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-1- DESCRI PTI ON METHOD AND DEVI CE FOR

SEAMLESS- REPRODUCI NG A Bl TSTREAM CONTAI NI NG
NONCONTI NUOUS SYSTEM TI ME | NFORMATI ON Techni cal Field
5 The present invention relates to a nethod and
apparatus for seam essly reproducing a bitstream
havi ng non- sequential systemclock data therein and,
nore specifically, to a bitstreamfor use in an

aut horing systemfor variously processing a data

bi t stream conprisi.ng the vi-deo data, audio 10 dat a,
and sub-picture data constituting each of plural.
program titles containing related video data, audio
data, and sub- picture data content to generate a

bi tstream from whi ch a n@ESARIAE DNt ai ni ng t he
content desired by the user can be reproduced, and
efficiently recording and reproducing said 15
generated bitstreamusing a particular recording

PBAHED o SRe s " Fomprres S HRR T "oy prroTeean

audivoadatrae aRdrcRINTIIRIUY &ygiaha oy Qe ron

processing, for exanple, nmultinedia data 20 conpri sing
vi deo, audi o, and sub-picture data recorded to | aser

dirskn@t c4hdeq fQ formats are currently avail able.
Systens using Video-Cds in particular are able to

record vi de@Ghe2-pdesanto tnGintpemutradisgies wicchawasethod and
originall esi gned _wi t an_approxi mately 600 NMB .
BRI o PR PO or PRY LT o PLEStrdtm having non-

seqguential system clock data therein and, more specifically,

to a bitstream for use in an authoring system for variously
processing a data bitstream comprising the video data, audice
data, and sub-picture data constituting each of plural program
titles containing related video data, audic 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.

Background Art

Authoring systems used tc 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
laser disk or wvideo CD formats are currently available.

Systems using Video-Cds in particular are able to record video
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audi o data only, by using such high efficiency video
conpression techniques as MPEG As a result of the
i ncreased 5 effective recording capacity achieved
usi ng data conpression techniques, karaoke titles and
ot her conventional |aser disk applications are
gradually being transferred to the video CD format.
Users today expect both sophisticated title content
10 and hi gh reproduction quality. To neet these
expectations, each title-rfust be conposed from
bitstreanms with an increasingly deep hierarchica
structure. The data size of nultinedia titles witten
wi th bitstreans having such deep hierarchical
structures, however, is ten or nore tines greater 15
khap the d@ﬁﬁ f@r%‘%totils?cssvfﬁqm %st IC;IIl%Sina-E.I].%T need difba with
edit small image (title) details al so nakes
ﬂéc@@SﬁPVlWGtBﬂECQQQPﬁhﬁ@C@G@mmm caQGCBmvsﬁpeamn®%4m@‘dlgltal
ng&grd%%tg]erarchlc% dat a un|t .|§}th%§§
necessary to abvérop and prg e & c%b DI T reamlClencY video
sbimpetuisa cand eafinddviaacad Mgt al AProHesSiTY SEtHM increased
|nclud|n% bot h recordi ng and reﬁéoductlon capabilities
ﬁﬁg?gﬁﬁ rF&PﬁglﬁﬁlﬁﬁﬁacﬁﬁVtPﬁ SVEFe MSRTGr RLR CamPression
QéghhﬂhugbtSk%%@%kecﬂgtﬁgsegkbpb%ﬂk&yCQQQEEQ”d%Elahaser disk
each | evel of the hierarchy. Al so needed are an
2PPhiaebd ohgr agregreinglili bedngi takn2zFepredess e video CD
, and a recording nmedia to which the -3-

Itstream digitally processed by said apparatus can

be effici oaeky todaydechbdar it agermngd fdspadvtiieile content
sai d, recorded ,
and high reproduction quality. To meet these expectations,
each title must be composed from bitstreams with an
increasingly deep hierarchical structure. The data size of
multimedia titles written with bitstreams having such deep
hierarchical structures, however, is ten or more times greater
than the data size of less complex titles. The need to edit
small image (title) details also makes it necessary to process
and control the bitstream using low order hierarchical data
units.

It is therefore necessary to develop and prove a
bitstream structure and an advanced digital processing method
including both recording and reproduction capabilities whereby
a large volume, multiple level hierarchical digital bitstream
can be efficiently controlled at each level of the hierarchy.
Also needed are an apparatus for executing this digital

processing method, and a recording media to which the
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i nformati on can be quickly reproduced. Means of

i ncreasing the storage capacity of 5 conventiona
opti cal disks have been wi dely researched to address
the recordi ng nmedi um aspect of this problem One way
to increase the storage capacity of the optical disk
is to reduce the spot dianeter D of the optica
(laser) beam if the wavelength of the |aser beamis
1 and the aperture of the 10 objective lens is NA
then the spot dianeter D isgzproportional to 1/NA, and
the storage capacity can be efficiently inproved by
decreasing 1 and increasing NA As described, for
exanple, in United States Patent 5, 235,581, however,
coma caused by a relative tiIt between the 15 disk

SBEE@E%e%Hp hg e%&h gf thg Iagg be%g]aratus can be

(hereafter ' cr ases en a Iarge ap
(hﬁgthAptuenSeCSrdaﬁeﬁorTQt@fegen&nalffeanW£em L0, recorded
t he Lranspar ent sEpstrate nmust be made very thin. The

pr%gP§WF|§°Ph§Fnt & FECFETYCATPTATERAh of the disk

i's |OW/WhenMEQ%str%ﬁSp@H%¥e5§$H§r3$§e|SstggaggrYCapaCLty of
thin. MPEGL, the conventional nethod of recording and

r%ﬁPBEH&PﬁQaéld@@lQRhlélSEﬁde%mhbeeS|gn&Ekkuaesﬁasched to

aé&@reggeghéepég ?&1#% nDre roggséf g%%ﬁé?%#%%m One way
can trans r e da a unes a

rgmelnbtesh@Muhdxséﬁizg&edaﬁaaitphefcannf&xmiﬁhl disk is to
nﬁs ata faormat of the MPE&Q -4- standa
df? %?ESS WREt FRMERESe Oquﬁ§§.°H%%F%beé}F?Er) beam. If

et kv el eAgen dbf friencese bejagen MEGhARIMESL AR of the
objective lens is NA, then the spot diameter D is proportional
to 1/NA, and the storage capacity can be efficiently improved
by decreasing 1 and inqreasing NA.

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

MPEG1l, the conventional method of recording and
reproducing wvideo, audio, and graphic signal data, has also
been replaced by the more robust MPEG2 methed, which can
transfer large data volumes at a higher rate. It should be

noted that the compression method and data format of the MPEG2
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described in detail in the SO 11172 and | SO 13818
MPEG standards, and further description thereof is
omtted below. 5 Note, however, that while the
structure of the encoded video streamis defined in
the MPEQ2 specification, the hierarchical structure
of the system stream and the nethod of processing

| ower hierarchical l|evels are not defined. As

descri bed above, it is therefore not possible in 10 a
conventional authoring systgmto process a | arge data
stream containing sufficient information to satisfy
many di fferent user requirements. Moreover, even

i fsuch a processing nethod were available, the
processed data recorded thereto cannot be repeatedly

lé%%@ldtaq:ci %%@exdaé&néggggdgpgx Qggggsgft %‘ﬁ% nlﬁqqél specific

'arge capacity recording nmediumcurrently avallab
thatt egan oéffanderﬂig/féeeﬂd&eisarmlatrveqmodm@dm ghndol MABG2 are
glts reang S as. descri bed abov

BECT i C: |§7‘u" FR 3t 4 sFER f%%%r?t%”a?r d\ﬁé‘r‘ie T8Rgt3818 MPEG

sebhearad, e GHd enBite U e Sald STl ddF Ard@imied below.
20 process a bitstreamusing a data unit smaller than

the title. MA¥ese Speeiere Hd?w/awélﬂequtmeerr@mrsmture of the
' fi cant t
g%ﬁ@% %Qﬂéd: | GA Aoﬁ( . n%g%%?i‘éé Lheps 9%%%% %%%ac%féé/cacmn,

the recordi ng ne ncrea3|ng e spe
dhglhabrprohésaﬂngtrecﬁHMEr@ftﬂﬂﬂ@WEeEBﬂESreamlaﬂé the method

inventing gn a ancegﬁt i tal, rocess 25 net g

PhcPEECR sd.ngoa.m e&gf e[ilrsgares not defined.
Ther ef ore, alshaegbirestaobinbhe, pﬁ.gsféﬂttﬁe%@ﬁ;ﬂ:@rhdé gdbsible in
provi de an effective authorlng system for controlling

a3 conventional authoring system to process a large data stream
containing sufficient information teo satisfy many different
user regquirements. Moreover, even if such a processing method
were available, the processed data recorded thereto cannot ke
repeatedly used to reduce data redundancy becauge 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
pProcess a bitstream using a data unit smaller than the title.
These specific hardware réquirements include sgignificantly
increasing the storage capacity of the recording medium and
increasing the speed of digital processing; software

requirements include inventing an advanced digital processing

method including a sophisticated data structure.
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mul ti medi a data bitstream w th advanced hardware and

software requirenents using a data unit smaller than

the title to 5 better address advanced user

requi renents. To share data between plural titles and

thereby efficiently utilize optical disk capacity,

mul ti-scene control whereby scene data common to

plural titles and the desired scenes on the sane

time-base fromwithin nulti-scene periods 10

contai ning plural scenes ungque to particular

reproduction paths can be freely selected and

reproduced is desirable. However, when plural scenes

uni que to a reproduction path within the nmulti-scene

period are arranged on the sane tine-base, the scene

dat a nust bl%l Cong Ir%uouéhe LFSG' §Ct %dt ]é5 r;rc*ljelsteln SCJ_erli]@entlon is
data is theréfore unavol dab |nserte€ b&tween
seh@ﬁdxh@mnanneseeeeldat&umﬁbﬁﬂﬁgseyeﬁé@dfor contfolling a
nmul.ti-scene data. . The problemthis creates_when

PEBFGAGE Ty St PLESERE2Tal A tPs2 Y ARF=RePPBAURE P o ssof tware

kBLEE RS PYuthhs uhselegt %gll%ceékﬁalﬁ@}ath%gllihe title to
ot her words, except when a VOB, which is normally a

behgke- sidammst iadvaratid ivgpiequisenimigled i nto

di screte Stre fes%an1e§$ rqgrodu&tlog canr ésbgnd thereby
achi eved by S|np connecti ng Fhd reprodu0|ng

eadividunal WOBilThe SoptSi T @i c&bhbﬁit?henulti scene control
rggroductlon of _.vi deo, audi o, and sub-picture 2

ESRY 6 RSERER hCOPRCRuSP %%h"r’o‘i&%%danflhéhe desired

geanssfeh t6e @ahﬂeewlm-sals% FHRENLARLEA! i HiS scene periods
encl osed i n each VOB. result, the

§§méhmﬁpgamlowarﬂeaﬁsew‘ﬁl updtueu e | parhbrwdRly reproduction

paths can be freely selected and reproduced is desirable.

