 3 ts F#g i V, start

address C FVOBU SA Sggbét é:%f%e 12\?1 paagiﬁiﬁe%é%ﬁq&gr %?wfeeg. , the

data for opglvigea Qhheet aHRh! AUEBHg Gathl 3Ry {h t ream buf f er
P 9. oo SR IE A T

2400. The procedure then noves to step #31 one vi deo
obj gct uni fepcBEueENbhguBUEhy angayeBeing e dRedH N dieumMean thus be

transferred to the stream buffer 2400.
information presentation, i.e., presentation without
intermitting the audio and video, does not occur.
The method of switching the angle after

completing interleave unit presentation is described below.

10 If the user selects second angle data MA2 during
reproduction of interleave unit A51 in first angle data
MAl, for example, the second interleave unit BS2 in the
second angle data MA2 is selected from the point
reproduction of interleave unit A51 with a presentation

15 time of 1 sec. 1is 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 AS1 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



20 At step #31076 it is determ ned 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 | 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-mul ti-angl e conti guous bl ock pr ss (step #31054) termnates. This
process thus transfers the data of one cell to the stream buffer 2400.

Anot her net hod of acconplishing the 5 non-nulti-angle cell decoding process
(step #31044, Fig. 70) is described belowwth reference to Fig. 74. At
step #31080 the reading 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 str 0 f ;. 1he_ procedure then poves to step #31081. At
step #3108%?’?%%" %qap%%f&%ét“ag i’?&ﬁ%’e Yt Yht PontRacReRONAFigtezdpayve
extracted iypitthassst rigppyufdAr, %%{) ecodi ng.table is defined, and the
pr ocedur e nodés to giep #315§f (3%%iﬁﬁétéég%%td?ﬁatﬁéﬁ151d§coding tabl e

are the SCRnkefirfleiave/dBld tFAT X s IdMEdHaY ¢8% T. .reg. I LVU EA
reg, NT ILVU-SA reg, VOB V-SPTM reg. VOB V EPThf%,r%eﬁkggbo TRE reg,
B

VOB A- STP PTivEnlegve/OBik @52 LiENtomg.ettsd. VOB, AGAP LEDR £RG. 20 At step
#31082 the data fromthe first cell VOBU start address C FVOBU-SA reg to

thedend pacRmpdetden vOBUNEanlegve unit B2 dedprd@icONEnVideqtobj gk unit
VOBU, is transferred to the stream buffer 2400. The procedure then noves to
step #31088rom thgypeginning of the multi-angle scene period, the
beginning of interleave unit C53 is at 4 sec. from the
beginning of the multi-angle scene period, and there is
again no time-base contiguity. The connection between the
10 audio and video components of the interleave units B52 and
C53 is also not good.

It is therefore necessary for the interleave
units of each angle to have the same reproduction time and
contain the same number of video frames in order to achieve

15 seamless information switching between multiple angles.

The internal structure of the interleave units is
shown in further detail in Fig. 77. As shown in Fig. 77,
each of the interleave units ILVUbl, ILVUb2, ILVUcl, and
ILVUc2 contains interleaved audio and video packets,

20 indicated as A and V, respectively.

In general, the data size and presentation time
of each audio packet A is the same. 1In this example,
interleave units ILVUb1, ILVUb2, ILVUcl, and ILVUc2
respectively contain 3, 2, 2, and 3 audio packets.

25 Therefore, angle data MAB and MAC each contain 5 audio



At step #31083 is determ ned whether all cell VOBU data has been
transferred. If it has, the process (step #31044) termnates. If it has
not, the procedure noves to step #31084. 5 At step #31084 it is determ ned
whet her the VOBU is the last VOBU in the interleaved unit. If not, the
process | oops back to step #31081. If so, the procedure advances to step
#31085. It is thus possible to trangfgr one cell of data in VOBU units to
the stream buffer 2400. 10 The | oop fromstep #31081 to step #31084 repeats
as descri bed above. At step #31085 it is determ ned whether the interl eaved
unit ILVUis the last in the interleaved block. If so, step #31044
termnates. |If not, the procedure 15 advances to step #31086. At step
#31086 the readi ng head 2006 is junped to the address NT_ILWSA reg of the

Uhus posei BEEWESY PO Aoy i atEees LMD PP EEnbRe “LERnR P30 nat  or

2400. The anml ess nmulti-angle decodi ng process executed in step #30146,
Fig. 70, iS5 described belowreferring to Fig. 75. At step #31090 the

readi ng head 2006 i yjguweshitcrbngheohtFel #ethiMOBUnshidlit-adddeess C FVOBU
SA read fromthe - 222 CFVOBU SAreg register, and the first VOBU data

in the cel kcenet pardiod rthgra direy 4 maat brdfigle 2498temhetpeaneduon)t hen
noves to step #31091. This junp is also acconplished as described above,
and 5t he | owpthr dinist gacket3 Eiotuatng eps #34995ibedi helowt ed. At step #31091
the DSI packet data in the navigation pack NV (Fig. 20) is extracted in the
stream buffer 2400, ¥hethRcyewhg tabfeifshgdsr frem iateriieavedod®dir e noves
to step #31092. The registers set in the 10 decoding table are the |LVU EA

reg, SM. AGLVEPIDEPA g Inqvedyunst pETUGRg, fooBeYamptRy r £§e W¥eBaV EPTM
Ezg,Lgﬁg‘fB§; eETo g%%igﬂg%éiéﬂg)fﬂmghégg’t#gfﬁﬁigﬁfe%5§1u£g%é and VOB A
IILVUbl and ILVUc2 is 6, which is one more than the
10 specified total number of 5 audio packets in this
nulti~-angle scene period T2. This would therefore result
in an overlap of one audio packet in the reproduced audio
if these two ILVU were connected and reproduced. Likewise,
if the angle is changed between the two interleaved units
15 ILVUcl and ILVUb2 containing only two audio packets each,
the total of 4 audio packets is one less than the specified
total number of 5 audio packets in this multi-angle scene
period T2. Connecting and reproducing these two
interleaved units would therefore result in an audio packet
20 shortage, and a break in the audio equal to the duration of
one audio packet. It is therefore clear that when the
number of audio packets in the connected interleaved units
is not 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



At step #31092 the data fromthe first cell VOBU 15 start address C
FVOBU- SA reg to the I1LVU end pack address ILWEA 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
contiguous interleaved unit I1LVU on the recording nediumM 20 to the stream
buf fer 2400. At step #31093 the ANGE NO reg is updated, and the procedure
noves to step #31094. This update'g% ration resets the ANGLE NO reg to the
angl e nunber of the angle selected by the user when the user changes the
angl e 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 all ILYE in the cell have been

transf er r SFCIINETEINDRRREI R A ARBLSeARNE(8p 43165 itFente 2B P head 2006

i's junped t.q.the nggé angle (SM. AGL C#n reg), and the process | oops back
to step #¥ IeBte-that SM. AGL- C#n reg is the address of the angle to

o s erhe Ao EEg, Va8 URGRLCAuITLAnsneh LR Boddndr ilUi? £98° ' ©

to transfer the data e angl e Selec e user e stream

buffer 240, ¢y dMidsa MAS Qﬁé"ﬁﬁé%géwﬁnwﬂbteg"lg@%@) %@Q‘Qi’?\g process Is

15 executed 1 n step #30148, Fig. 70, Is descri elow referring to Fig.

65.5 At st g3 AR thea1cadi £, headmmORGahg1uABEd BA1t Redl iBagt cel | VOBU
start address C FVOBU SA read fromthe C FVOBU SA reg register, and the

first VOBldiiaain nthidiec@dfineel dudbot danaf efr edet @oinmens isiceaash WdRire2400.
The procedure then noves to step #31101. This junp is also acconplished as
descri bed aalsbaf tamndthdemk bop-énghe ssepng3pediotic sThe AAYEI6 arsyliani ti at ed.

data MAB comprises first angle interleave unit audio data
iLVUbl and ILVUb2, the smallest angle switching unit within

10 the multi-angle scene period. The second angle data MAC
likewise comprises second angle interleave unit audio data
ILVUcl and ILVUc2.

Fig. 14 shows the audio waves resulting from the
audio data recorded to the multi-angle data MAB and MAC

15 within multi-angle scene period T2. The contiguous audio
output of angle data MAB is formed from the two interleaved
unit audio data ILVUbl and ILVUb2. The contiguous audio
output of angle data MAC is likewise formed from the two
interleaved unit audio data ILVUcl and ILVUc2.

20 What happens when reproduction of angle data MAC
is switched to during reproduction of the first interleave
unit audio data ILVUbl in angle data MAB is described
below. In this case reproduction of interleaved unit
ILVUc2 occurs after reproduction of interleaved unit ILVUb1

25 is completed. As a result, the audio wave resulting from



At step #31101 the DSI packet data in the 25 navigation pack NV (Fig. 20)
is extracted in the stream - 224 buffer 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 AG Cl1 DSTA reg, NSM. AG. C9 DSTA
reg, VOB V SPTMreg, VOB V EPTMreg, 5 VOB A STP PTML reg, VOB A STP PTM
reg, VOB A GAP LENl reg, and VOB A,GAP LEN2 reg. At step #31102 the data
fromthe first cell VOBU start add# s C FVOBU SA reg to the end pack
address VOBU EA reg, i.e., the data for one VOBU, is transferred to 10 the
stream buffer 2400. The procedure then noves to step #31103. It is thus
possible to output the data for one contiguous video object unit VOBU on
the recording mediumMto the stream buffer 2400. At step #31103 the ANGLE

NO reg i s updated, apd 15_t he grocegure noves tqQ step #311Q4. Thi s update
oper at i on YRR sEYRLAREE ESRVL PGSt A8 Engr&EeAuiide &S (HhOUh¥ sel ect ed

b h h ] I ' I I

2100 (Fi g 2o Ve B85 THBATER | d%act BPien S0 Ainditer S SNE b Cel
data h d : in .t | I d

Cranst or r QHERRG 5 beent, 2ofogel i 88eE R s Whei®, T w8
have been I{ans{erigdiot B6nREEEESR Ler 'Eh@%h%%fep“ho%t Ridripyetda ¢ he reading

head 2006 1s junped to 25 the next angle ( AG_C#n reg), and the
progess adyatib€Sactory.

If the audio data is encoded using Dolby AC-3
coding, the problems are even greater because AC-3 coding
use time-base correlations. Specifically, because the
audio 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.