However, whenuplural scenes unigque to a reproeduction
path within the multi-scene period are arranged on the same
time-base, the scene data must be contiguous. Unselected
multi-scene data is therefore unavoidably'inéerted.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.

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

streams forming each VOB must be synchronized, the means for
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at VOB connections if the VOB are sinply connected

together. The object of the present invention is

therefore to 5 provide a reproduction apparatus

enabl i ng seam ess reproducti on whereby scene data can

be reproduced without intermttence even fromthese

mul ti-scene periods. The object of the present

invention is therefore to provide an optical disk

medi um from whi ch data can be 10 seani essly

reproduced w thout audio orgvideo intermtting even in

such nulti-scene periods, and reproduci ng appar at us

i mpl enenting said recordi ng and reproduci ng net hod.

The present application is based upon Japanese Patent
Application No. 7-276710 and 8-041583, which were

fi on, Sept ember. 29 995 and February .28, 199
ity YT ER R B st S SO GRrER AE =ack Vos. Ae a
expsessl ychaceypohabadzhy i ocheheafaCcRiher abl. function normally
Di scl osure of Invention The gresent i nvention has been

Vel OPed P EREA°0Feht BDet YOBuBEEaftMBREYY COBPFICTFS fegether.

above descri-hgd.g é@gvggtﬁagg AN has SN i1d:S is therer
essenti al objec? %o provi de gh |nﬁ}oveakhé?hodjgh§ srerore to
appey bdes far reppoddeehgohi t shppammbawi ngenabling seamless

s Segye tial system cl ock da a.sean1 ssl ,
{gége e ﬁgéﬁp =T H?%H%@ﬁn?ogﬁ%ﬁlévgltﬁg Zeproduced without
afrrenent tened ebeRCELYR, tA=E¥ShAlt st E8aHEC gRbHIGHRUS

reproduction apparatus to which are input one or nore _
syst em streaf® TRHRFT @Nitly aFaseast RyeRrdomiet fherefore to

(iﬂ.t@vﬂﬂg %LHJ” %p‘i@.tc%sl aBQSﬁysﬁ-@ghéﬁr eﬂgﬁomﬁo@ata - can be
seamlessly reproduced without audio or video intermitting even
in such multi-scene periocds, and reproducing apparatus
implementing sald recording and reproducing method.

The present application is based upon Japanese

Patent Application No. 7-276710 and 8-041583, which were filed

on September 29, 1995 and Fébruary 28, 1996, respectively, the
entire contents of which are expressly incorporated by

reference herein.

Disclosure of Invention

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

system clock data seamlessly therebetween.
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5 information conprises a system clock STC generator
for producing the systemclockthat is used as the
system stream reproduction reference clock, one or
nore signal. processing decoders that operate
referenced to the systemclock STC, decoder buffers
for tenporarily storing the system streamdata 10
transferred to the correspondi ng signal processing
decoders, and STC selectors for selecting a system
clock STC referenced by thé& signal processing
decoders when decoding the first systemstream and
anot her system cl ock STC referenced by the signa
processi ng decoders when decodi ng a second systemi5
stream reproduced contiguously to the first system

stream  Brigf ocbRser ithf i Qv r @k NG8oFhlent ibSe@ objective,
graph schematically showing a structure of nulti

e Y 453 sﬁn@@afhpsz@@esﬁpﬁg rerrhdugkesentrbPAvaAtisoR? which are
h t d

g S HP s AT I A RV 2 qaet moving

zpiﬁmmtedbagaamnﬁmmuﬁgoamamatummﬂgsyde@mkﬁtream connection

according.to the present invention, Fig. 4 is a side
"b%%‘?a heBpt FEH T Hi SK ﬁoﬁyﬁgtet“he Clrﬂﬂ“(l Stédi §piarater  for

%Ixrcﬁ:ﬂf&.ﬂﬁg Fige 1yst8m EhBckSnia® an e aed tylllt@Wsystem stream
shomhﬁg portion confined by a circle of Fig. 4,
Yt

Weﬁ#ﬁ?geacvl ewcskoniong PHporetonsigonli pegcessing
%&&éf&l @hg ﬁ?g;raﬁ:e rgfgrelceé %oSIQt?evgg\gt%nlov‘éﬂgck sSTC,

a variation o
decoder buffers for temporarily storing the system stream data

transferred to the corresponding signal processing decoders,
and STC selectors for selecting a system clock STC referenced
by the signal processing decoders when .deceding the first
system stream, and another system clock STC referenced by the
signal processing decoders whe.ﬁ decoding a second system

stream reproduced contiguously to the first system stream.

Brief De‘scription of Drawings

Fig. 1 is a graph schematically showing a structure
of multi media bit stream according to the present invention,

Fig. 2 is a block diagram showing an authoring
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 the

multi media bit stream of Fig. 1,
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optical disk of Fig. 4, Fig. 8 is a side view show ng
another variation of the optical disk of Fig. 4, Fig.

9 is a plan view showi ng one exanple of track 10 path
fornmed on the recording surface of the optical disk of

Fig. 4, Fig. 10 is a plan view show ng anot her exanpl e

of track path fornmed on the recording surface of the
optical disk of Fig. 4, 15 Fig. 11 is a diagonal view
schematically showi ng one exanple of a track path

pattern forned on the opticgl disk of Fig. 7, Fig. 12

is a plan view show ng anot her exanple of track path
formed on the recording surface of the optical disk

20 of Fig. 7, Fig. 13 is a diagonal view schematically
showi ng one exanple of a track path pattern forned on

the optical_disk of . Fig. 8, -9- Fig. 14 is.a plan .
vi ew showi n%l%hot%eﬁsex%’ﬁpleenjoﬁr??%cwlpeé'f h S c?r“ErLen off PorEien
tdih 706 dbN0a St Foce ©f #he. optical disk of Fig. 8,

Fig. 15 is a graph in assistance of explaining a 5

concept of ¥ entéal 1€ontR ol SHREFW NG ¥y t FEPri&enp Portion
icﬁ)%riéﬁ“b)!':ig'cglﬁcié & g aph schematical Iy show ng

the Fig. 7 is a side wview showing a wvariation c¢f the
optical disk of Fig. 4, _

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

Fig. 9 is a plan view showing one example of track
path formed on the recording suxface of the optical disk of
Fig. 4, '

Fig. 10 is a plan view showing another example of
track path formed on the recording surface of the optical disk
of Fié. 4,

Fig. 11 is a diagonal view schematically showing one
example of a track path pattern formed on the optical disk of
Fig. 7,

Fig. 12 is a plan view showing another example of
track path formed on the recording surface of the optical disk
of Fig. 7,

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

Fig. 8,
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structure of nultinedia bit streamfor use in Digita

Video Disk system according to the present invention,

10 Fig. 17 is a graph schematically show ng the

encoded video stream according to the present

invention, Fig. 18 is a graph schematically show ng an
internal structure of a video zone of Fig. 16. Fig.

19 is a graph schematically showing the stream 15

managenent information according to the present

invention, Fig. 20 is a gmaph schematically show ng

the structure the navigation pack NV of Fig. 17, Fig.

21 is a graph is assistance of explaining a concept

of parental |ock playback control according to the 20
present invention, Fig. 22 is a graph schematically

ShO\M ng t h@‘i%a.t 44 Sité’ uéptﬂ'h[& L@fgwl Eh@w%@' taﬁ!ot‘&’ileqe%:’carnple of
di sk system according to the present Invention, - 10
Frgck28ath foxynaplen nlas gespaddegobuetpkeai nfngha optical disk
89”§§§t gf Mul ti-angl e scene control according to the

present “i'nvention, Fig. 24 is a graph in assistance

of expl ai ngdg.a1s5 Ongeplaph MW tdssicAN SRt 3f explaining a
connection, Fig. 25 is a block diagram show ng a DVD

SPEOBRF REcoPFETF R t HETPrEent2¢ PvRPPON, ER gEheg present
iSvanbPkogk diagram showi ng a DVD decoder according to

the present invention,
Fig. 16 1is a graph schematically showing the

structure of multimedia bit stream for use in Digital Video
Digk system according to the preseht 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 internal
structure of a video zone of Fig. 16.-

Fig. 19 is a graph schematically showing the stream
management information according to the present invention,

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

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

Fig. 22 is a graph schematically showing the data
structure used in a digital video disk system according td the

present invention,
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10 Fig. 27 is a graph schematically show ng an

encoding information table generated by the encoding
systemcontroller of Fig. 25, Fig. 28 is a graph
schematically showi ng an encoding information tables,

13 Fig. 29 is a graph schematically showi ng an

encodi ng paraneters used by the video encoder of Fig.