- 225 to step #31106. Note that NSML AG. C#n reg is the address of the
angle to which the ANGLE NO reg was updated in step #31103. It is thus
possible to transfer the data for the 5 angle selected by the user to the
stream buffer 2400 in VOBU units. Step #31106 is an effective step for high
speed angle swtching, and sinply clears the stream buffer 2400. By thus
clearing the stream buffer 2400 thqﬁgq;a for the 10 newy selected angle
can be reproduced w thout reproduci the angle data that is still not
decoded. In other words, clearing the stream buffer 2400 enabl es faster
response to user operations. It is very inportant that DvVD decoder
according 15 to the present invention can pronptly noves to the next data
readi ng process and effectively perforns the data readi ng once after the

detection of the end qf data such as interleave unit, |LVU and vi deo object
unit VOBU for the sdetdralihfi &&eN%FPHFRT ACTRF LA stBnENSF i n
targets 20 0 resent. i nventij on eto

f th . With f ) Fig. 66 .
constructiBEeﬁ%nghgnnggéﬁPb&FfgF%iﬁﬁg%&ﬁ%ﬁdgéﬁ‘ r?%ﬁ?éé%ﬁ% %ﬂSFﬁgtection
f interl i L j i d i.ef [\ 400
o Tnierleqte UBAELLAg G656\ Wk T s Lor 000

extractor s _ o Lot Rl T2 390 3A4Q8. pystem buffer 2404
t enpor ari Iéﬂg?%r gg&tlﬁeg?i t ee%cor%t rol dat%a VTSI (eﬁ?_%fp 16) included in signal

St 6k, and outputs aqgEteidst Hrfr@tdors HRAESt 68htaiRB angYES PCC. The
VOB buffer 2402 tenporarily stores the title VOB data VTSTT VgB (Fig.
1002), andswhechtinheganmS3ttas Ata ,t da 25y sireimadec edertZ2b0énallest possible

angle switching units. These angle switching units A51,

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, B12, and B13, and the third
angle data MA3 comprises angle switching units C11, C12,
and Cl3. Each of these angle switching units also
respectively have presentation 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



The NV (navigation pack) extractor 2406 receives the VOB data at the sane
time with the VOB buffer 2402, and 10 extracts the navigation pack NV
therefrom The NV extractor 2406 furthernore extracts the VOBU final pack
address COBU EA or ILVU final pack address |LVU EA which are the DS
generation information DSI G shown in Fig. 19 to produce a pack address
information St2452 (St63). 15 The g?a _counter 2408 receives the VOB data
at the sanme tine 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 termnating signal St2454 (St63) at the tinme when the inputting of
pack data 20 is conpleted. Due to its construction shown in Fig. 66, the
stream buffer 2400 perforns the VOBU data transfer as exanples at step
#31064 of Fia. r2..as follows, The sir ag1b ffer 2400 outputs the VOBU data
for the NV extractor BN REE RO ot B o8dBeat 1Re /s & NWRbeFhen

ot oo S erm o e o ooy PR 0808 BB SRu ehe e
data of | L\¥dmeA anbpdl dd0d) &%ﬁeg%ﬁ%@n@agfgbéarmgs' t@g,ggge?gpgg) O

navi gati on pack data NV, and outputs thereo rgnal™™S

t he decodeusydt asveNnt rafd eiw P {d ther< e THENGCEALE cEYS rol | er
2300 stores the signal St2452 into the |ILVU EA r%g an N§¥I%%%hgﬁﬂ%gg, and

thed start atre dbents arte Murdiresf packs Hieser- 0Brt heppaek-L0ctenwi nating
signal 2452 fromthe data counter 2408. Based on the fore nmentioned the
counted vakRod of isadihe anthkdrVbEAranes tdenttdetndd® systrarcedbrol | er 2300
detects the instance when the inputting of final pack data of ILVUis

conpl et ed, Forthgamonsut tqhapsineithsy e oath pdrahetéirnabttingack of the
ILVU is conpl eted. Then, the controller 2300 further give a command for the
bi t st r eam FEFAOGEREEY SHFOND TRy SN INY REFEedw PiwbhyY qompdioateddr ess

i ndi cat ed -1.LVU SA reg. The hitstream producer 2000 noves to the
sect or add{r%ég‘grivlr}ée@ateéﬁ:?#ﬂq_\ﬁ? °rS]e' ,a’gawdl%t%?’{'s tReredarse the data.

Thyg, the ¢ ti f.Jinal end of ILVU and readi ng process for the next
| LVU can be8%§%&£%%5§%§Tectively. In the above, an exanple where the

ol o R Y e 8 A A5 SEBLBLILE AR T
Fig. 46, i.e., a method of setting the actual presentation
times of the smallest angle switching units of the audio
and video material in the multi-angle scene period to the

15 same times, is described below with reference to Fig. 78.
As the example shown in Fig. 78 writes two angle

data units MAB and MAC to the multi-angle scene period, and

each angle data unit comprises two interleaved units ILVUbL
and ILVUb2, and ILVUcl and ILVUc2, respectively. This is

20 for simplicity of discussion only. Each interleaved unit

is a GOP structure. The GOP structures in the‘multi—angle
scene period set the M and N parameters of the synchronized
interleaved units ILVUbl and ILVUcl to the same values, and

similarly set the M and N parameters of the synchronized

25 interleaved units ILVUb2 and ILVUc2 to the same values. By



-228 buffer 2499. However, in the case that the signal processor 2008 of
the bitstreamreproducer 2000 is incorporated wwth a buffer for error
correction process, for exanple, the controller 2300 gives a novi ng comand
to 5 reproducer 2000 so that the reproducer 2000 noves to the reading
position indicated by NT_ILVU SA reg after conpletion of the final pack
data of fore nentioned ILVU and clegsdng the internal buffer of the
reproducer 2000. Thus, the effective  reproduction of |ILVU data even when
the 10 bitstreamreproducer 2000 includes a buffer for error correction
code (ECC) process. Furthernore, when the bitstream producer 2000 has a
buffer for ECC process, the data can be transferred effectively by
provi di ng any neans having a function 15 equivalent to that of data counter
words,. the bitstreamreproducer 2000 generates the

2408 (Fig. ...Ln_other .

pack inputtggépPgﬁpghtgfgﬁgpeSF . SHTY & rREDninoPPER 2BODegi ves
a command d gna t t he . hi.t.stream reproducer 200 to nove to
t he readi ngggg gggi traggnﬁﬁ%\ii rl%%s (%;teos:éné:&a:r]eos%etd’é%‘?%r%‘ét)e BYARTIREYULRA reg.
As appareny; e , e ndata +C r erred effectively even
when t he b?%gtfrggg?lntar ggr%gg%cgtragzggots%é:s%g %ré:tsfeg‘?\é t‘%‘:)rE b%?e?m?%éeﬁ ta

repr oducedahg0m sheteadagdungtmadiv@iM  THuL2Yhdd e t npred that the
apparatus and net hod substantially the same as those dé%ggﬁ%egéin t he above

W t B respechahgetin€ériont €ilreaveangiiet dattMUrean Merusedd dndhe getgchien VOBU
end. In other words, by replacing the 5 extraction of IL EA and

NT_| LVU_SalL¥Hd2t heostdgipgsolileYUpEa seed atnicdbriNiI4RAhtSA/idgo Wi t h t he
extraction, of VOBU EA and storing VOBU EA reg, the apparatus and net hod
accordi ng tBterRBlEenent orno¥Rtilen, adeshs lralabend tataindpasedidénr t he
detection of an @nd. This is effective for 10 the VOBU data transferring
oper at i onsC@RoRA athieypsd Rseovse #Beogrgles Fogtchimy #3MMDRy Heétween he
readi ng of _data ?uch S | LVU,_and VOBU can be perfornmed effectively.
Decodi ng' FIroWe H°tﬁg Yt *8af'6ufPBR 15 The process for decoding data in

opgeL A DT 24RO A5 SR HA S EL SR 0 el o
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
interleave units ILVUbl, ILVUb2, ILVUcl, and ILVUc2 contain

15 interleaved audio and video packets, indicated as A and v,
respectively.

The audio packet A data size and presentation

times are normally constant. As also shown in the figure,
ILVUbl and ILVUcl in the multi-angle scene period have the

20 same number of audio packets (2), and ILVUb2 and ILVUc2
have the same number of audio packets (3). By thus writing
the same number of audio packets to the synchronized
interleaved units ILVU of different angle data MAB and MAC,

the audio data presentation times can be set the same on

25 the smallest angle switching unit level in different



conprises steps #31110, #31112, #31114, and #31116. At step #31110 data is
transferred in 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 data is fromthe stream buffer 2400 to each of the buffers,
i.e., the video buffer 2600, sub-picture buffer 2700, and audi o buffer
2800. - 230 At step #31112 the | of the user-sel ected audi o and
sub-picture data, i.e., the audio ID AUDIOID reg and the sub-picture ID
SP IDreg stored to the scenario information register shown in Fig. 62, are
conpared with 5 the stream|ID and sub-streamID read fromthe packet header
(Fig. 19), and the matching packets are output to the respective buffers.
The procedure then noves to step #31114. The decode tim ng of the

cedure th i a4, T e timng of th

Control | e W ety AT, ity SHE R UG AR bRLRECR Shite, Bt <
h [ , t 1 th

Gecoder sylR: G, B%s, SR RRNS RS g h PRl v snRC Al 1

reference 40+ t83nckd INGISSPAStAY erick eARGE 8" ¥wEtELIGS Bbeikep decoded
at step #31116. The vi deo decoder 3801 thus reads and decodes the data from

the video buhf ®e aldiE il Hadalise dacodengBd08vieaHsngndidesglasekhatat a

fromthe sub-picture buffer, and the audi o decoder 3200 reads and 20
decddes thehdalga.fromthe audio buffer. This stream buffer data decoding
process then term nates when these decodi ng processes are conpl et ed.
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 audio data presentation time. It is
possible to avoid intermitting the audio presentation,
however, by writing the same (common) audio data to each
15 angle within a multi-angle scene period on the smallest
angle switching unit (ILVU) level. As previously
described, seamless information presentation can be
achieved by arraying the data to assure contiguous
information content before and after the connection points
20 in the reproduced data, or by formatting the data in closed
data units that are completely reproduced at the switching
points.
A further multi-angle scene period data structure

in which common audio data is written to each different

25 angle is shown in Fig. 80. Unlike the structure shown in



The decoder synchronization process of step #3l 114, Fig. 67, is described
below with reference to Fig. 25 68. This processes conprises steps #31120,

#31122, and #31124. - 231 At step #31120 it is determ ned whether a
seanl ess connection is specified between the current cell and the preceding
cell. If a seanl ess connection, the procedure noves to step #31l22, if not,

the procedure noves 5 to step #3114 - A process synchroni zi ng operation for
produci ng seamn ess connections is executed in step #31122, and a process
synchroni zi ng operation for non-seamn ess connections is executed in step
#31124. 10 By neans of the present invention thus described it is possible
to read and supply to a decoder the source data for plural video objects
Wi thout interruptions in the data during reproduction. Wen reproducing
plural vigde.olssctthiof ddtea sstmudtangs his i dchbewb8obponsibliagt auagant essly
15 reproduce the video objects without intermtting the data or the
present at idartat ithe tevien dompietaeriwlidthin ¢ack switechbhgeonitit is al so
possible to supply the data of plural video objects to the decoder without
i ntermtti(dgterd egated it fdsdin homnFlerdatyi YAB apfleMdCean al so be
20 reproduced by reading only the necessary information and seani essly
switching the prescREMFF deldeoBpete ﬁFFﬂoiF FRu&r FPIPLRG S We T duri ng

tation. Sw.tchi bet l_vid | ect n_al b
Dol | s e i W Tt o PIALEaTh R SaSPindsS) ocess.
Furth L i . 1 1 | f t - 232. th
Cyst om st ASROREST R, Ttio JetVE AR SR ofE pprnéifinke Taale of
ystem st e . | e mddie of
Uhece dynaniet eaate et 1L e LB O A ST e ERTRE pPERE friad e o

I ndust ri al-ARAlH GARIY idherf\Stie ARPRL 1 él‘i&’ﬁ?é‘d”ﬁ}hgﬂiéeﬁiﬁg 2ppar at us
er

according to the present invention for int eaving a bitstreamto record
t he interlfasd dridid riaaes eaved oot Tt NpLverl ubb asdcenpr adyse t he recor ded
bitstream 10 therefromis suitable for the application of an authoring
syHl em whiicttexdreagestbnatiet Al &2 ivithiy auli éenngdedt atidocdasar uct ed by
bitstreans carrying various information in accordance with the user's
request, andtisagisle sigens|rerbed LDy struckyeedp sk System or DVD

System bei ng 15 devel oped recently. -.,233 - Sybstitute Sheet - 3 July
2002 CLAI MVB: Note that 1f 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.