25, Fig. 30 is a graph schenmatically show ng an

exanpl e of the contents of the program chain

i nformati on according to _.4phe present invention, 20

Fig. 31 is a graph schematically show ng anot her

exanpl e of the contents of the program chain

informati on according to the present invention, Fig.

32 is a block diagram show ng a synchronizer of Fig.

26 accordl 0 g?e resent Inv'erpté.ggis ance Olfg ex %.alnln a
is a graph ‘assi st ance o5 xﬁlalnlng a conceépt Jt o
ﬂbhheian@EeMaﬁemeaﬁgmérQEeﬁéCﬂbdtﬁglt@c&hﬁdmﬁQSEBtthérpresent
i,nvention, Fig. 34 is a flow chart, formed by Figs.
3PX=RTdC™5 34B, showing an operation of the DVD

encoder of ghigd. 25 fi0a 32ab® ad | QW LHALL-ShOW A p1aining a
detail ed of the encode paraneter production

SEBCEPEt ke MOl LR goe34, daq} thn%;@%ddOMIChart

showing th et ed_ of data s ing rou e

of Fig. 35%:L gé 37 S OCFI Sw °char ekhov\ﬁ n% iah‘b% encoder
gacodding to the present invention,

Fig. 26 is a block diagram showing a DVD decoder
according to the present invention, |

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

Fig. 28 is a graph schematically showing an encoding

" information tables,

Fig. 29 is a graph schematically showing an encoeding
parameters used by the wvideo encoder of Fig. 25,

Fig. 30 is a graph schematically showing an example
cf the contents of the program chain information according to
thelpresent 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 block diagram showing a synchronizer

of Fig. 26 according to the present invention,



10

15

20

25

paraneters generating operation for a seanl ess
swtching, Fig. 38 is a flow chart show ng the.
encode paraneters generating operation for a system
stream Fig. 39 is a block diagram showi ng the STC
generator 15 of Fig. 32, Fig. 40 is a graph in

assi stance of explaining the realtionship the

rel ati onshi p between the SCR, APTS, VDTS, and VPTS
values, Fig. 41 is a block di agram show ng a

nodi fication 20 of the synahronizer of Fig. 32, Fig.
42 is a bl ock diagram show ng a synchroni zati on
controller of Fig. 41, Fig. 43 is a flow chart show ng
an operation of the syncronization controller of Fig.
42, 25 - 12 Fig. 44 is a graph in assistance of

expl aining gne el aki %S&Ea{b@eﬂé’eﬁgsm?aﬁxg P GG ining a

reference SCR, the audio ™ playback starting tine

iAot icdn MARTES - aﬂg;qhagama*cpatepéneecocﬁ@nb §3Crhe present
Qndjkgp V|deo pl ayback starting tine VPTS, 5 Fig. 45

IS a ﬁwl n assi stance of explaining the

rel atl onshumgoet_weemst Be mesorsthdier PosbthOASLNGFigs. 34A and
val ues of SCR, APTS, and VPTS when VOB #1 and VOB #2

P8 s NS pn r%f:ﬁ%%% of ghe 4BVP sepcefaphof nFig. 25

assitance qf; §exp£§1 BIeNG, t BLL 1QnG gltatg%mgp BELtUeeBa of the
t he SCR, APT and VPTS val ues

encode parameter production sub routine of Fig. 34,

Fig. 36 is a flow chart showing the detailed of the
VOB data setting routine of Fig. 35,

Fig. 37 1is a flow chart showing the encode
pParameters generating operation for a seamless switching,

Fig. 38 1is a flow chart showing the. encode
parameters generating operation for a system stream,

Fig. 39 is a block diagram showing the STC generator
of Fig. 32,

Fig. 40 is a graph in assistance of explaining the
realtionship the relationship between the SCR, APTS, VDTS, and
VPTS wvalues,

Fig. 41 is a block diagram showing a modification
©of the synchronizer of Fig. 32,

Fig. 42 is a block diagram showing a synchronization
controller of Fig. 41,

Fig. 43 is a flow chart showing an operation of the

syncronization controller of Fig. 42,
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recording positions in each VOB, Fig. 47 is a graph in

assi stance of explaining the relationship between the

SCR, APTS, and VPTS values and recording positions in

the VOB, 15 Fig. 48 is a graph showng a tine |line

frominput of the VOB in Fig. 47 to the system

decoder to output of the |ast audio and video

reproduction data, Fig. 49 is a flow chart show ng the
operation of the DVD encoder of Fig. 26, 20 Fig. 50

is a flow chart show ng deiails of the nulti-angle

non-seam ess switching control routine of Fig. 49,

Fig. 51 is a flow chart showing details of the

mul ti-angl e seam ess switching control routine of Fig.

49, Fig. 52 is a flow chart show ng details of the

25 parental..l ock  syh-routi f. Ei Q.. N G T = -

is a flow Eﬁlgr‘t liléihg\%i ﬁg%g‘é“?’zﬁ IQLS':1 c?fsqrtlﬁe%nsci]engl{ egcgel%g'nlng che
sebabibnreipf bétgeed S héisst o cArnetkobedreegraphiSR, the audio

show ng. decodi n infornation table _produced. b he

%g%%?ﬂﬁ %fy%f"ehﬁc"% d?ft’?eolﬂngror"‘oatdro‘?iAEESZG‘?h?idge?‘y‘g%)e"f Feference
flowichart shewchg theeopenatiniofsddha i VR decogers,

DCD of Fig. 26, Fig. 57 is a flow chart show ng

detai | s of FigepfEddet roArerbr 48t edshetapeat Piig soP lRigiing the
%g%%%?ﬁgkﬁip5%é€%é%ﬁ'éH%CQQEErEQQW'¥%5¥§¥§A§5éﬁd values of

SCR, APTS, and VPTS when VOB #1 and VOB #2 are seamlessly

reproduced,

Fig. 46 is a graph in assitance of explaining the
relationship between the SCR, APTS, and VPTS values and

recording positicons in each VOB,

Fig. 47 is a graph in assistance of explaining the
relationship between the S8SCR, APTS, and VPTS wvalues and
recording positions in the VOB, |

Fig. 48 is a graph showing a time line from ihput
of the VOB in Fig. 47 to the system decoder to output of the
last audio and video reproduction daté;

Fig. 49 is a flow chart showing the operation of the

DVD encoder of Fig. 26,
Fig. 50 is a flow chart showing details of the

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

Fig. 52 is a flow chart showing details of the

parental lock sub-routine of Fig. 49,
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data process of Fig. 57, performed by the stream
buffer, Fig. 59 is a flow chart show ng details. of

t he decoder synchroni zation process of Fig. 58, Fig.
60 is a flow chart showi ng an during non- 15 seanl ess
reproduction operation of the STC sel ection

controller of Fig. 59, Fig. 61 is a flow chart show ng
the operation of the STC selection controller of Fig.
39 during seam ess reproduction operation, 20 , Fig.
62 is a flow chart show ngli he data transfering
operation of Fig. 57, Fig. 63 is a flow chart show ng
details of the non nmulti-angle decoding process of
Fig. 62, - 14 Fig. 64 is a flow chart show ng details
of the non- nmulti-angled interleave process of Fig.

63, Fig. 6%ii5s aflow chapioshowa dghalkscsofadeilis of the
non- nulti-angled contiguous bl ock process of Fig. 63,
8ifgge 66ens subrowtdmgr LLsEdW -ng %an nodification of

Fig. 63, Fig. 67 Ls a_fl.ow_gchart show det_ai | 4 ai
t he sean1gggsﬁulkﬁ-aﬁa e agcoafﬁg %ﬁ%%%fs %%CE§6QI62fCO e
Ehgorf8tisnatbbow ghasticehomiynghdetiaicbsial Betet0 controller
seani ess multi-angl e decoding process of Fig. 62, Fig.

88 Fi9a BFock di agram showing details of the
Fig. 56 is a flow chaxrt showing the coperation of the

DVD deccder DCD of Fig. 26,

Fig. 57 is a flow chart showing details of
reproductioﬁ extracted PGC routing of Fig. 56,

Fig. 58 is a flow chart showing details of decoding
data process of Fig. 57, performed by the stream buffer,

Fig. 59 is a flow chart showing details. of the

decoder synchronization process of Fig. 58,

Fig. 60 is a flow chart showing an during non-
seamless reproduction operation of the STC selection

contrcller of Fig. 59,

Fig. 61 is a flow chart showing the operation cf the
STC selection controller of Fig. 39 during seamless
reproduction operation,

’

Fig. 62 is a flow chart showing the data transfering

operation of Fig. 57,

Fig. 63 is a flow chart showing details of the non

multi-angle decoding process of Fig. 62,
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stream buffer of Fig. 26, Fig. 70 is a flow chart
showi ng the encode paraneters generating operation
for a system streamcontaining 15 a single scene,

Fig. 71 is a graph schematically show ng an actua
arrangenment of data bl ocks recorded to a data
recording track on a recording nmedi umaccording to
the present invention, Fig. 72 is a graph
schematical ly showi ng contiguous 20 bl ock regions and
interl eaved bl ock regions. ggray, Fig. 73 is a graph
schematically showng a content of a VIS title VOBS
according to the present invention, and Fig. 74 is a
graph schematically showing an internal data structure
of the interleaved bl ock regions according to 25 the
present i ngentiog. ;3 19-cBesi Mbde 101, QA 4108 Ao Nehe non-
I nventi on prevent invention s detaifedly
desclibagledt hnteeflenerc@rbaddie @t capard ng

drawi ngs. Data structure of the authoring system5 The

| ogi ¢ struEtHrefafitme MAYiTRAFG PRI (reahy ©F the non-

PEOEESSRG1 T BOnt RGURBSOLELRG RRAALLSF FECPr dNg
medi um  reproduction apparatus, and authoring system
accordi ng Fégtheé peesehilownvbaricosbeyidgesen pediffiagtion of
pg%pmggﬁth reference to Fig. 1. 10 In this structure,

ne titfe refers to the conbination of video and

audi o dat arexpr &ssi g pr offaun ebidhentshowing details of the

seamless multi-angle decoding process of Fig. 62,

Fig. 68 is a flow chart showing details of non-
seamless multi-angle decoding process of Fig. 62,

Fig. 65 is a block diagram ghowing details of the
stream buffer of Fig. 26,

Fig. 70 is a flow chart showing the encode
parameters generating operation for a system stream containing
a single scene,

Fig. 71 is a graph schematically showing an actual
arrangement of data blocks reccorded to a data recording track
on a recording medium according to the present invention,

Fig. 72 is a graph schematically showing contiguocus
block regions and interleaved block regions array,

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

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

the present invention.
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recogni zed by a user for education, entertai nnment, or

ot her purpose. Referenced to a notion picture

(rmovie), one title nay correspond to the content of

an entire novie, or to just 15 one scene within said

novie. A video title set (VTS) conprises the bitstream

data containing the information for a specific nunber

of titles. Mre specifically, each VIS conprises the

vi deo, audi o, and other reproduction data

representing the content ofiseach title 20 in the set,

and control data for controlling the content data.

The video zone VZ is the video data unit processed by

the aut horing system and conprises a specific nunber

of video title sets. Mirre specifically, each video

ZNng- | ' 0 ' title sets
nunberDZ%@eVT%éﬁgéglé gﬂﬁ%rﬁﬁtvﬁ}é?efﬁq?}ékg%gi nt eger val ue

of zero or Theawrverneinddnt Vdnleds tdéteisefly described with
R ‘¥§§2J ghe first video titlg set VIS #0, is used

as The ViHed naiader  goRTY brAg F RELBSft ent

iDafrer ko ofe tdre did | 85 160P1 & Ngdst8neach vi deo

title set. The nultinmedia bitstream MBS is the | argest

control 5 it £ogf ct AETHEFVF Aeef & ama lbiiredigafinta bitstream
E%a@&gé&y &an&uEHQ“H&%O%&EH#”%?%&EQ@UQte%@ﬁ rding medium,
I nvention, and Tonprises plural video zones 7

Aerirgrduny ient egprrBCuks prelicanetoetbodspenemofctbeding to the

aut hori ng encoder EC 10 according to.the present
BEEAR 4 RS 58 i a R A dhar prat rfgTence to
FiLBS hy re-encodi ng the origina

In this structure, one title xrefers to the
combination of video and audic data expressing program content
recognized by a user for educaticn, entertainmenﬁ, or cther
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.

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

The video zone VZ is the video data unit processed
by the authoring system, and comprises a specifié number of
video title sets. More specifically, each videc zone is a
linear sequence of K + 1 video title sets numbered VIS 40 -

VTS #K where K is an integer value of zero or greater. One
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mul ti medi a bitstream MBS according to the scenario

desired by the user is shown in Fig. 2. Note that the
original nultimedia bitstream MBS conprises a video
stream St1 15 containing the video information, a
sub-picture stream St3 containing caption text and

ot her auxiliary video information, and the audio

stream Sts contai ning the audi o informati on. The vi deo

and audi o streans are the bitstreans containing the

video and audi o i nformatiop. obtained fromthe 20

source within a particular period of tinme. The

sub-picture streamis a bitstream containing nonentary

video information relevant to a particular scene. The
sub-picture data encoded to a single scene may be

captured to video nenory and _ di spl ayed conti huousl
%%ﬁt%’:wd%%tnﬁﬁ?ﬁ%?lwfiﬁ@fls%%tnevsld% ta?st]rﬁayg%te VTS #0,
{LCegg8[Y- as 1Eh@heQIchiHc§ %ﬁéé@gl adé@é'f;@ﬁigét atﬁ‘él y content
St3, and Sts is obtained froma |live broadcast, the

i feomantoaudE ot Beghakdesarensappededni pacbalvideme title set.
froma vid ca a or..other jnagi sour.ce;

i 1] edt ot BB P iot Hara FoDFEat Bathas Ml R, eI Gonera
diipe oF ttidhanleeeediangaiadb ekt bem s dl addw it authoring
signals are not real-tinme signals. Wile the ,
SHAETFTedf at B6uPEE SSfe iV SHtim 30 FFgRPrasgg plural video
L iekNg these three source signals, this is for

conveni ence.only, and it should be noted that the

Aathompniy gedQodenr BE stream may contain nore than

three types cf sourc signals, . an [.o_sou

data for d]ﬁf?g?g%{:r?l tFl’éLié).gglmEht og Eﬁg gggkg.lrg.n% Uh%Bder 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 by -
the user is shown in Fig. 2. Note that the original
muleimedia bitstream MBS comprises a video stream Stl
containing the wvideo information, a sub-;;icture stream St3
containing caption text and other auxiliary video information,
and the audio stream St5 containing the audioc information.

- The video and audio streams are the bitstreams
containing the video and audio information ocbtained from the
source within a particular period of time. The sub-picture
stream is a bitstream containing momentary video information
relevant to a particular scene. The sub-picture data encoded
to a single scene may be captured teo video memory and
displayed continucusly from the video memory for plural scenes

as may be necessary.
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Mul ti nmedia source data with audi o, video, and

sub-picture data for plural titles are referred to

bel ow as nulti-title streans. 15 As shown in Fig. 2,

the aut horing encoder EC conprises a scenario editor

100, encoding systemcontroller 200, video encoder

300, video stream buffer 400, sub-picture encoder

500, sub-picture stream buffer 600, audi o encoder 700,

audi o stream buffer 800, system encoder 900, video

zone 20 formatter 1300, regarder 1200, and recording

medi um M The video zone formatter 1300 conprises

vi deo object (VOB) buffer 1000, formatter 1100, and

volune and file structure formatter 1400. -18- The

bi t st ream encoded by t he authoring encoder EC of the

present e d| nt. carde Q l e y

to an optica g?s Ué%ﬁgg%arlo e ofia%%%ﬂ%'tﬁggi and St3

aut 8pthhgeancodera E@véb&utamﬂa&d hEh&CQB‘]aébOaﬂataud_o signals
e., the user-defined editing instructions. The

§E§n§\"PBld§t‘1al% o7t 3 o1 S BRI R 3 FédeCoF FBEHBNTT iyt hex imaging

Qé&&éeof Wilde Tkl LBl Aokl LS WIRAPMR AC QY Ydirodibed from a
the user's mani pul ati on of the video, sub-picture, and

abdre domponent stbext h@qymcyurrml medhuinreding taeddo and video
Ihis &% %%%nggko edlt r 10%1pggg§rably conprises a

. speakerfS) oard, "CPU, and source
strean1bufhaﬁ1eTbae ﬁﬁEﬂﬂﬁéﬂladsbﬂfcéOQtréaﬁOﬂﬂe@ﬁ@mh in Fig.
to an external nultinmedia_ bitstream source fromwhich,

th@FuFEMREdFA NS0T ke Hald™sq | source signals, this' is for

convenience only, and it should be noted that the multimedia
source stream may contain more than three types <f source
signals, and may contain source data for different titles.
Multimedia source data with audio, wideco, and sub-picture data
for plural titles are referred to below as muiti-title
streams.

As shown in Fig. 2, the authoring encodexr EC
comprises a scenario editor 100, encoding system controller
200, video encoder 300, video stream buffer 400, sub-picture
encodex 500, sub-picture stream buffer 600, audioc encoder 700,
audio stream buffer 800, system encoder 900, video =zone
formatter 1300, recorder 1200, and recording medium M.

The video zone formatter 1300 comprises video cbject
(voB) buffer 1000, formatter 1100, and volume and file

structure formatter 1400.
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St3, and Sts are supplied. 15 The user is thus able to
reproduce the video and audi o conponents of the

mul ti medi a source data using the display and speaker

to confirmthe content of the generated title. The

user is then able to edit the title content according

to the desired scenario using the keyboard, nouse, 20

and ot her command i nput devices while confirmng the

content of the title on the display and speakers. The

result of this nultinmediajglata mani pulation is the

scenario data St7. The scenario data St7 is basically

a set of instructions describing what source data is
selected fromall 25 or a subset of the source data
containing plural titles within - 19 a defined tine

peri od, ang‘ho the sel ected source data_ij .

reassenbl e Wﬁf%%ﬁﬁ%flﬁ%a??ﬁ?%%%ﬁ%¥i%§?s%a§%ﬁééfg encoder EC
A8t endegriggenchentslimeBasad aedot@eldn®lr ueli @S example only
recei ved through the keyboard or other contro

B_vFBe CPHHE3EPTiEddes the position, 5 length, and the

rel ative tipgme- hesed Resthiens fbotde Qdl (RAnNAAS Heoder EC
the respective nultinmedia source data streans Stl,

spgpuasd S sgegemépatdrtishe Scenar itdedatseStdeffhed editing
source stream buffer has a_specif,¢c_ capacit and, .i

b%%ngS% el'ay the&%ﬁltfﬁggﬁalgoqueada gng %%gnse%ﬁging che
dOr Bk 8pocadd nSt fagtknNOBN: he nea Ikt niddh & Bk s@tic@id MBS according
streams Sti, St3, and StS. This delay is required for

59 nERont2et | n"RPERULAE 198di 2%r tRACHAPRG  priftegRicture, and

Mpagosnesiddtidy, ovhahdab@iginal 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 external multimeaia
bitstream source from which the multimedia source data St1,
St3, and St5 are supplied.

The user is thus able to reproduce the video and
audio components of the multimedia source data using the
display and speaker to confirm the content of the generated
title. The user is then able to edit the title content
according to the desired scenario using the keyboard, mouse,
and other command input devices while confirming the content
of the title on the display and speakers. The result of this
multimedia data manipulation is the scenario data St7.