1. Abit streamgenerating nethod for generating a bit streamstored to a
di sc reproduced by a disc reproduci ng apparatus, where said disc
reproduci ng apparatus conprises a track buffer for tenporarily storing data
read fromthe disc to the track buffer at a read rate Vr before
transfen-ing said data to a decoder at a supply rate Vo, where said read
rate Vr is greater than said suppky4Bate Vo, and said bit stream conprises
a plurality of video objects (VOB) of which one is alternatively reproduced
from anong mvideo objects (VOB); said bit strewn generating nethod
conprises steps for: selecting mvideo objects (VOB), obtaining a tine t2
at which reading a bit streamfromthe disc will be interrupted when an
optical head of the disc reproduci ng apparatus junps between an interl eave
unit (ILVU,~) and amti shenllédave wmaitted Hh4t-+the preeacineénsebect ed m

vi deo objects (VOB) is segnented into v interleave units (ILW~)

i nterl eavehdaXl ansegoentamited, to. bh¥y-two. or lthwidemtynes Ildf/ldmgle

ILW~. . ILVUz2 .... | LVU~~, ., ~z. .. ILW2 .. ILWec,,.,~ .ILWc~_, ~
| LWem , ~c-data . Mvmhlmthe WB\NZJ- apg¥e2scene neLm@m The 7| LVUm~ .. -
234 - ' Substitute Sheet - 002 where i_ is sequentlal value

i ndi cati vé"b¥tH-3ngLEs BEFBEt PFV@B):‘ 'a"ﬁdspéﬁ'r&eélﬁoorﬂof e Mindted $Q
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differentléﬂ] e \r - Vo during atine tl, said tine tl being a period
during whic it streamconstituting said interleave unit (ILVU,~) is

read from disc, segReNbisNGHOUARQ YILGIHd HP ddHLdeaveapits (1 LVY; ~)
wher eby said data gquantity

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 MAl1, 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



d 1 stored to the track buffer exceeds a data quantity d2 transferred at
supply rate Vo fromthe track buffer to the decoder during said tine t2,
and generating a bit streamin which segnented m video objects (VOB) are
interleaved in the sequence described above. 2. A bit stream generating

met hod according to claim 1, wherein a video object (VOB) contains
conpressed i mage data, and the stepf%or selecting a video object (VOB)

sel ects mvideo objects (VOB) having the sane presentation tinme for the
unconpressed i mage data contained therein. 3. A bit stream generating

met hod according to claim 1, wherein said video object (VOB) contains inmge
data conpressed according to a MPEG standard, acid a smallest control unit
(VOBU) which is a sub region of said video object (VOB) constituting an

i nt er | eaveoumespdriding it Bthendedl thi-and3@® data , Mah| cMARS andi MAge data
conpression unit. - 235 - Substitute Sheet - 3 July 2002 4. An optical

di sc (1VI Fongitidide mpea af il Ryt (e erkcedebygch apde €8Yr odu ey
apparatus, said hit streamconprising a plurality of video objects (VOB) of
whi ch oneM?d &aldr mat'iGRtY L?%cﬁfc%‘%f'r orhano®y af viEheoMdsj sedd FvoB),

whi ch onel®d £ ey Rerodtict |

1 or at | SR GGy & At S KA Hee b ¥ oF ARt PO GFof BGe hied ator es
at i t, b Herietinn Sfordgetires”

br Saent at Fon SauaHER HH Grodi Ao TSR | RPERe ) DESoPRANE: BARiey

bj Vi | Vel Lpl [ ' VOB

ob] ect. (VGRle Andhivhial aplieresh LT ULV EDSMELR Erihien sl 8ty (VCD)

are associate sane group,” said vide storage area

stores ongsORHBDIRM %@M&H&ﬁ&@_ﬂﬁ@ﬁ%%& BioBk(Whehg Mis an
i nteger value of two or nore) video objects ( ) associated with a sane

group i s eRQIBtieAd iddrnhact idres | 2Py ealew tset | £, samDBEEe pil alybatk
sequential value indicative of a video object (VOB) and ranges from1l
(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. 1In

15 a stream with the structure shown in Fig. 47, it is
possible to switch to VOB-C or VOB-D during reproduction of
VOB-B. It is therefore likewise possible to switch to
VOB~-B or VOB-D during reproduction of VOB-C, and to switch
to VOB-C or VOB-B during reproduction of VOB-D.

20 As previously described, the unit for changing
the angle, i. e., the angle selection unit, is the smallest
interleave unit obtained from the conditions defined by
equations 3 and 4, and is defined as the angle interleave

unit A-ILVU. A-ILVU management information is also added

25 to the angle interleave unit A-ILVU. The navigation pack



tom and j is a sequential value indicative of an interleave unit (ILW)
and ranges froml1l to v, and said interleave units (ILVU ~) are arranged in

a sequence ILW..ILw, .... ILVU-m_ ,),..ILVUn .. ILVU z..ILWz ....
ILWm ,)z..ILVUn2 ILW~,,.,).. ILVWR~~_~) .... ILVU-m;)cY.~)..
lLvUn, ~~.,).. ILVW,,,..ILVUz,, .... ILVUm,),... ILW". - 23G -

Substitute Sheet - 3 July 2002 saitb0nterleave units (ILW~) are segnented
fromni video objects (VOB) in such a manner that a disc reproducing
apparatus is supplied with data sufficient to sustain presentation for a
time t3, where tine t3 is a sumof tinme tI and a tinme t2, time tl being a
time required to read a bit streamconstituting said interleave units
(I'LVU; ~) froma disc, and tinme t2 being a time required for the disc

reproduci gg %&Wi_@ﬁéi)ﬁ Qe idedidortd SNdSPESULgi s OR-T1.900 | nterl eave
unit (ILVU;~) to interleave unit (ILVU;~) to interleave unit |LVU, ~+ ~),

and sai d mahagedand Whforaatdrees one or nore sub regions (VOBU) to which
vi deo data and managenent information (NV) are stored, and sai d managenent
informati on (NV) cdcapresaspbadimddriibsis théotanti packl BAMEAEsi ddi thtel ve of
an end address of the associated interleave unit (ILVU), and |inking

i nf or mat i GHXERNY AAIIFA) andiithe iagdrsgss Posthe orexh AhELUVsareM) of a next
interleave unit. (ILW to be reproduced. 5. A disc ( for storing a bit

st Peam r epPEQEEEE HPTa REWRY éfiD@RTi IRy S A%s2netheni Age8iveEEM 4,

erpor ari PF &6y (Y THPT et Hicbm AGre dIEELS cohfe FPGERSDAPTEPTR a read
(ae VR L 0 Sl SRS O SPPRTL e RUBBLY rte Vo
comprises two video object units VOBU in this example, and
the navigation pack NV of each VOBU contains the ILVU end
10 pack address ILVU_EA indicating the address of the last
pack in the ILVU to which the VOBU belongs, and the
next-ILVU start address for each angle data block #1 - #9
(SML_AGL_Cl1 DSTA - SML_AGL _C9_DSTA). These addresses are
expressed as the number of sectors from the navigation pack
15 NV containing the address information. 1In 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



supply rate Vo, and - 237 - Substitute Sheet - 3 July 2002 said bit
stream conprises a plurality of video objects (VOB) of which one is
alternatively reproduced from anong m vi deo objects (VOB); wherein said
interleave units (ILVU,~) are segnented from mvideo objects (VOB) in such
a way that a data quantity dl stored to the track buffer at a differential
rate Vr - Vo during a tinme tl excegdg a data quantity d2 transferred at
supply rate Vo fromthe track buffer to the decoder during a tine t2, said
time tl being a period during which a bit streamconstituting said
interleave unit (ILVU,~) is read fromdisc, and said tine t2 being a tine
at which reading a bi t streamfromthe disc will be interrupted when a
head of the di sc reproduci ng apparatus junps between an interl eave unit

(1LVU =) andy anal gt e8ye (il bbbl bl dindt dimgi L1 ML) cacegLgigo to

claim4, ereln e end positiron in OI’ITB.IOI’]O anln er

conpri ses egen [

i nformati OEH?V@%EEA)% t%ghg gg?tgt ggus&(b]%r :at;%)(}s@%ﬁgd]'% fd'tﬁg Uﬁlﬁ% END
flag) indi sas_»regm\afﬂ%tehq&mu&@ bt @hleed® Wiidydrer mﬂ%@ﬁlégvéhen%ses'tat ed
sub region. disc (M according to claim4, wherein mvideo objects

(VOB) asSossateﬁlpwtalmaysamr@aom ¢hrl airaddoiEssef] anagendagathaybrg the
same presentation time when unconpressed, and sub regi on (VOBU) managenent

i nf 6r mat i obhéNehgdensailested- n238 -isSoistn tirpmitShieet the 3tdatky ROGEeend
address information (VOBU EA) indicative of an end address of the

associ at edHoWBVeEgi Sheonedits@ngd ef lcagnEiNbe EpProdyged nghtal i theoflada end

of an interleave unit,
for the prev1ous angle (the angle being reproduced when the

angle was changed) in the track 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



l'inking information (NT ILVU SA) indicative of a position on the disc (M
of a next interleave unit (ILVU) to be reproduced, arid angle-specific
linking information (SM. AG. C#1-9 DSTA) indicative of a position on the
disc (M of a next interleave unit (ILVL~ to be reproduced for each video
object (VOB) dur i ng a 1 ternat i ve presentation. 8 A disc (M according
to claim4, wherein sub region (VOBY,image data is inmage data conpressed
usi ng an MPEG net hod, and said sub region (VOBI~ is bounded by a GOP unit,
which is an inage data conpression unit. ~. A disc reproduci ng appar at us
(DCD) conprising a neans for reading presentation sequence information,
group information, and a video obj ect (VOB) froma disc (M according to
claim4, a retrieving means for retrieving nmanagenent information (NV) from

aread vid ' for ,storing.the managegent information
(NV), - ggbt%%af)vs% iYﬁ?%te ‘gﬂ{eéerteé 1 3<_r ﬁl% Iﬁ;o&n ae?)?lés%ﬂgggi BHSEORAVS! neans
for controldyenganda i fide P SEHAL | on according to a presentation

sequence indicated by the presentation sequence information, an angle

presentation detectinerawpds, fos dedpriiagybepbeauger ead (hig Aot is

an alternatively presentable video object based on the group 1 nformation,

an angl e seindds dretvesns dawh saigind,| thoehdbde® SBFesh WiSP Ber €ad Vi deo
object is an alternatively presentable video object, an interleave unit end
det 8cti on woapd ety widfhememaEaly eritbrddnes sun 1 ©r math o8 heayy EANtfor an
interleave unit contained in the managenent information of a sub region

bei ng pres¥RC&F, thed MRAG @tianglambt ercwsstieR i stroétanei usergeave unit

has reached the end, and
compression method that does not reference any frames

outside the interleave unit must be used. If this method
is not used, it is not péssible to seamless connect and

10 reproduce interleave units from different angles. By using
this VOB structure and interleave unit alignment, however,
contiguous reproduction is possible time-wise even if the
angle is changed.

The number of interleave units in the multi-angle

15 scene period is determined by the number of interleave
units in the other angles that can be arrayed within the
jumpable distance after an interleave unit is read.
Regarding the arrangement of the interleaved units in each
angle, the interleave units reproduced first in each angle

20 are arrayed in the angle sequence, and are subsequently
followed by the interleave units reproduced next in each
angle being arrayed in the angle sequence. Thus, if the
number of angles is M (where M is a natural number, and 1 <
M < 9), the m-th angle is angle #m (where m is a natural

25 number, and 1 < m £ M), the number of interleave units is N



an angl e presentation control neans 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, resum ng
presentation of a video object froman interleave unit indicated by |inking
information ~ (NT ILVU SA) in the 'stored managenent information (NV). 10.
A di sc reproduci ng appar at us ([XI»_ﬁfpprding to claim9, further conprising
a nmeans for reading presentation seduence information, group information,
and a video object (VOB) froma disc (M, said disc (M conprising a video
obj ect storage area and a managenent information storage area, said
managenent i nformation storage area stores presentation sequence
information indicative of the video object (VOB) presentation sequence, and

- 240 - Su Liyt eet _- I 2 aroup infarmation indicative of what
vi deo obj eg?ﬁ%%/%Bﬁ g%dg\/\ﬂgfag%#e%uﬁ\%t% r %ﬁﬁ 1Y, 118&)’?oﬂﬁc'r‘zﬁpélv?zeeé))@bj ect
VOB) are ofhat gd+ii & LQUR,.. Sai i deo, obj ect (VOB) ,stqrage
grea)store%ﬁgnghgrﬁngﬁgaergggeéggggggg(@6%%\thgg%ai%P%FEﬁ?%ﬁhB%é%ngpsgan

| nteger va(ureob hveson RREGkall deMnell, GEkp (O Asppcighed with a same

group is segnented into v interleave units (ILVU;~) Brem is a

sequent i al inténkeandi uaitveegheace deo aghyiectyzi MReRrl sk & 20568 %Fon‘l to
m and j is a sequential value indicative of an interleave unit (VU and

ranes froamgleo#?, inheriaadei nnétl ¢aye amgilles 43I LAt e 1 8d ¢ 2ABRORY i D 2
sequence | LVU'..1LVIJZ, .. .. ILVU-m~~~ [LVUm .. ILVU 2.. 1LV 2 ...
| LVU~m , ~Z: . | tVIRRILeViM~interlepveUBnit #1, angld Mininterleave unit
ILVU, "~~~ . LW, .. ILVU,, .... ILVU-m,~~ . ILVUn-. said interl eave
units (I LVEE~)aaglestgnintenlerym Hnitdéd obj eots {VOB) in such a manner
that a disc reproduiin% apgarat s is supplied with data sufficient to
sustain f the interleave unit length of each angle is
the shortest read time for seamlessly selected angles where
10 the angle change is seamless, the maximum distance that
must be jumped when moving between angles is the distance
from the first angle interleave unit in the sequence to the
last interleave unit in the interleave unit sequence of the
next angle reproduced within the sequence of angle
15 interleave units reproduced at the same time. Thus, if the
number of angles is An, the jump distance must satisfy the
following equation 7.
max. angle ILVU length x (An - 1) x 2 < jumpable
distance (7]
20 With non-seamless multi-angle switching, each
angle must be seamlessly reproduced, but seamless
reproduction is not required when moving between angles.
Therefore, if the interleave unit length of each angle is

the shortest read time, the maximum distance that must be

25 jumped when moving between angles is the distance between



presentation for a tine t3, where tine t3 is a sumof tinet 1 and a tine
t2, time tl being atinme required to read a bit streamconstituting said
interleave units (ILVU ~) froma disc, and tine t2 being a tinme required
for the disc reproducing apparatus to switch bit stream - 241 -
Substitute Sheet - 3 July 2002 reproduction frominterleave unit (ILVU, ~)
to interleave unit (ILVU ~) to inyﬁﬁﬂgave unit(ILVU, ~+,~), and said

interl eave unit conprises one or nore sub regions (VOBU) to which video
data and managenent information (NV) are stored, and said nanagenent
information (NV) conprises end address information (ILVU EA) indicative of
an end address of the associated interleave unit (ILVU), and |inking
information (NT ILVU SA) indicative of a position on the disc (M of a next

i nter| eave unit (LLVY. L Q bt oty odpgedgier e ibe epdepeshibgg, o
S nt 1 nror

i nf or mati ON-of - an i nteri eave uni conpri's in e franagée tion

Ceoron. bS] g (0N T B VI g TR e et hEey | PR PERRERRASE U7

term nat egghfa it @ssoci ated sub region; wherein the interleave unit end
detecti on neans detects whether presentation of a video object (VOB) has

reached the engh®f amgleterveavengthtxbased-on)endjafgdais Qikeaiid on
(VOBU EA) for a sub region on disc, and a flag (UNIT END flag) indicative
of ;|an end(@f] an interleave unit. 11. A disc reproduci ng apparatus (DCD)
according to claim9, further conprising an angle change acceptance neans
and an angl e changeThenmethodreafisnanhei et naddresseadpngtireasyiteidng
presentation sequence information, group information, and a video_object
(VOB) fromrd tdilevgibetsgan dwslet%m)pge CHEE sfage VOB in multi-angle
scene periods is described below with reference to Figs. 49
and 50. In Fig. 49 the angle interleave unit A-ILVU is the

10 data switching unit, and the address of another angle
interleave unit A-ILVU is written to the navigation pack NV
of each angle interleave unit A-ILVU. Fig. 49 shows the
address description achieving seamless reproduction, i.e.,
uninterrupted reproduction of the audio and video data.

15 This addressing method specifically provides for control
whereby only the data for the interleave units of the angle
to be reproduced is read into the track buffer when the
angle is changed.

Fig. 50 shows an example in which the video

20 object unit VOBU is the data switching unit, and the
address of another video object unit VOBU is written to the
navigation pack NV of each video object unit VOBU. This

addressing method provides for non-seamless reproduction

control whereby reproduction can be changed as quickly as



- 242 - Substitute Sheet - 3 July 2002 a video object storage area and a
managenent i nformation storage area, said nanagenent inforniation storage
area stores presentation sequence information indicative of the video

obj ect (VOB) presentation sequence, and group information indicative of
what video obj ect (VOB) and what other alternatively reproducible video
obj ect (VOB) are associated with the sanme group, said video object (VOB)
storage area stores one or nore vidgg -objects (VOB) where each of m (where
mis an integer value of two or nore) video objects (VOB) associated with a

sanme group is segnented into ~ interleave units (ILVIJ;~), where i is a
sequential value indicative of a video object (VOB) and ranges from1l to m
and j is a sequential value indicative of an interleave unit (I1LVU) and

ranges from1l to v, and said interleave units (ILVU,~) are arranged in a
sequence | - I = " e H +h ~ ' LydZ . ..
VUm ) ZOTHRS PVETothey BhiE peam e Edhe yherd (S Tangidllid

| LVUN, W_~)chahdedl, . . I LVUz,, .... ILVU-m,6~~.. ILW,n~. ~ said interleave
units (ILVU;~) are segnented from mvideo objects (VOB) in such a manner
that a disc reprodughn@ianppangt uadis angi@ i attest Idadatanstf A+ILEOt iho
sustain pr esentation for atinme t3, where tine t3 is a sumof tine tl and
a tine t2,the-tRkdge-mSlbstangile Shsat VOB3BJUMPEXIN2 andreV@B-Dheiegordsi ne
required to read a _bit streamconstituting said interleave units (ILVU ~)
frofn a di 5 Hhe addeess pEi fjeanerite anedd daddeavre Wik AebkWduEPng

apparatus to switch bit streamreproduction frominter]leave unit (ILVU, ~)
be reproduced the address of a chronologically later

A-ILVU. Note that VOB-B is designated angle #1, VOB-C is
angle #2, and VOB-D is angle #3. The multi-angle data
VOB-B consists of angle interleave units A-ILVUb1,

10 A-ILVUb2, and A-ILVUb3. multi-angle data VOB-C similarly
consists of angle interleave units A-ILVUcl, A-ILVUc2, and
A-ILVUc3, and multi-angle data VOB-D of angle interleave
units A-ILvVUdl, A-ILVUd2, and A-ILVUd3.

The navigation pack NV of angle interleave unit

15 A-ILVUbl contains SML_AGL_C#1 DSTA pointing to the relative
address of the next angle interleave unit A-ILVUDb2 in
VOB-B, as shown by line Pblb; SML AGL_C#2_ DSTA pointing to
the relative address of VOB-C angle interleave unit
A-ILVUc2 synchronized to the same (next) angle interleave

20 unit A-ILVUb2 as shown by line Pblc; and SML_AGL_C#3_DSTA
pointing to the relative address of the VOB-D angle
interleave unit A-ILVUd2 as shown by line Pbid.

As shown by lines Pb2b, Pb2c, and Pb2d, the
navigation pack NV of the next angle interleave unit

25 A-ILVUb2 in the same video object VOB-B likewise contains



to interleave unit (ILW~) to interleave unit(lLVU, ~+, ~), and said
interleave unit conprises one or nore sub regions (VOBU) to which video

. data and managenent infornlation (NV) are stored, and said nanagenent
information (NV) conprises end address information (ILVU EA) indicative of
an end address of the associated interleave unit (ILVU), and |inking
information (NT ILVU SA) indicativei9f_a position on the disc (M of a next
interleave unit (ILVU) to be reproduced, said angl e cha~l ge acceptance
means accepts an instruction changing a video object (VOB) to be
alternatively presented, and determ nes a presentation start position for
the alternatively sel ected video obj ect according to the angle-specific
linking information (SM. AG. Ci~-9 DSTA) in the managenent information

(NV), and sai I h o r S rt r nt,ai.i f

specified a?rfg-r‘?\g%-(\?/éﬁye%?%ée%@%b %Lg?' ggo‘% ji'e%tn af (raséﬁni—é& e{@r%%ée'%?
present ati L NG, pesSLti 3 e~¢h e r ion is

recei ved. %‘?ﬁi@?% rgauglﬁ%o%g?r%t gg ?gtriggg(%i gg g?:%orﬂtﬁg% alt{f?tlc aim 4,

conpri si ng shePs18iveSeheesi AIIBVYLISOAORLIOE ST 0 bR I-a3RAiEA. i epsh 1y, t he
sel ected video object, retrieving and storing managenent information (NV)
fromthe repoBvC(fean@byeBtd, re2fdcpiesepting the read video obj ect,
detecting whether presentation of a video object has continued to an end of
an ifiterl eave unit biste thaitnthel raletive addtexkiessre bt mati on (1 LVU
EA) contained in the managenent information (NV), and resum ng vi deo object
present at i ogxpreasadpasi thennunbptatédspgtarsi driony tihe avamitdadhi gINTPagk/U
SA) in the stored nanaaenent i nformation when video object, presentati on has

been conpl N8defothR VHBHr FeBbR1IDRAL 1Bngach3 inkerd®ayuttidn nethod for a
di'sc according to Cl%hgkgbs%%nggéﬂgl fT§¥T§(¥;itten 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#1l_DSTA pointing to the
relative address of the same (next) angle interleave unit
A-ILVUb2 in VOB-B, as shown by line Pclb; and
15 SML_AGL_C#3_DSTA pointing to the relative address of the
VOB-D angle interleave unit A-ILVUd2 as shown by line Pcild.
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.