The scenario data St7 is basically a set of
instructions describing what source data is selected from all

or a subset of the source data containing plural titles within
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encodi ng and user generation of scenario data St7 are
executed 15 sinultaneously, i.e., when encoding

i mredi ately follows editing, time Td is required to
determ ne the content of the nultinedia source data

editing process based on the scenario data St7 as

w Il be described further below. As a result, the

mul ti medi a source data nust be delayed by tine Td to

20 synchroni ze the editing process during the actua

encodi ng operation. Becauge-this delay tinme Td is

limted to the tinme required to synchronize the

operation of the various system conponents in the

case of sequential editing as descri bed above, the

source stream buffer is normally achi eved by neans 25

of .a_hi eed storage nedi S em con :
FeBrg L, A LT TR MR, W PR G aaca o
fehsserbdilads aur eepdatiaces teac edetdaati coneeglitbateth intended by
encoded") after scenario data St7.is generated. fo

the E67 et eBRFEfe Cdetdy LRRETYECHISE 5T oS eﬁ%ﬁaﬁgh the
1Oy PLQERSSrt HEnEPMU St £t idd e &k, l1Weipy Id R d Rin® position,
case, the source streambuffer nmay be a | ow speed,
ktpdtheapad thestrelagd iredi ume sertedispes Heborapef the edited
B, @set E% %ihsek’r %r e %e.tnjecan‘ltul iisrrlf'd:i:ralnes S'l!:'l r('fjgt&é@a(gi{PngS Stl
BT hedra used oF the Solrce — Stream DUTTer nay ’
sther ehndeshe det geAbpredcacher dicegatd.o Macal&tdel ay

time Td re%uired and the all owabl e manufacturi

ng.cost. .
The encodi i§®s FStERfc GG é?“fzﬁﬁfi%a%o%nﬁﬁ?'éag%‘a Sapacity,
e S&enaLhoc80al DLy 10R 2Rd1 £ eELYESsbhiec8CcqhakI Brdakas st1,

St7 therefrom Based on the tine-base position and
$@mgt¢pd St5 a known time Td and then cutput streams &tl, 3t3,
and St5.

This delay is required for synchronization with the
editor encoding process. More  specifically, when data
encoding and user generation of scenario data St7 are executed
simultanecusly, 4i.e., when encoding immediately follows
editing, time Td is required to determine the content of the
multimedia socurce data editing process based on the scenario
data St7 as will be described further below. BAs a result, the
multimedia source data must be delayed by time Td to
synchronize the editing process during the actual encoding
operation. Because this delay time Td is limited to the time
required te synchronize the operation of the various system
components in the case of sequential editing as described
above, the source stream buffer is normally achieved by means

of a high speed steorage medium such as semiconductor memory.
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information of the edit segnent contained in the
scenario data 15 St7, the encoding system controller
200 generates the encoding paraneter signals St9,

Stil, and St13 for encoding the edit segnent of the
mul ti medi a source data. The encoding signals St9,
Stll, and St13 supply the paraneters used for video,

sub- picture, and audi o encodi ng, including the
encodi ng start and 20 end timng. Note that nultinedia
source data Stl, St3, andz9Sts are output after del ay
time Td by the source stream buffer, and are

t herefore synchroni zed to encodi ng paraneter signals
St9, Stil, and St13. More specifically, encoding
paraneter signal St9 is 25 the video encoding signa

speci 1 yi noplbe,encadinG bining Af »alks e Stiean: a source
Stl to extract The encodi ng segnent fromthe video
Stream Stdcaiull genenate (t'batvindeacedeading ittt scenario data

Encodi ng paraneter signal Stil is |likew se_the _
b7 CHorer 2 EN CART el EBAFRIPH TRl S Ao {8 haKeF 4TS T mast

ddel sih- phetiyhecd gheedisng el edipispecidying bheionger. 1In
encodi ng, timng for sub- picture stream St3. Encodin

tﬁﬁf%r@%ﬁ" stiematoSias $@f—'f¥¢1@ biaﬁ’.ﬁqag 'Eﬁl_z'oéﬁn@ gpyngpee%, high
SpeCI#%%’g!%aZée:%o Mcgu%he%%oq'liﬁ%ou !atpe,anagnetic disk, or

ing timng for audi 0 stream Sts.
dBasiechordidle. ti ne- base rel ati onship between the 10

encodi ng segnents of streans Stl, St3,, and Sts_in e
mul ti medi & Sout tEdRTRSc ﬁYBFhe&fiﬁ§§ﬁﬂuﬂ§%éd5?5 7, souree

stheareNeeEE8g fY¥et MLAUHIQ! 188 d00-9RA86at @fcddi®iing to the
timng signals St21, St23, and St25 arranglng t he
a

dedEntddi i T gt gl the allowable manufacturing cost.

The encoding system controller 200 is connected to
the scenario editor 100 and receives the scenario data St7
therefrom. Based on ‘the time-base position and lengi_:h
information of the edit segment contained in the scenarioc data
St7, the encoding system controller 200 generates the encoding
parameter signals St9, Stil, and Stl13 for encoding the edit
segment of the multimedia socurce data. The encoding signals
8to, Stll, and Sti13 supply the pérameters used for wvideo, sub-
picture, and audio encoding, including the encoding start and
end timing. Note that multimedia 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, Sti1l, and Sti13.

More specifically, encoding parameter signal St9 is

the video encoding signal specifying the enceding timing of
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streamin the specified tinme-base relationship. 15 The

encodi ng systemcontroller 200 al so generates the

reproduction tinme information I T defining the

reproduction tine of the title editing unit (video

obj ect, VOB), and the stream encoding data St33

defining the system encode paraneters for

mul ti pl exi ng the encoded nmultimedia stream 20

cont ai ni ng video, audio, and sub-picture data. Note

that the reproduction timg information IT and stream

encoding data St33 are generated for the video object

VOB of each title in one 'video zone VZ. The encoding

system controller 200 al so generates 25 the title

sequence contr ol signal St 39, which declares the -22-
natth% Ra&ggeters %r fgrqggtlng tgln%ltl ﬁ%%tlf@bm the

28 “Sach-of &%treans Tn a

xt:ldm: baseredne! gtilonshp @enaratét idradi anJmetcst éﬁarmdlng unit.

More_specifically, the title sequence control i gna

RjesEs 85 | [BEFTE 5N AR TheS B b ohfedtREHS Seriin Paeplcture

diotd £n edidd R0 il 53 5h¥eB) uetaeach Jdddr@dd the sub-picture

mul ti media bitstream MBS, or to control the sequence

Q#chmpgnpentedmedSPEFM§mymg|t@eu#mpq@mx£)timing for sub-

|nterleav ng_th it edl units VOB aof pluyr .

TR B Bache. 1R Db Eatoter Jogtnd Tea3 is che

Bone et dind e gnaur Geeasts egaénem&tfeertma‘ allld csespadiag unit

editor 100 and to the encoding, systemcontroller

%ﬁpe%%’é%e‘f%se?%‘?eﬂ“ﬁoﬁ?h’égvf‘aeoa‘éflf'QaﬁFrgﬁf" gha -
vi deo encoghidly PahaMBt el cSkhadNak o8t Sre T £SNOLLHVE! Yetween the

encoding segments of streams 8tl, St3, and StS5 in the
multimedia source data contained in scenario data St7, the
encoding system controller 200 generates the timing -signals
St21, St23, and St25 arranging the encoded multimedia-encoded
stream in the specified time-base relationship.

The encoding system controller 200 also genexates
the reproduction time information IT defining the reproduction
time of the title editing unit (video okject, 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 informaticn IT and stream enceding data St33
are generated for the video object VOB of each title in one
video zone VZ.

The encoding system controller 200 also generates

the title sequence control signal 8St39, which declares the
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Encodi ng paraneters supplied by the video encodi ng

signal St9 15 include the encoding start and end

timng, bit rate, the encoding conditions for the

encodi ng start and end, and the nmaterial type.

Possi bl e material types include NTSC or PAL video

signal, and tel ecine converted nmaterial. Based on the

vi deo encodi ng paraneter signal St9, the video encoder

300 20 encodes a specific part of the video stream St

to generate the encoded vigheo stream St15. The

sub-pi cture encoder 500 is simlarly connected to the

source stream buffer of the scenario editor 100 and to

the encodi ng systemcontroll er 200, and receives

therefromthe 25 sub-picture stream St3 and

%‘ﬁé&&%? SQEQ%S&B%%@EES mattiny 988! £33k cqiting units

respectively. Based on the sub-picture encoding

poRMster sigmalofSt [dhe t ke rHdki dirur @ epegtddrcu8@E time-base

encodes a _specific part, of_the sub-picture stream St3 .

t’be]g%’e‘?%?’élghé‘s én M&h- i R U e ST ean)'QF E7SPE St ically,

e audi 0 encodes o A Sr&l P somnenstod 10 fhey t30WER rol the

stream buffer of the scenario editor 100 and to the

SR gl eyst ateeeny ofher t200e antl tierei vestehe&Honef each
' udi.o e .S._an udi o encodi pa er

ts‘"{kgtnla?a gtEl 13‘?111é V\/ﬁ}@%ﬁtlgﬁ%ﬁ% Z%l??}%r%ﬁ%ogﬁ% %gj S g?t%tcanc atrol the

erdniemtag. oBasedeonidfetheaaeadi ot entedi agipangneteit (VOBs)

sighal  St13, the_audi o, encoder, 700 encodes a_specifjic

&ﬁge?ﬁe?ﬁ%n%udﬁ§§nr%%ﬁﬁ?ﬁSEédtlﬁﬁuN%ﬂ%FThevg coddy Pplural

HH O SLE €80 $HdOnsThe video stream buffer 400 is
connected to the
The wvideo encoder 300 is connected to the source

stream buffer of the scenario editor 100 and to the encoding
system controller 200, and receives therefrom the video stream
Stl and videco encoding parameter signal St9, respectively.
Encoding parameters supplied by the video encoding signal St9
include the encoding start and end timing, bit rate, the
encoding conditions for the encoding start and end, and the
material type. Posgssible material types include NTSC or PAL
video signal, and telecine converted material. Based on the
video encoding parameter signal St9, the video encocder 300
encodes a specific part of the video stream Stl to generate
the encoded video stream Stl15.