selecting a video object to be presented, reading the selected video
object, retrieving and storing nmanagenent information (NV) fromthe read
vi deo obj ect, presenting the read video object, detecting whether
presentation of a video obj ect 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 regj?§79n disc, and a flag (UNIT END fl ag)
i ndi cative of an end of an interleave unit, contained in the managenent
information (NV), and resum ng video object presentation froma position
indicated by a linking information (NT ILVU SA) in the held managenent

i nformati on when video obj ect presentation has been conpleted to an
interl eave unit end. - 245 14. A reproduction nethod for a disc

according to claim g?ggs %Esnghgggiﬁggﬁgd%%#§%gﬁa§3 éz\%é$%§€£.eCt to

be read and present readi ng e “selec €0 object, and

storing t a4 ] f a kdeQ ekieGt .5, presenting
B A R R

the read vi t, er presentation of a video object has

conti nuedigpah, ende Of &L, i AEET ELAVESTRI boRABEHAGOR o R AGWIGRS Jdf Or mat i on
(ILVU EA) indicative of aninterle€ave unit end address contained in the

nanagenentaddee$ed £ Othé NYaxt r £5¢le ninvéef2ea0bj aalitpnegevuaty am fraevm
position indicated by a linking information (NT ILVU SA) in the held

marjagenentas réloswemt bynl ihenPdidgeosib] 26L_p#esSPBTAt pointdnghamn tiapl eted to
an interleave unit end, accepting an instruction for selecting a video
obj ect (VeBlabive addeesatofetie psaveninaxtietboiieniimgea Yeeomentrditt on
start position for the alternatively selected video object according to the
angl es- sp@ei¥LEUR2 nidk n{OB N8 or M@t FRPWVDE KX AdnexPddbpsemd

SML_AGL_C#2_DSTA pointing to the relative address of VOB-C

angle interleave unit A-ILVUc2 as shown by line Pdlc.

10 As shown by lines Pd2d4, 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



in the managenent information (NV) when a video object change instruction
is accepted, and starting presentation of the alternatively selected video
object froma determ ned presentation starting position when an angle
change instruction is received.
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5 the relative addresses NSML_AGL_C#2_ DSTA and
NSML _AGL _C#3_DSTA of the synchronized VOBUc2 and VOBUAQ2.
The navigation pack NV of video object unit VOBUbL3
similarly contains as shown by lines Pb3c’ and Pb3d’ the
relative addresses NSML AGL C#2_DSTA and NSML _AGL C#3_DSTA
10 of the synchronized VOBUc3 and VOBUd3.
The navigation packs NV of video object units
VOBUcl, VOBUc2, and VOBUc3 of VOB-C similarly contain the
relative addresses NSML_AGL C#1_DSTA and NSML_AGL C#3_DSTA
of the respectively synchronized VOBU as shown by lines
15 Pclb’, Pcld’, Pc2b’, Pc2d’, Pc3b’, and Pc3d’.
The navigation packs NV of video object units
VOBUdl, 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’, Pdlc’, Pd2b’, Pd2c’, Pd3b’, and Pd3c’.
The angle selection address information
NSML_AGL_C#4 DSTA to NSML_AGL C#9 DSTA for non-existent

angles #4 - #9 in this example record a value indicating

that corresponding angles do not exist, e.g., a 0 value.
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10 ()0, slovie () Por iy Es i i 150 B Fa Rt R Ehik aata
109& () - +10¢8; 6t urel O%ie( bvd( AR de) -intkrGudbts frdpXd®iction of the
angle VOBU data currently being reproduced when the angle
is changed, then reads and begins reproducing the VOBU data
5 for the selected angle.

Note that while there appears to be a time offset
between the interleaved units of VOB-C relative to VOB-B
and VOB-D in Fig. 50, this is merely to facilitate easier
understanding of the address descriptions written to the

10 respective navigation packs NV of each VOB using the line
arrows as shown. There is, in fact, no time shifting
between the respective interleaved video objects VOB, which
are aligned as shown in Fig. 49.

The data structure shown in Fig. 50 thus contains

15 as pointers to the next VOBU to be reproduced addresses to
another VOBU that should normally be reproduced either
simultaneously with or chronologically before the VOBU
containing the address information. Therefore, when the
angle is changed, reproduction is continued from a scene at

20 a past point in time. This method of encoding the address
information is thus preferable when seamless angle
switching not required, i.e., for non-seamless information
reproduction in which contiguity is not required in the
reproduced information.

25 Flow chart: encoder
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encoding system controller 200 from information extracted
from the scenario data St7 is described below referring to
Fig. 27.

5 The encoding information table contains VOB set
data streams containing plural VOB corresponding to the
scene pericds beginning and ending at the scene branching
and connecting points, and VOB data streams corresponding
to each scene. ‘These VOB set data streams shown in Fig. 27

10 are the encoding information tables generated at step #100
in Fig. 51 by the encoding system controller 200 for
creating the DVD multimedia stream based on the
user-defined title content.

The user-defined scenario contains branching

15 points from common scenes to. plural scenes, or connection
points to other common scenes. The VOB corresponding to
the scene period delimited by these branching and
connecting points is a VOB set, and the data generated to
encode a VOB set is the VOB set data stream. The title

20 nunber specified by the VOB set data stream is the title
number TITLE_NO of the VOB set data stream.
The VOB Set data structure in Fig. 27 shows the
data content for encoding one VOB set in the VOB set data
stream, and comprises: the VOB set number VOBS_NO, the VOB

25 number VOB _NO in the VOB set, the preceding VOB seamless
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connection flag VOB _Fsf, the multi-scene flag VOB_Fp, the
interleave flag VOB_Fi, the multi-angle flag VOB_Fm, the
multi-angle seamless switching flag VOB_FsV, the maximum
bit rate of the interleaved VOB ILV_BR, the number of
interleaved VOB divisions ILV_DIV, and the minimum
interleaved unit presentation time ILVU_MT.

The VOB set number VOBS NO is a sequential number
identifying the VOB set and the position of the VOB set in
the reproduction sequence of the title scenario.

The VOB number VOB _NO is a sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The preceding VOB seamless connection flag
VOB_Fsb indicates whether a seamless connection with the
preceding VOB is required for scenario reproduction.

The following VOB seamless connection flag
VOB_Fsf indicates whether there is a seamless connection
with the following VOB during scenario reproduction.

The multi-scene flag VOB_Fp identifies whether
the VOB set comprises plural video objects VOB.

The interleave flag VOB_Fi identifies whether the
VOB in the VOB set are interleaved.

The multi-angle flag VOB_Fm identifies whether

the VOB set is a multi-angle set.

&
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identifies whether angle changes within the multi-angle
scene period are seamless or not.

The maximum bit rate of the interleaved VOB

5 ILV_BR defines the maximum bit rate of the interleaved
VOBs.

The number of interleaved VOB divisions ILV_DIV
identifies the number of interleave units in the
interleaved VOB.

10 The minimum interleave unit presentation time
ILVU MT defines the time that can be reproduced when the
bit rate of the smallest interleave unit at which a track
buffer data underflow state does not occur is the maximum
bit rate of the interleaved VOB ILV_BR during interleaved

15 block reproduction.

The encoding information table for each VOB
generated by the encoding system controller 200 based on
the scenario data St7 is described below referring to Fig.
28. The VOB encoding parameters described below and

20 supplied to the video encoder 300, audio encoder 700, and
system encoder 900 for stream encoding are produced based
on this encoding information table.

The VOB data streams shown in Fig. 28 are the
encoding information tables generated at step #100 in Fig.

25 51 by the encoding system controller 200 for creating the
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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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(so-called telecine conversion).

The video encoding bit rate V_BR is the bit rate
at which the video signal is encoded.

5 The audio material start time VOB_AST is the
audio encoding start time corresponding to the time of the
audio signal.

The audio material end time VOB_AEND is the audio
encoding end time corresponding to the time of the audio

10 signal.

The audio coding method VOB_A KIND identifies the
audio encoding method as AC-3, MPEG, or linear PCM, for
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 sequential number
identifying the VOB and the position of the VOB in the
reproduction sequence of the title scenario.

The video encode start time V_STTM is the start

10 time of video material encoding.

The video encode end time V_ENDTM is the end time
of video material encoding.

The video encode mode V_ENCMD is an encoding mode
for declaring whether reverse telecine conversion shall be

15 accomplished during video encoding to enable efficient
coding when the video material is telecine converted
material.

The video encode bit rate V_RATE is the average
bit rate of video encoding.

20 The maximum video encode bit rate V_MRATE is the
maximum bit rate of video encoding.

The GOP structure fixing flag GOP_Fxflag
specifies whether encoding is accomplished without changing

the GOP structure in the middle of the video encoding
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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 Stl, 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 quality, and the track buffer
capacity, jump performance, jump time, and jump distance of

15 the DVD decoder DCD used as the reproduction apparatus of
the DVD encoded data must be determined. Based on these
values, the reproduction time of the shortest interleaved
unit is obtained from equations 3 and 4. Based on the
reproduction time of each scene in the multi-scene period,

20 it must then be determined whether equations 5 and 6 are
satisfied. If equations 5 and 6 are not satisfied, the
user must change the edit commands until equations 5 and 6
are satisfied by, for example, connecting part of the

following scene to each scene in the multi-scene period.
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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 seamlessly connecting the target scene with any one of the
scenes contained in the preceding multi-scene period. When
the target scene is a multi-scene period, a seamless
connection still refers to 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
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
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
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, 1f step #600 returns YES, i.e., there is
a seamless connection to the following scene, the procedure
moves to step #800.

At step #800 the encoding system controller 200
sets the following VOB seamless connection flag VOB_Fsf.
The procedure then moves to step #900.

At step #900 the encoding system controller 200

determines whether there is more than connection target

I'TY
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scene, i.e., whether a multi-scene period is selected,
based on the scenario data St7. As previously described,
there are two possible control methods in multi-scene
periods: parental lock control whereby only one of plural

5 possible reproduction paths that can be constructed from
the scenes in the multi-scene period is reproduced, and
multi-angle control whereby the reproduction path can be
switched within the multi-scene period to present different
viewing angles.

10 If step #900 returns NO, i.e., there are not
multiple scenes, the procedure moves to step #1000.

At step #1000 the multi-scene flag VOB_Fp
identifying whether the VOB set comprises plural video
objects VOB (a multi-scene period is selected) is reset,

15 and the procedure moves to step #1800 for encode parameter
production. This encode parameter production subroutine is
described below.

However, if step #900 returns YES, there is a
multi-scene connection, the procedure moves to step #1100.

20 At step #1100, the multi-scene flag VOB Fp is
set, and the procedure moves to step #1200 whereat it is
judged whether a multi-angle connection is selected, or
not.

At step #1200 it is determined whether a change

25 is made between plural scenes in the multi-scene period,
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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 or following
VOB seamless connection flag VOB_Fsf is set. If step #1302
returns YES, i.e., the target connection scene seamlessly
connects to the preceding, the following, or both the

15 preceding and following 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 data units shown in Fig. 29
are produced, in step #1800. The procedure then moves to
step #1900 for audio and video encoding.

The encode parameter production steps (step

15 #1800) are described in greater detail below referring to
Figs. 52, 53, 54, and 55.

Based on the encode parameters produced in step
#1800, the video data and audio data are encoded in step
#1900, and the procedure moves to step #2000.