The sub-picture encoder S00 is similarly connected
to the scurce 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
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vi deo encoder 300 and to the encodi ng system

controller 200. 15 The video stream buffer 400 stores

the encoded video stream SthS i nput fromthe video

encoder 300, and outputs the stored encoded video

stream St 15 as the tine-del ayed encoded video stream

St 27 based on the timng signal St21 supplied fromthe
encodi ng system controller 200. 20 The sub-picture

stream buffer 600 is simlarly connected to the

sub-pi cture encoder 500 ands40 the encoding system

controll er 200. The sub-picture stream buffer 600

stores the encoded sub-picture stream St17 out put from

the sub-picture encoder 500, and then outputs the

stored encoded 25 sub-picture stream St17 as

tine-del encoded sub-picture -24- eam $ .
D28 an CEna L PRPRECSGRAr 5 D58 oth | IF P ficuxe eneeding
epaednia e3Y HiRM=00ri1al,| @he?Ghb-Pie-tAlil @rstddam 500 encodes a
buffer 800 is simlarly connected to the audia
cABEFEEIFOPaT 0 F1R EHROBERGUESsFERPEBNEFG) |GG Jperate the

200 T a4l s BANJuITAr SO0, Stores the encoded

o stream St 19 i nput fromthe audi o encoder 700,
and then outns sautthe emcudld al@Po st r 8ARPSIATRERR to the

ti me-del ayed encod audi o, stream St31 b 0RsbN8na to th
tFﬁFﬁ&%ﬂ%ﬁﬁﬁa%i %Eg%ﬁpfle RSt it E%%uﬁéﬁﬁ%ﬁ g?steﬁ e e
centbiley 2P:edOcFhersyseemzancodaid 998cesvesnmdsimecfrom che
to the video stream buffer 400, sub-picture stream

barFér 6UTESAMdPES sBRam e (R REHNT aRA* ERE ERc Sl 513
SYSLem %Qlﬂﬂﬁéﬁru_?@oenc@é‘ﬁné SstLBEPEEEI “aky tSHipld ed Based on

thereby with the tine-del ayed encoded
the audio encoding parameter signal Stl3, the audio encoder
700 encodes a specific part of the audio stream St5 to
generate the encoded audic stream Stil9,

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 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 buffer 600
stores the encoded sub-picture stream Stl7 output from the

gsub-picture encoder 500, and then outputs the stored encoded

sub-picture stream Stl17 as time-delayed encoded sub-picture
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vi deo stream St 27, tine-del ayed encoded sub-picture

stream 15 St 29, tinme-del ayed encoded audi o stream

St3l, and the stream encoding data St33. Note that

the system encoder 900 is a nultiplexer that

mul ti pl exes the tine-del ayed streans St27, St29, and

St 31 based on the stream encoding data St33 (timng

signal) to generate title editing unit (VOB) St35. The

stream 20 encodi ng data St 33 contains the system

encodi ng paraneters, inclp4ing the encoding start and

end timng. The video zone formatter 1300 is connected

to the system encoder 900 and the encodi ng system

controller 200 from which the title editing unit

(VOB) St35 and title sequence 25 control signal St39

(stl rgal:]ng S%Zgin%la)se%r %nr Eﬁgegﬂl#ﬁéy §&HQI_'L| §g23_g§ppItﬂ@d from the

511%€ sequence control sigha t 39-cont ai ns t he

feHdmd indN ey Stk teaandrelride st imddg, and the formatting

paranmeters used to generate (format) a nuliinedi

bi t st r eam MBS %%i%%rﬁ’é‘g‘?ﬁ rr%%? er® 1%’0r[f)ﬂfarfy connected

eAniANgesibhentbals £6b iy cdniche £NEBRiHH35ybten obstroller

video zone VZ in the scenari o sequence defined by the .

\BIEY. bathd emdiihe stirelag Jutfifaice®@BnEEBresi g |Ired audio

ta en te.the edited mult] i t t 4Ben cutputs
b R o B Sr e e e e e

tdie: UsREcdeli pedisc anardon i Stitherasenhet ¢ imrve ded@refer encoded

10 1200. The recorder 1200 processes.the edited ;

AN ProBF ECRT Y ST dEPASS AT 'ONT NELBAPE SoBn G Supplied

fardmte of dA8d 188 odfl dith nsthwpd M eangdothus records

the formatted data stream St45 to the recording .

medi um M NBte syatemhenfghernétfiy is connected” to the wvideo

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 ‘encoded
video stream St27, time-delayed encoded sub-picture stream
st29, time-delayed encoded audio stream St31, and the stream
enceding data St33. Note that the system encoder 900 is a
multiplexer that multiplexes the time-delayed streams St27,
St29, and St31 based on the stream encoding data St33 (timing
signal) to generate title editing unit (VOB) St35. The stream
encoding data St33 contains the system encoding parameters,
including the encoding start and end timing.

The video zone formatter 1300 is connected to the
system encoder 900 and the encoding system controller 200 from
which the title editing unit (VOB) St35 and title sequence

control signal 8t39 (timing signal) are respectively supplied.
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bi t stream MBS recorded to the recordi ng nedium M

contains the 15 volune file structure VFS, which

i ncl udes the physical address of the data on the

recordi ng nmedi um generated by the video. zone

formatter 1300. Note that the encoded nultinedia

bitstream MBS St35 may be output directly to the

decoder to imrediately reproduce 20 the edited title

content. It will be obvious that the output nultinedia

bitstream MBS will not in thss case contain the

volume file structure VFS. Authoring decoder DC A

preferred enbodi nent of the authoring decoder DC 25

used to decode the multinedia bitstream MBS edited by

the -26- authoring encoder EC of the present

i nt i [ pr c f .

e iaE Aotararng e e 1R FOFPr et eELng B0 Dpmaceing

dessrkbeddnetid belromoy tdnd eflee eAeemat DikggpaBamblobes used to

that in the preferred enbodi nent descri bed 5 bel ow t he

nBFPPRBERa (BPEEEFdath BrABIBACHAH b TRR™ &t or ity videe zone

ensodek cEC hSobecotdednest ke eaendi a1 FBdLUMNY: ASvoR) st3s

shown in Fig. 3, the authoring decoder DC conprises a

it PREdVacBirt sPreafPpiodtber sgeeeriscenarpocesdpééngd by the
- L ng_sy. m troller 2300, stream

TS0 e A (e e Sl a 2t i g oniL se2s eo

sgnpratear ehebefifer 2 W0 iaediia Bitfrfeam 2806, sta3.

synchroni zer 2900, videqo decoder 3800 sub-pigturg .

decoder 31087€aldithiBeCdaePiss6a=amsHENEERSPI3EEH, according

vit dle@ndat,as Out it 5 4 &8 MsPah239060,1 AN &4d58nt to the recorder

1200. The recoxrder 1200 processes the edited multimedia

stream data 8St43 to the data stream 8St45 format of the
recording medium M, and thus records the formatted data stream
St45 to the recording medium M. Note that the multimedia
bitstream MBS recorded to the recording medium M contains the
volume file strxucture VFS, which includes the physical address
of the data on the recording medium generated by the video.
zone formattexr 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 cbvious that the output
multimedia bitstream MBS will not in this case contain the
volume file structure VFS.

Authoring decod DC
A preferred embodiment of the authoring decoder DC

used to decode the multimedia bitstream MBS edited by the
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data out put term nal 3700. 15 The bitstream producer
2000 conprises a recording nedia drive unit 20Q4 for
driving the recording mediumM a reading head 2006
for reading the information recorded to the recording
medi um M and producing the binary read signal StS7; a
si gnal - processor 2008 for variously processing the
read 20 signal St57 to generate the reproduced
bitstream St 61; and a reproduction controller 2002.
The reproduction controll er@002 is connected to the
decodi ng. system controller 2300 from which the
mul ti media bitstreamreproduction control signal St53
is supplied, and 25 in turn generates the reproduction
control signals StSS and -2'7- St59 respectively

' d
R I e e

useprdeticaednd deont Smib- pifCltdidh anticaudi@ poFddHASng to the
of the multinmedia title edited by the authorlng 5
Shtoter <EE"GFeSTeprbttcets IRCERPOMANY REdGHerisd reference

CONPEi §es3a S@%ﬁﬂwéﬁégﬂfﬁnéﬂeZﬁpgfégfeéegﬁﬁghﬁgeﬁQddescrlbed
reproduci ng the corresponding scenes (titles). The

seehavi phaeedt dme@iaObit hem=ent FOkS Bhe0§eﬁe@bfe(§he authoring
]%é#% asEéc§Qa£g8 ggtg Lo 1%ge r%uth g d%Foder DC.

e Scénario”Se pre era ¥ Comprises a
keyboard, CRE, @mshiofid origUsi By téiee k%t)dlﬂﬂ:‘ﬂ:.né helecoder bDC
user then i nputs the desired scenario based on the ‘

COMRBNTSOF tthe ™SELREFHE | ApLETEFARNSZRARIT ng 000 Scenario
enedet o EG 1 B8RS ok LUt system controller 2300, stream buffer

2400, system decoder 2500, video buffer 2600, sub-picture
buffer 2700, audio buffer 2800, synchrqnizer 2900, wvideo
decodexr 3800, sub-picture decoder 3100, audic decoder 3200,
synthesizer 3500, video data output terminal 3600, and audio
data output terminal 3700.