20 Note that the sub-picture data is normally
inserted during video reproduction on an as-needed basis,
and contiguity with the preceding and following scenes is
therefore not usually necessary. Moreover, the sub-picture
data is normally video information for one frame, and

25 unlike audio and video data having an extended time-base,
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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 VTS_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#1i)
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 VTSI_MAT, VTSPGC information table
VTS_PGCIT, and the program chain information VTS_PGCI#i
controlling the VOB data reproduction sequence shown in
Fig. 16 are produced, and formatting to, for example,
interleave the VOB contained in the multi-scene periods, is
10 accomplished. The specific steps executed in this
formatting operation are described below with reference to
Figs. 56, 57, 58, 59, and 60.

The encode parameter production subroutine shown

as step #1800 in Fig. 51B is described next using Figs. 52,
15 53, and 54 using by way of example the operation generating
the encode parameters for multi-angle control.

Starting from Fig. 52, the process for generating
the encode parameters of a non-seamless switching stream
with multi-angle control is described first. This stream

20 is generated when step #1500 in Fig. 51 returns NO and the
following flags are set as shown: VOB_Fsb = 1 or VOB_Fsf =
l, 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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At step #1812, the scenario reproduction sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS_NO is set, and the VOB number VOB _NO is
set for one or more VOB in the VOB Set.

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 wvalues 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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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 video encode end time
20 V_ENDTM and the audio encode end time A_ENDTM is defined as
a system encode parameter.
At step #1832 the video encoding bit rate V_BR is
extracted from the scenario data St7, and the video encode
bit rate V_RATE, which is the average bit rate of video

25 encoding, is set as a video encoding parameter.



ldE~_ @!!3y 10%4& ()-s10%H&' ()-10%4&' ()-3L- 10%H&' () - 3L-
109&' ()-L"10%4& ()-!M!11"S"dE~ @!! F+
109%4&' () -) 10%4& ()-3' 10%4& () - & $10%4&' ()-F&$ 10%4&' ()-3Y"
10944&' () - S" " ######+$~ @'Y @O0% & ()-  @0% & ()- 10H 10H
10H83" 109448 () - F1! 10%4&' ()-! Y - %40%H&' () - +$f $$$SYRIE~ @
11 &MB10% &' ()- Y 109%& ()-t110% & ()--1820% & () -|
10% & ()-1 @' 10% & () - &+&[ &8& A dE~ @!'!
(109 & ()-9S&$10% & ()-1s$10% & ()-1" 10% & () -
10% & ()-110%& ()-At'"' (D(~(dE~_@!!93 -
109 & ()-Y1s10% & ()-9/$10% & ()--310% & ()-+10% & ()-1*10% & ()-~((((((()8
)bC 11 10%g& ()-L@0%& ()- 10" 10"
10" 98%4.0% & () - 610%n% (Stehpl e 4 )18 AV )b *eidehitng! Bit rate A _BR is
10%g9& ()-" & 10%& ()-g#10%& ()- 310%& ()- 10%& () -
& 10%g& () extrattedaBiyon thel GUpfia)io ARt ) -asl 1thggandio énegde() -
109%9& () -s10%g& gc) -+Z,,,-,-b-aBbC '1210%& ()-F 110%& ()- @
109%g& () - sbitogate) A+RAFHg&S( Fetnag RIweRU e (§nerding parapeper.
113810968 ()-& 1096& ()- 10g, 10 _ ,
10gy8$10%g&' () - 6- 10@@1&'5(§elhrﬁ]cﬁ)»gﬁ&' e jvideo vpa¥erpel type VOB_V_KIND

iggéé????gﬁ%}%%%%gé %é(%iéﬁ?@%%&s ernr o dded 0PE (12 ine 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 parameter.

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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F_VOB_NO based on the setting (= 1) of the following VOB
seamless connection flag VOB_Fsf, and set as a system
encode parameter.
The encoding information table and encode
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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encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).
At step #1854, the minimum interleaved unit
presentation time ILVU _MT is extracted from the scenario

5 data St7.

At step #1856, the video encode GOP structure
GOPST values N = 15 and M = 3 are set, and the GOP
structure fixing flag GOP_Fxflag is set (= 1), 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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eFezeeeeee®aGowlvith reference to Fig. 61. This stream is generated
when step #900 in Fig. 51 returns NO, i.e., when VOB_Fp=0.
The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode

5 parameters shown in Fig. 29.

At step #1880, the scenario reproduction sequence
(path) contained in the scenario data St7 is extracted, the
VOB Set number VOBS NO is set, and the VOB number VOB_NO is
set for one or more VOB in the VOB Set.

10 At step #1882 the maximum bit rate ILV_BR of the
interleaved VOB is extracted from the scenario data St7,
and the maximum video encode bit rate V_MRATE from the
encode parameters is set based on the interleave flag
VOB_Fi setting (= 1).

15 Step #1884 is the common VOB data setting
routine, which is as described referring to the flow chart
in Fig. 52. Further description thereof is thus omitted
here.

These flow charts for defining the encoding

20 information table and encode parameters thus generate the
parameters for DVD video, audio, and system stream encoding
by the DVD formatter.

Formatter flows

The operation of the subroutine executed by the

25 DVD formatter shown as step #2300 in Fig., 51B is described
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next with reference to Figs. 56, 57, 58, 59, and 60. This
formatter subroutine generates the DVD multimedia
bitstream.

The operation of the DVD encoder ECD 1100

5 according to the present invention is described with
reference to the flow chart in Fig. 56. Note that those
steps shown in Fig. 56 with a double line are subroutines.

At step #2310 the program chain information
VTS_PGCI is set to the VTSI management table VTSI_MAT for

10 the number of titles TITLE NUM Eased on the number of
titles TITLE_NUM in the VOB Set data stream.

At step #2312 it is determined whether
multi-scene selection control is enabled based on the
multi-scene flag VOB_Fp in the VOB Set data stream. If

15 step #2312 returns NO, i.e., multi-scene control is not
enabled, the procedure moves to step #2114.

At step #2314 the operation for coding a single
scene (VOB) executed by the formatter 1100 of the authoring
encoder EC shown in Fig. 25 is accomplished. This routine

20 is described later.

If step #2312 returns YES, i.e., multi-scene
control is enabled, the procedure moves to step #2116.

At step #2316 it is determined whether the
information is to be interleaved or not based on the

25 interleave flag VOB_Fi state in the VOB Set data stream.
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YNC 10! Ifl@tep #2316 returns NO, i.e., the information is not to
be interleaved, the procedure moves to step #2314. 1If step
#2316 returns YES, i.e., the information is to be
interleaved, the procedure moves to step #2318.
5 At step #2318 it is determined whether
multi-angle control is to be implemented based on the
multi-angle flag VOB_Fm in the VOB Set data stream. If
step #2318 returns NO, the parental lock control routine in
step #2320 is executed. If step #2318 returns YES, the
10 procedure moves to step #2322.
At step #2320 the operation for formatting the
VOB Set for parental lock control is executed. This
subroutine is shown in Fig. 59 and described below.
At step #2322 it is determined whether
15 multi~angle seamless switching is 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 determined whether all VOB
Sets declared by the VOB Set number VOBS NUM have been
processed by the formatter. If NO, control loops back to
step #2312, and the process runs again. If YES, all sets
15 have been formatted, the procedure terminates.
Referring to Fig. 57, the multi-angle
non-seamless switching control routine executed in step
#2326 when step #2322, Fig. 56, returns NO is described.
This routine defines the interleaved arrangement of the
20 multimedia bitstream MBS, the content of the cell playback
information (C_PBI#i) shown in Fig. 16, and the information
stored to the navigation pack NV shown in Fig. 20, in the
generated DVD multimedia bitstream MBS.
At step #2340 based on the multi-angle flag

25 VOB_Fm setting (= 1) declaring whether multi-angle control
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is applied in the nmulti-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 0lb 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 #i containing the VOB control information for each scene is
declared as 01b 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_sSA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors. from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last
VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)

20 data obtained in step #2352.

The angle #i VOBU start address NSML_AGL_C1 DSTA
- NSML_AGL_C9 DSTA of the non-seamless angle information
NSML_AGLI (Fig. 20) in the navigation pack NV of each VOBU
is written at step #2358. This address is expressed as the

25 relative sector number inside the data of the interleaved
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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
#1 VOBU start address NSML_AGL_Cl DSTA - NSML _AGL_C9 DSTA
of the non-seamless angle information NSML_AGLI (Fig. 20)
in the navigation pack NV of each VOBU if the VOBU being
processed is the last VOBU of each scene in the multi-scene
10 period.

This routine thus formats the interleaved blocks
for multi-angle non-seamless switching control in the
multi-scene period, and formats the cell control
information as the reproduction control information for

15 those multiple scenes.

Referring to Fig. 58, the multi-angle 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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éclared 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 0Olb 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 1l1lb 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 0l1lb 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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(Fig. 16) is set to 1 in the cell playback information

5 blocks C_PBI #i containing the VOB control information for
each scene based on the multi-angle seamless switching flag
VOB_FsV state, which is set to 1 to indicate interleaving
is required.

At step #2380 the location of the navigation pack

10 NV (relative sector number from the VOB beginning) is
detected from the title editing unit (VOB below) obtained
from the system encoder 900 in Fig. 25, the navigation pack
NV is detected based on the minimum interleaved unit
presentation time ILVU MT information (a formatter

15 parameter obtained in step #1854, Fig. 53), the location of
the VOBU expressed as the number of sectors from the VOB
beginning, for example, is thus obtained, and the title
editing unit VOB is divided into interleave units using
VOBU units.

20 For example, if in this example the minimum
interleaved unit presentation time ILVU MT is 2 sec and the
presentation time of one VOBU is 0.5 sec., then the VOB is
divided into interleave units of 4 VOBU each. Note that
this allocation operatiop is applied to the VOB

25 constituting each multi-scene data unit.
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#W7zX90\ =Id i rdliNed & f9m 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 (VISTT _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 #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.



| AGTRA0% " & () - ! <E&mPAOYE ()- !-SSYAOUKKE ()-F ! sSYA0% ()-F

Ps! 109 & () - 7Tb@BCKzodY: ! 1 y10% & ()- 10 10

109" 39409 ()-s! T@® 3940% =. =& ()-s! "&F(9%409B{8{& ()-3 ! P&F(9%40% "*" & ()-3
Kamvur2dY: |1 &109%.& () - n! F&L09%\ 2\ & ()-n3!10% & () - L9409B& () - o! LYL0Y& () - o.
110% & ()-uR >0z[<1:! 10\ &9Y10% & ()-F7s10% & ()-!c(%d0%M\ W & () -

| Y(9%40%me ()- F-&L0% ()--! PXF- &10%6\-d\ & ()--NsgF:! 10\ <s%d 0% & () -

FI 8s94.09& ()- $109& ()-T!$1096S& () - TLOY () 10\ 10\sGx}[<1:!

10| s1&10% & () - S! Tsl&lO%&' () S &&109% & ()-3 I N &&10& () -

$10%&' () -! <sYL0%&' () - | gH; !

10| sM1 109 & () - Y409 () g! 8594.0%& () - g! SYA0% " & ()-9109% & ()- 10| 10|

LT\ 28 #Z XOH; |

10&310% & () - ! " &$10%B B ab(Ve AEIHG "sknt HINELS (3mt, KEERAO DY €) -

I F&ZY40% & ()- ~ ###$YR Y DAYBY " SH=!
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
#1 VOBU start address SML_AGL Cl_DSTA - SML_AGL_C9 DSTA of
the seamless angle information SML_AGLI (Fig. 20) in the
navigation pack NV of the VOBU contained in the interleaved
unit if the interleave unit 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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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
#1 (cell playback information) shown in Fig. 16, and the
navigation pack NV information shown in Fig. 20, to the
generated DVD multimedia bitstream.
At step #2402 a value "00b" is written to the
10 cell block mode CBM (Fig. 16) of the cell playback
information blocks C_PBI #i containing the VOB control
information for each scene based on the multi-angle flag
VOB_Fm state, which is set to 0 to indicate that
multi-angle control is not enabled in the multi-scene
15 period.
At step #2404 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks C_PBI #i containing the VOB control information for
each scene based on the preceding VOB seamless connection
20 flag VOB_Fsb state, which is set to 1 to indicate a
seamless connection.
At step #2406 the STC resetting flag STCDF is set
to 1 in the cell playback information blocks C_PBI #i

containing the VOB control information for each scene based
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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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5 At step #2416 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of
the VTS title VOBS (VTSTT_VOBS) are written as the
addresses of the navigation packs NV of the first and last

10 VOBU in each cell based on the VTS title VOBS (VTSTT_VOBS)
data obtained in step #2412.

At step #2418 the relative sector number to the
last interleave unit pack is written to the ILVU end pack
address ILVU _EA in the navigation pack NV of the VOBU

15 forming the interleaved units based on the interleaved unit
data obtained from step #2412.

At step #2420, the relative sector number in the
interleaved block data formed in step #2412 is written to
the next-ILVU start address NT_ILVU_SA as the position

20 information of the next ILVU in the navigation packs NV of
the VOBU contained in the interleaved unit ILVU.

At step #2422 the interleaved unit flag ILVU flag
is set to 1 in the navigation packs NV of the VOBU

contained in the interleaved unit ILVU.
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At step #2426 "FFFFFFFFh" is written to the
5 next-ILVU start address NT_ILVU _SA of the navigation pack
NV of the VOBU in the last interleaved unit ILVU of each
VOB.

The operation described above thus formats the

interleaved blocks to enable parental lock control in the

10 multi-scene periods, and formats the control information in
the cells, i.e., the cell playback control information for
the multi-scene periods.

The single scene subroutine executed as step
#2314 ~-in Fig. 56 when steps #2312 or #2316 return NO, i.e.

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 multimedi®& bitstreamn.

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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on the multi-scene flag VOB_Fp state, which is set to 0 to
indicate that the scene is a single scene and not part of a
5 multi-scene period.

At step #2432 the interleaved allocation flag IAF
(Fig. 16) is set to 0 in the cell playback information
blocks C_PBI #i containing the VOB control information for
each scene based on the multi-angle seamless switching flag

10 VOB_FsV state, which is set to 0 to indicate interleaving
is not required.

At step #2434 the navigation pack NV position
information (the relative sector number from the VOB start)
is detected from the title editing unit (VOB) obtained from

15 the system encoder 900 (Fig. 25), placed in the VOBU unit,
and added to the VTS title VOBS (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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based on the VTS title VOBS (VTSTT_VOBS) data obtained in
step #2434.

5 At step #2440 the state determined as a result of
step #300 or #600 in Fig. 51, i.e., whether preceding VOB
seamless connection flag VOB_Fsb is set to 1 indicating a
seamless connection to the preceding or following scenes,
is evaluated. If step #2440 returns YES, the procedure

10 moves to step #2442.

At step #2442 the seamless playback flag SPF
(Fig. 16) is set to 1 in the cell playback information
blocks € 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_buffer.

The angle number ANGLE NO_reg stores which angle
is reproduced when there are multiple angles in the
reproduction program chain PGC.

20 The VTS number VTS_NO reg records the number of
the next VTS reproduced from among the plural VTS on the
disk.

The PGC number VTS_PGCI_NO_reg records which of

the plural program chains PGC present in the video title
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The audio ID AUDIO_ID_req records which of the
plural audio streams in the VTS are to be reproduced.
5 The sub-picture ID SP_ID reg records which of the
plural sub-picture streams is to be reproduced when there
are plural sub-picture streams in the VTS.
The system clock reference SCR buffer SCR_buffer
is the buffer for temporarily storing the system clock
10 reference SCR recorded to the pack header as shown in Fig.
19. As described using Fig. 26, this temporarily stored
system clock reference SCR is output to the decoding system
controller 2300 as the bitstream control data Ste63.
The cell information register contains the
15 following sub-registers: the cell block mode CBM reg, cell
block type CBT_reg, seamless reproduction flag SPF_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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and BLOCK is stored as the CBM_reg of value all cells
between the first and last cells in the block.

5 The cell block type CBT _reg stores a value
defining the type of the block indicated by the cell block
mode CBM_reg. If the cell block is a multi-angle block,

A BLOCK is stored; if not, N_BLOCK is stored.
The seamless reproduction flag SPF_reg stores a

10 value defining whether that cell is seamless connected with
the cell or cell block reproduced therebefore. If a
seamless connection is spec}fied, SML is stored; if a
seamless connection is not specified, NSML is stored.

The interleaved allocation flag IAF _reg stores a

15 value identifying whether the cell exists in a contiguous
or interleaved block. If the cell is part of a an
interleaved block, ILVB is stored; otherwise N_ILVB is
stored.

The STC resetting flag STCDF defines whether the

20 system time clock STC used for synchronization must be
reset when the cell is reproduced; when resetting the
system time clock STC is necessary, STC_RESET is stored; if
resetting is not necessary, STC_NRESET is stored.

The seamless angle change flag SACF_reqg stores a

25 value indicating whether a cell in a multi-angle period
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The first cell VOBU start address C_FVOBU_SA_reg

5 stores the VOBU start address of the first cell in a block.
The value of this address is expressed as the distance from
the logic sector of the first cell in the VTS title VOBS
(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_Cl_DSTA_reg - NSML_AGL_C9 DSTA reg.
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NSML_AGL Cl_DSTA_reg - NSML AGL C9_DSTA reg
record the NMSL AGL Cl DSTA - NMSL_AGL_C9 DSTA values in
the PCI packet shown in Fig. 20.
The information registers for seamless
5 multi-angle control comprise sub-registers
SML_AGL_Cl1 DSTA_reg - SML_AGL_C9 DSTA reg.
SML_AGL_C1_DSTA reg - SML_AGL _C9 DSTA_reg record
the SML_AGL Cl1 DSTA - SML_AGL_C9 DSTA values in the DSI
packet shown in Fig. 20.
10 The VOBU information register stores the end pack
address VOBU_EA in the DSI packet shown in Fig. 20.
The information registers for seamless
reproduction comprise the following sub-registers: an
interleaved unit flag ILVU_flag_reg, Unit END flag
15 UNIT_END flag reg, Interleaved Unit End Address
ILVU_EA req, 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_ PTM1l_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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The interleaved unit flag ILVU_flag reg stores
the value indicating whether the video object unit VOBU is
in an interleaved block, and stores ILVU if it is, and
N_ILVU if not.

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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The audio reproduction stopping time 1
5 VOB_A STP_PTM1l_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_LEN1 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 ope;ation 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.



K %0%\ \& ()- ! Y7"%0%mdnd& ()- !.yo%d0vB\ B\ & ()-3 ! $Ty%d0%8h8h& ()- 3
fog-h-p--—.H .\ #10%& ()-1 100& ()-1

ML0%: () -1 @O% ()-s@0% ()- 10%& ()- 10\ 10\...a///HOdENMN #10%

| 10% () - 10% ()-L$10% ()-! 10%& ()-110% () - 10%& () - HO0000. 1i 1dEMN
#10% ! 109%&' () - +

109 () - &* @O%' () - F( YL0%&' () - Lf & $1Q%&-() - $I 109%&' ()-i 112222222xmbC
#10%8s10%4& ()- 10 10 10" 810% () -

11 109 ()- 1! 109’ ()- L/ $10% () - 233H3334dEnbC #10% L! 10% () - LLO%H& () -
| 10%4&' () - SF10%H& ()- y1l0%4& ()- 9! 10%4& () - 444% 555dEMDC

#109R10%48' () - FSNLO%HE () - 3" 9! 10948 ()- 3  10%& ()-s

10%4& () - @LO%H () - 5506k6666dENDC

#10%d GLO%H& () -/ 10%&at) skepl G¥820)- khe! 8UWds BitiD*set menu

10944&' () - Y(10%4& () -647nv777777bC #10% s109&' ()- 10%& ()- 10H 10H 10HY
710%4& () - YSFra%8ss) i 5s88a&HEr 6h- YTRYBAE8RABAE#A1@Y the video title
109 ()-109%& ()-109%& ()-!'10%& ()-1 10%& ()-1 @10%& ()-9@09998: Y: dEbC
#10% 109 ()set 106®h (2ddres8 Lhfor$adi@n( VISM_COPRT() andlGXe (Yitde: 7; o;
; ; dEbC #10%./ n?d0%& ()--!10%& ()-+

10%&' () - F(109%1egtiomrugnuRis) PEEEREEH. : <<<<<<<0=bC #10%Bf

10% & ()-s10% & ()-Ss10%n & ()- .10 . .

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 VITSPGC 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 decoding process ends. If a separate title
is thereafter to be reproduced as determined by monitoring

20 key entry to the scenario selector, the title menu is
presented again (step #310210).

Program chain reproduction in step #310216 above
is described in further detail below referring to Fig. 64.

The program chain PGC reproduction routine consists of

25 steps #31030, #31032, #31034, and #31035 as shown.
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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_reg,
seamless reproduction flag SPF reg, interleaved allocation
flag IAF reqg, 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_redg.
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
puffer (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 1is 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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At step #31044 the non-multi-angle cell decoding
5 process is executed.
However, if step #30140 returns YES because the
cell is a multi-angle cell, the procedure moves to step
#30142 where the seamless angle change flag SACF is
evaluated to determine whether seamless angle reproduction
10 is specified.
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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where seamless connections are specified in, for example, a
multi-scene period.

5 However, if the cell is not in an interleaved
block, the non-multi-angle contiguous block process is
executed in step #31054. Note that the step #31054 process
is the process executed when there is no scene branching or
connection.

10 The non-multi-angle interleaved block process
(step #31052, Fig. 71) is described further below with
reference to Fig. 72.

At step #31060 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the

15 C_FVOBU_SA_reg register.

More specifically, the address data
C_FVOBU_SA_reg stored in the decoding system controller
2300 (Fig. 26) is input as bitstream reproduction control
signal St53 to the reproduction controller 2002. The

20 reproduction controller 2002 thus controls the recording
media drive unit 2004 and signal processor 2008 to move the
reading head 2006 to the specified address, data is read,
error correction code ECC and other signal processing is
accomplished by the signal processor 2008, and the cell

25 start VOBU data is output as the reproduced bitstream Sté61l
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At step #31062 the DSI packet data in the

navigation pack NV (Fig. 20) is extracted in the streanm

5 buffer 2400, the decoding table ig defined, and the
procedure moves to step #31064. The registers set in the
decoding table are the ILVU_EA reg, NT_ILVU_SA reg,
VOB_V_SPTM reg, VOB_V_EPTM reg, VOB_A_STP_PTM1 regq,
VOB_A_STP_PTM2 regq, VOB_A_ GAP_LEN1 req, and

10 VOB_A_GAP_LEN2 regq.

At step #31064 the data from the first cell VOBU
start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for one interleaved unit ILvu,
is transferred to the stream buffer 2400. The procedure

15 then moves to step #31066.