The bitstream producer 2000 comprises a recording
media drive unit 2004 for driving the recording wmedium M; a
reading head 2006 for reading the information recorded to the
recording medium M and producing the binary read signal 8t57;
a signal processor 2008 for variously proceséing the read
signal St57 to generate the reproduced bitstream Sté6l; and a
reproduction controller 2002.

The reproduction controller 2002 is connected to the
decoding. system controller 2300 from which the multimedia
bitstream reproduction control signal StS3 is supplied, and

in tuxn generates the reproduction control signals St55 and
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keyboard i nput, the CPU generates the scenario
sel ection data 15 St51 specifying the sel ected
scenario. The scenario selector 2100 is connected by
an infrared conmuni cations device, for exanple, to
t he decodi ng systemcontroller 2300, to which it
i nputs the scenario selection data StSI. Based on the
scenario selection data St51, the 20 decoding system
controller 2300 then generates the bitstream
reproduction control signal 2%t53 controlling the
operation of the bitstream producer 2000. The stream
buf fer 2400 has a specific buffer capacity used to
tenporarily store the reproduced bitstream 25 St61
i nput fromthe bitstream producer 2000, extract the

ess .i.nf ti nd initial n ' | OR. - .
d %t%f SS%%dsrp(escys/cs:t%r#{: Ir%crLt e alelrne% 2: elsé for g»%%%ﬂggﬁ ée(g%ﬁlﬂ Brive unic
anthcgenor w4 kiddstgigpmaic grdodssat a2&H€3. The stream
buffer 2400 is al so connected to the decodi ng system

control l er F5005P%0 GRPcRSST Blhightd ¥R oSt At ure, and

biatetilL BBL-E€QBHEOL £ it @ mat183:maldien SHNCGHY Quiizely %%Oth Sauthoring
connected to the decoding systemcontroller 2300 from

wenstrder E€cairvesepheduygstent bk ozkthopiry eheec$eR DC comprises

cQnt ed in the synch i.zat i on ntrol dat .
SR QAL DOPSVOENE08hI T ORI DU TG, cdFodihing e
leosyeispmrelionk Siaidted o(theldecodi nhsystenaeant sellleertor 2100

232%. Based on this systemclock St79, the deqodi$%
sYEEEM ST I FEF HeD FehdrSt A5t AESBAFeEm 7257 t° the

ShaRdbranGS Ricos@Sprei fic interval and outputs the
read signal St65 to the

The scenaric selector 2100 preferably comprises a
keyboard, CPU, and moniteor. Using the keybocard, the user then
inputs the desired scenario based on the content of the
scenario inputrby the authoring encoder EC. Based on the
keyboard input, the CPU generates the scenaric selection data
8t51 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 StS1.

Based on the scenario selection data StS5i, the
decoding system controller 2300 then generaﬁes the bitstream
reproduction control signal St53 controlling the operation of
the bitstream producer 2000.

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

Stéel input from the bitstream producer 2000, extract the
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stream buffer 2400. 15 Based on the supplied read
signal St65, the stream buffer 2400 outputs the
reproduced bitstream St61 at a specific interval to
the system decoder 2500 as bitstream St67. Based on
the scenario selection data St51, the 20 decoding
system control |l er 2300 generates the decodi ng signa
St69 defining the streamlds for the video,
sub-picture, and audio bitstreans corresponding to
the sel ected scenario, and2utputs to the system
decoder 2500. Based on the instructions contained in
the decoding 25 signal St69, the system decoder 2500
respectively outputs the -29- video, sub-picture, and
audi o bitstreans input fromthe stream buffer 2400 to

t Ldeo 600, - pi buf 18Rd 44
DS HED AP R0, 0 BROLULS, DO AT 004 30 cnca sn
ehspdedmsublptkt wrefsteram St autlencodegraudimd generate

stream 5 St75. The .system decoder 2500 defects the .
pl?’e'é%ﬁfﬁf‘f“oﬁc’n{:irﬁg SR¥ AL SRS andoaeERURAD PrRRESE: 4490 1o also

dsheécthe 8Bt h&Sdec&@Md Uy dtid ddh@aah &Y t3ldeamo which it
St67 to generate the tine information signal St77.

THiRPLiAE FhRfoFRBEFBASSi GREFtSERR EONEFodupplrre$THEG -

the synchr Oghéeégﬁgggokﬁﬂ%gﬂs&BeiQ.GSSHﬁQSteayéaethe decoding
controller 2300 as the synchroni zation control data

St Bdt eBaseot ol Tdn 2 By choonwhathoht costaoleslattee Sy&tem clock
tggéerence SCR contained in the synchronization control data
St81 to set the internal system clock STC and sﬁpply the reset
system clock St79 to the decoding system controller 2300.

Based on this system clock St72, the decoding system
controller 2300 also generates the stream read signaliStGS at
a specific interval and outputs the read signal Sté5 to the
stream buffer 2400.

Based on the supplied read signal St&65, the stream
buffer 2400 outputs the reproduced bitstream Stél at a
specific interval to the system decoder 2500 as bitstream
Ste7.

Based on ﬁhe scenaric selection data 8St51, the
decoding system contrcller 2300 generates the decoding signal
Ste9 defining the stream Ids foxr the video, sub-picture, and
audio bitstreams corresponding to the selected scenario, and
outputs to the system decoder 2500.

Based on the instructions contained in the decoding

signal Sté9, the system decoder 2500 respectively outputs the
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synchroni zer 2900 determ nes the decoding start timng

whereby 15 each of the bitstreans will be arranged in

the correct sequence after decoding, and then

generates and inputs the video stream decoding start

signal St89 to the video decoder 3800 based on this

decoding timng. The synchroni zer 2900 al so generates

and supplies the sub-picture decoding start 20 signa

St 91 and audi o stream decodi ng start signal St93 to

the sub-picture decoder 33290 and audi o decoder 3200,

respectively. The video decoder 3800 generates the

vi deo out put request signal St84 based on the video

stream decodi ng start signal St89, and outputs to the

vi deo buffer 2600. In 25 response to the video out put

request _signal St 84, e_Vi ~30- Fg@pqrom the stream

ot Sﬁfss?hgp&F ggéét?égnﬁgéggq?gﬁgﬁgg#%%gg'decoder

880@exTheovi dea e cadare BRGFE trhas ocdet egbspihgure buffer 2700,

presentation tine infornmation cont ai gg? indhe yidea . sev71,
ut put

SPfe Nt B3 PUffd™ dPEARI €35t %y TR5° Fequest
sheBak sS4 Wehe the |eNGdh Ssof3| hedecaiyededi degiio stream

stream St83 is equivalent to the specified

gr88entation tinme. A video streamequal in length to

‘the speci fied preselfalion e, i, thus.degoded hiribencasion
er )

vi deo deco whi ch out puts the reproduced video
siigealst =Sigl OBT$ 0Oahhe deyridies) zeims8560amd 0DTHe ©of the smallest

sub- pi cture, decoder 3100 simlarly erates
SEBEFPH R butPut S FeYu st SR %f%@ 5 sé?%%g?ﬁ% the time
SUR o rRizGlidE SREM NGe st art ThiigNalimSt Ahroafthiutrput Sgnal St77

to the sub- picture buffer 2700.' In response to Hpe .
dgb-pirrbied oGopibe synchronizer 2900 through the decocding
system controller 2300 as the synchronization contrecl -data
St8l.

Based on this synchronization control data St81, the
synchronizer 2900 deﬁermines the decoding start timing whereby
each of the bitstreams will be arranged in the correct
sequence after decoding, and then generates and inputs the
videc stream decoding start signal §t89 to the video decoder
3800 based on this decoding timing. The synchronizer 2500
also generates and supplies the sub-picture decoding start
signal St91 and audioc stream decoding start signal St23 to the
sub-picture decoder 3100 and audio decoder 3200, respectively.

The video decoder 3800 generates the video output
request signal St84 based on the video stream decoding start

signal St89, and outputs to the video buffer 2600. In

response to the video output request signal S$t84, the wvideo
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request signal St86, the sub-picture buffer 2700

outputs the 15 sub-picture stream St85 to the

sub-pi cture decoder 3100. Based on the presentation

time informati on contained in the sub-picture stream

St 85, the sub-picture decoder 3100 decodes a length

of the sub-picture stream St85 corresponding to the

speci fied presentation tinme to reproduce and supply to

the 20 synthesizer 3500 the sub-picture signal St99.

The synt hesi zer 3500 superd pposes the video signa

St 104 and sub-picture signal St99 to generate and

output the nulti-picture video signal St105 to the

vi deo data output term nal 3600. -31- The audio

decoder 3200 generates and supplies to the audio

buf. £ eL 2800, thee AUdi o it W, J equest, stgnal X B88 Pased qecoder
on the audio stream decodi ng start signal St93. The

aBgPo . batlerviZ@R0 ddwsiontPeNe thesaddiecsbr ¢am JFsentation
to,the ,audi o 5 decoder 3200.. The audi o decoder_ 3200
d‘é%rsaesl%‘?ré?{‘b’ﬁ"‘bf SPRE2IRGH o' Rt - ‘éi"g?O stream St83, and
COi £85PeBRdL RE V 0atbenspeet fiLguPLresent-adl arad iwAen .the length
based on the presentation time information contained

it e aF@cs SteceaMii 3087, sSERERBUtTAS e B8tddagent to the

é@iﬁ&éﬁaﬂke§kh95t38ntﬁg @qdi% g@%@ o%k&%%ﬂ#%@@éfﬂin length
0. 10 It is thus possi F% to reproguce a
user ttef ismeerimed | pedeenbrtdbneamnBSi s nthes -d4¢geded by the

SRR rrYeT AR L M TR cl AP R T rdee sisnal
ssened | 6o the ayhbRekhgegegeder. DC is able to
reproduce the title content desired by the user in the

The sub-picture decoder 3100 similarly generates the
sub-picture output reguest signal St86 based on the sub-
picture dececding start signal St91, and outputs to the sub- -
picture buffer 2700.° In response to the sub-picture output
request signal StB86, the sub-picture buffer 2700 outputs the
sub-picture stream StB85 to the sub-picture decoder 3100.
Based on the presentation time information contained in the
sub-picture stream St85, the sub-picture decoder 3100 decodes
a length of the sub-picture stream 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 video signal
St104 and sub-picture signal St99 to generate and output the

multi-picture video signal St105 to the videc data output

terminal 3600.
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15 desired sequence by reproducing the nmultinedia

bitstream MBS corresponding to-the sel ected scenari o.