More specifically, the address data ILVU _EA req
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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for one contiguous interleaved unit ILVU on the recording

medium M to the stream buffer 2400.
At step #31066 it is determined whether all
interleaved units in the interleaved block have been read
5 and transferred. If the interleaved unit ILVU processed is
the last ILVU in the interleaved block, "Ox7FFFFFFF"
indicating termination is set to the next-ILVU start
address NT_ILVU_SA reg as the next read address. If all
interleaved units in the interleaved block have thus been
10 processed, the procedure moves to step #31068.

At step #31068 the reading head 2006 is again
jumped to the address NT_ILVU SA reg of the next interleave
unit to be reproduced, and the procedure loops back to step
#31062. Note that this jump is also accomplished as

15 described above, and the loop from step #31062 to step
#31068 is repeated.

However, if step #31066 returns YES, i.e., all
interleaved unit ILVU in the interleaved block have been
transferred, step #31052 terminates.

20 The non-multi-angle interleaved block process
(step #31052) thus transfers the data of one cell to the
stream buffer 2400.

The non-multi-angle contiguous block process is

executed in step #31054, Fig. 71, is described further

25 below with reference to Fig. 73.
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At step #31070 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU_SA reg register. This jump is also accomplished as
described above, and the loop from step #31072 to step

5 #31076 is initiated.

At step #31072 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
buffer 2400, the decoding table is defined, and the
procedure moves to step #31074. The registers set in the

10 decoding table are the VOBU_EA reg, VOB_V_SPTM req,
VOB_V_EPTM reg, VOB_A STP_PTM1_reg, VOB A STP PTM2 reg,
VOB_A_GAP_ LEN1 reg, and VOB_A GAP_LEN2 redg.

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, 1f all VOBU data in the cell has been

25 transferred as determined by the C_LVOBU_SA reg value in
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step #31076, the non-multi-angle contiguous block process
(step #31054) terminates. This process thus transfers the
data of one cell to the stream buffer 2400.

Another method of accomplishing the

5 non-multi-angle cell decoding process (step #31044, Fig.
70) is described below with reference to Fig. 74.

At step #31080 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA reg, and the
first VOBU data in the cell is transferred to the stream

10 buffer 2400. The procedure then moves to step #31081.

At step #31081 the DSI packet data in the
navigation pack NV (Fig. 20) is extracted in the stream
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 req,
ILVU_flag_reg, UNIT_END flag_reg, ILVU_EA req,

NT _ILVU_SA reg, VOB_V_SPTM reg, VOB_V_EPTM req,
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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VOBU data has been transferred. If it has, the process
(step #31044) terminates. If it has not, the procedure
moves to step #31084.

5 At step #31084 it is determined whether the VOBU
is the last VOBU in the interleaved unit. If not, the
process loops back to step #31081. If so, the procedure
advances to step #31085. It is thus possible to transfer
one cell of data in VOBU units to the stream buffer 2400.

10 The loop from step #31081 to step #31084 repeats
as described above.

At step #31085 it is determined whether the
interleaved unit ILVU is the last in the interleaved block.
If so, step #31044 terminates. If not, the procedure

15 advances to step #31086.

At step #31086 the reading head 2006 is jumped to
the address NT_ILVU_SA reg of the next interleave unit, and
the procedure loops back to step #31081. It is thus
possible to transfer the data for one cell to the stream

20 buffer 2400.

The seamless multi-angle decoding process
executed in step #30146, Fig. 70, is described below
referring to Fig. 75.

At step #31090 the reading head 2006 is jumped to

25 the first cell VOBU start address C_FVOBU_SA read from the
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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 req,
VOB A _STP_PTM1 reg, VOB_A STP_PTM2_ reg, VOB_A_GAP_LEﬁ 1_regq,
and VOB_A GAP_LEN2_reg.

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_reg, i.e., the data for one ILVU, is transferred to
the stream buffer 2400. The procedure then moves to step
#31093. It is thus possible to output the data for one
contiguous interleaved unit ILVU on the recording medium M

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_reqg 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 reg,
NSML_AGL_C9_DSTA reg, VOB_V_SPTM reg, VOB_V_EPTM regq,
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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to step #31106. Note that NSML_AGL_C#n_reg is the address
of the angle to which the ANGLE NO_reg was updated in step
#31103.
It is thus possible to transfer the data for the
5 angle selected by the user to the stream buffer 2400 in
VOBU units.

Step #31106 is an effective step for high speed
angle switching, and simply clears the stream buffer 2400.
By thus clearing the stream buffer 2400 the data for the

10 newly selected angle can be reproduced without reproducing
the angle data that is still not decoded. In other words,
clearing the stream buffer 2400 enables faster response to
user operations.

It is very important that DVD decoder according

15 to the present invention can promptly moves to the next
data reading process and effectively performs the data
reading once after the detection of the end of data such as
interleave unit ILVU and video object unit VOBU for the
sake of seamless reproduction which is one of main targets

20 of the present invention.

With reference to Fig. 66, a construction of the
stream buffer 2400 which can performs the end detection of
interleave unit ILVU is described briefly. The stream
buffer 2400 comprises a VOB buffer 2402, a system buffer

25 2404, a navigation pack extractor 2406, and a data counter
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2408. The system buffer 2404 temporarily stores the title
control data VTSI(Fig. 16) included in signal Sté6l1, and
outputs a control information St2450 (St63) such as
VTS_PGC.

5 The VOB buffer 2402 temporarily stores the title
VOB data VTSTT VOB (Fig. 1002), and the stream St67 to the
system decoder 2500.

The NV (navigation pack) extractor 2406 receives
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 (Sté63).

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 strean
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). 1In
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 reqg 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.

U
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10% & ()-$YdYNC 10At 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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procedure moves to step #31122, if not, the procedure moves

5 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 is 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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reproducing data from an optical disk, and these dynamic

system stream changes can be executed seamlessly.

5 Industrial Applicability
As is apparent from a method and an apparatus

according to the present invention for interleaving'a
bitstream to record the interleaved bitstream to a
recording medium and reproduce the recorded bitstream

10 therefrom is suitable for the application of an authoring
system which can generate a new title by editing a title
constructed by bitstreams carrying various information in
accordance with the user’s request, and is also suitable
for a Digital Video Disk System, or DVD System being

15 developed recently.
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(ILVU,) is read from disc,

segmenting m video objects into interleave units (ILVU;) whereby said data quantity
d1 stored to the track buffer exceeds a data quantity d2 transferred at supply rate Vo
from the track buffer to the decoder during said time t2, and

generating a bit stream in which segmented m video objects (VOB) are interleaved
in the sequence described above.
2. A bit stream generating method according to claim 1, wherein a video object (VOB)
'c.ontains compressed image data, and

the step for selecting 'a video object (VOB) selects m video objects (VOB) having
the same presentation time for the uncompressed image data contained therein.
3. A bit stream generating method according to claim 1, wherein said video object
(VOB) contains image data compressed according to a MPEG standard, and a smallest
control unit (VOBU) which is a sub region of said video object (VOB) constituting an

interleave unit (ILVU) is bounded by a GOP unit, which is an image data compression

unit.
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10% ()lsgaqtematwegf 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 interleave 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 g ). ILVU,,

ILVU, .y ILVUyy oo ILVUgnty ILVUpny-

ILVU,,.ILVU,, ... ILVU e ILVU,,
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interleave units (ILVU;) from a disc, and time t2 being a time required for the disc
reproducing apparatus to switch bit stream reproduction from interleave unit (ILVU,)
to interleave unit (ILVU,) to 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 b'e reproduced.

5. A disc (M) for storing a bit stream reproduced by a disc reproducing apparatus

according to claim 4,
where said disc reproducing apparatus comprises a track buffer for temporarily

storing data read from the disc to the track buffer at a read rate Vr before transferring

said data to a decoder at a supply rate Vo, where said read rate Vr is greater than said

supply rate Vo, and
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(ILVUp) is read from disc, and said time t2 being a time at which reading a bit stream

i
from the disc will be interrupted when a head of the disc reproducing apparatus jumps
between an interleave unit (ILVU,) and an interleave unit (ILVUy;,,).
6. A disc (M) according to claim 4, 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) 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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a flag (UNIT END flag) indicative of an end of an interleave unit,
linking information (NT ILVU SA) indicative of a position on the disc (M) of
a next interleave unit (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 apparatus (DCD) comprising a means for reading presentation
“sequence information, gr.o'up 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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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 tNT_ILVU_SA) in the stored
management information (NV). |
10. A disc reproducing apparatus (DCD) according to claim 9, further comprising
a means for reading presentation sequence information, group information, and a video
object (VOB) from a disc (M), said disc (M) comprising
a video object storage area and a management information storage area,
said management information storage area stores presentation sequence

information indicative of the video object (VOB) presentation sequence, and
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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
tom, 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,, ;. JLVU,,, ..

ILVU‘ 2. . ILVUZZ ser e ILVU(m_ l )2- nILVUm2

ILVU, .1y ILVUyy oo ILVU gty ILV Uiy
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 t3,
where time t3 is a sum of time tl and a time t2,
time tl being a time required to read a bit stream constituting said
interleave units (ILVU,) from a disc, and time t2 being a time required for the

disc reproducing apparatus to switch bit stream
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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
aflag (UNIT_END _flag) indicating whether the interleave unit terminates in the
associated sub region;
wherein the interleave unit end detection means detects whether presentation'of a
video object (VOB) has reached the end of an interleave unit based on end éddress
information (VOBU _EA) for a sub region on disé, 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



U& ()-ub~_ @K51 "10% & ()- @10% & ()- 10% & ()- 'D 10%/ +/ & ()- 10 U 10
U 10 U2S 10% U& () - 2cMIE~ @K5 10% & ()- y10% & ()- |!'10% & ()- , 10% & ()-
10%4 & ()- "10% & ()- @UE~ @K5@' S10% & ()-3" 10% & () - @S fitute Sheet
F10% & ()- SF10% & ()- yl Z10% & ()-f - Da%-& ()- QdYNOOKS 10/ EB?'m
210% & ()-s0G 10%4 & ()- .'10% & ()-+f 104 & ()- )10% & ()- | 1
109&' ()- BO%ded pbject stofddefiréy ad®a Mavgement MIQURItON-Storbe@Yda) - * b6dEYNCOK53
10% ()- 10%& ()- 10%& ()- 10% ()- | 10%& ()-,
109& () - 6&y ey, @ LY dion stdrhBGrea)stord@prkQdifatiorr equéfliéBinformali
| 10%&' () - ys! 1050/4&%??1- Bﬁlxz%oK%, s ()~ 10 100 equiftéinformalion

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 (ILVUy),

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
1to v, and

said interleave units (ILVU,) are arranged in a sequence
ILVU,,. . ILVUy ... ILVU@ayn. JLVUp; ..

ILVU ;. ILVU,, ... ILVU 1. ILVU,

ILVU)y.1).. ILVUzu1) - ILVUmnaay-n)e IV U
ILVU,,..ILVU,, .... ILVU 1y ILVU,,
said interleave units (IL.VU;) 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 t3,

where time t3 is a sum of time tl and a time t2,
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and linking information (NT ILVU SA) indicative of a position on the disc (M) of

a next interleave unit (ILVU) to be reproduced,
said angle change acceptance means accepts an instruction changing a video object
(VOB) 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 info'rfnation (NV), and
said angle change control means starts presentation of the specified alternatively
presentable video object from a determined presentation starting position when an angle
change instruction is received.
12. A reproduction method for a disc according to claim 4, comprising steps of:
selecting a video object to be presented,
reading the selected video object,

retrieving and storing management information (NV) from the read video object,
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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.