It is therefore possible by neans of the authoring

system of the present invention to generate a

mul ti media bitstreamaccording to plural user-defined

scenarios by real 20 tine or batch encoding nultinedia

source data in a manner whereby the substreans of the

smal l est editing units (scenes), which can be divided

into plural substreans, exprgbsing the basic title

content are arranged in a specific tine-base

rel ati onship. -32- The nmultinmedia bitstreamthus

encoded can then be reproduced according to the one

scenario selected fromanong plural possible

scenari 0os. |inieSz8438 POSSADL 636 handarSSehd kQpplies to the

whi | e playback-is in progress, i.e., to select a 5

di &hdienbugEemarpd Catdedprditioc utpuferaatasty Figiipal St88 based

mul tinedia bitstreamacgcording tqQ the e |y :

SePBorEd dushst o Tery " REORARY (Relaly SRBIa] SEEDLLY rne auato

sebeEFeand sheprefisc &t Hic it unadiscenesawhislt@? to the audio

reproducing the title content according to desi{ed th of th

SCBREPAET 38°Pt | The MRt ore=poSern? 20 By RAEANES ot 1FRIT" © ©

auLpaE bnge rsY¥at 808 of o dPfe PFE38Dhy! W UL UbdPi BIKDGresentation

and not only reproduce but to repeatedly- reproduce a ]

nuttinrebraeldi pot cbanPrEBSnitatica tiimee inf qyEtadijorpfcontained in

t hg, aut haring, system.i dji scl 5 p ;

P L LT
St101 to the audio data output terminal 3700.

It is thus possible to reproduce a user-defined
multimedia bitstream MBS in real-time accoxding to a user-
defined scenario. More specifically, each time the user
selects a different scenario, the authoring decoder DC is able
to reproduce the title contént desired by the user in the
desired sequence by reproducing the multimedia bitstream MBS
corresponding to.the selected scenario.

It is therefore possgible by means of the authoring
system of the present invention to generate a multimedia
bitstream according to plural user-defined scenarios by real-
time or batch encoding multimedia source data in a wmanner
whereby the substreams of the smallest editing units (scenes),
which can be divided into plural substreams, expressing the
basic title content are arranged in a specific time-base

relationship.
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entitled and assigned to the sanme assignee as the
present application. DVD An exanple of a digital
video disk (DvD) with only 20 one recording surface
(a single-sided DVD) is shown in Fig. 4. The DVD
recording medium RCL in the preferred enbodi nent of
the invention conprises a data recording surface RS1
to and fromwhich data is witten and read by emtting
25 |l aser beam LS, and a protective |ayer PL1 covering
the data -33- recording sur2ace RS1. A backing | ayer
BL1 is also provided on the back of data recording
surface RS1. The side of the disk on which protective
| ayer PL1 is provided is therefore referred to bel ow
as side SA (commonly "side A"), and the 5 opposite

side (on r Sed) n en be
referﬁed rg&gg épg Q%EK%QQb& e@ﬁhﬁi?%ﬁéﬁ&dlgltgﬁ =h °

vidletoddtsl secording nedilashaméngcansingl esdarfed from among
recordingasurface RSI on only _one, S|d§ such as.t.his
af

R F 2k oPAPAGPHEdi TFRIEE TS cafoH] y=EaP| 3% 0ot change

s £ Sbdednginogla dyayeic diskin 18rbgdetall ade., to select a
illustration of area Cl in Fig. 4 is shown in Flg

th%f thaet t fesHardor eedr dvngnsart AreIRIETRES FoPFrié’dmb‘;"rtlmedla
qp géggag g@gékh& tQEn %"HéHt‘n£E%n£f¥|§@ik¥€ed scenario.

a I Ng as at a 69'0n a f1rst transpar ent
Izweis4&®8o bawsﬁ@la mmwayndmmcaﬂnxﬂﬁﬁkﬁpﬂjpndhrsproduce any

figst transparent Ef eA‘gérg leggsghéqp%}lo%%n%%n&h%ceordlpg

Fordetive SCHES B

to a desired scenario.

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 bitstregm
MBS in real-time.

A detail of the authoring system is discloged
Japanese Patent Application filed September 27, 1996, and
entitled and assigned to the same assignee as the present
application.

DVvD

An example of a digital video disk (DVD) with only
one recording surface (a single-sided DVD) is shown in Fig.
a.

The DVD recording medium RCl1 in the preferred
embodiment of the invention comprises a data recording surface
RS1 to and from which data is written and read by emitting

laser beam LS, and a protective layer PL1 covering the data
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second transparent substrate 4111 of a thickness T2
functions as the backing |ayer BL1, and is bonded to
the first transparent |ayer 4108 by neans of an
adhesi ve | ayer 4110 disposed therebetween. 20 A
printing |ayer 4112 for printing a disk |abel my

al so be disposed on the second transparent substrate
4111 as necessary. The printing |layer 4112 does not
usually cover the entire surface area of the second
transparent substrate 4111 3fbacking |ayer BL1l), but
only the area needed to print the 25 text and graphics
of the disk |abel. The area of second -34- transparent
substrate 4111 to which the printing |layer 4112 is
not forned may be |left exposed. Light reflected from

. 410 t t.hin_fil f
da{ecor% a ¥1 s(1m9 %1Ibl C kjtnlﬁgr eaIfyer;r:) rE ng, %]C? orovided

rec r |ng SUT ace can ore pe

obaertmdwaﬂ:r &5 ddwen | dbebrdsndobuprhbtedswhenTilke side of the
digital video disk is viewed fromside SB. As a

resikt ot re skt RFGHRRF Hooks2YPRePRL §F| PEPYHASCe 6y drherefore
w@la@ar&@a RId %@ﬁo&eég ﬁegrgﬁhl(%mtnbgqy Meagtﬂe; and the

netallic thin filmis an alumnumthin film
ewanpbetelelﬁbtéonhahlch tBGOM$9knEEéS$E§W33¥ﬂ[ﬂQﬂE¥RWidEd) is

thee RLLACLNO J2Yer 4102 phere ngerlod [OLPLLL Mg can video

T8 56t necessary prOV|d ‘“the prin

4312xovekdd®l nenlrdd a sFace af sihglbaekiag rle&)oe:rdlng surface
BL1. A detailed illustration of area C2 in Fig
1BSShBRNOPAY FPEE BL9P) TECRRE | s DR %%%H% ”terfélum RC1 is

COBHRBnly called a single-sided single layer disk.

A detailed illustration of area Cl1 in Fig. 4 is
shown in Fig. 5. Note that the data recording surface RS1L is
formed by applying a metallic thin filmvor other reflective
coating as a data layer 4108 on a first transparent laYer 4108
having a particular thickness T1l. This first transparent
layer 4108 also functions as the protective layer PL1. A
second transparent substrate 4111 of a thickness T2 functions
as the backing layer BL1l, and is bonded to the first
transparent layer 4108 by means of an adhesive layer 4110
disposed therebetween.

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

text and graphics of the disk 1label. The area of second
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contact surface between the first transparent |ayer
4108 and the data | ayer 4109 on side SA from which
data is read by enmtting a |aser beam LS, and data is
recorded by varying the Ilengths of the pits and | ands
(i.e., the length, of the 20 intervals between the
pits). Mre specifically, the pit and |and
configuration formed on the first transparent |ayer
4108 is transferred to the data |ayer 4109. The

| engths of the pits and Lapds is shorter, and the
pitch of the data tracks fornmed by the pit sequences
is narrower, than with a 35 conventional Conpact D sc
(CD) The surface recording density is therefore
greatly inproved. Side SA of the first transparent

I n_whi.ch. . da its.are not forned is a -
R BT oo " TRE SR ena 16 FPantua ot S aBe T b ahay=s 4122
iiss frort rieimdeat GeneMe aEL isxpoddANSPH @ PP cFBECFrom the

fromthe sanme material as the first transparent |ayer
wi tX “Got A*8Pdes™PFAL 1 1Thi EkABssESIM  BAE™FRJar the data

. ﬁ'lé%fo&'rda.bi@/ s@eyal-«aRd C@Méﬂ:@ﬂ’f{ @e!TEE g@é f%yﬁg%& irﬁed where

but the inyention shall not be solimte
&bheDla2bat ol rerdorriisnteddvimn intreadiigtiicnd vhdeosdlbiaces viewed

i eLgbeam, LS and detecti the change jn, the .
FeP T I oT (5% tRE 17 ORE-SB5t. ‘BotalSe PRETY) ckerls like
béAgerapbriter vk candie tid gerdAdebheewayehen@rphs fioat

t he Iig%% beam small in a digital video disk system
TREAiTAITet BT - R Lt Re TR ifght™ shBt 2PBs adddd gy Bhin film, for
eedmped .t o approximately 1/1.6 the |[|ight spot needed

to read a CD. Note that this neans the
Note that it 4is 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. 7

A detailed illustration of area C2 in Fig. 5 is
shown in Fig. 6. Pits and lands are molded to the common
contact surface between the first transparent layer 4108 and
the data layer 4109 on side SA from which data is read by
emitting a laser beam LS, and data is recorded by varying the
lengths of the pits and lands (i.e., the length of the
intervals between the pits). More specifically, the pit and
land configuration formed on the first transparent laver 4108
is transferred to the data layer 4109. The lengths of the
pits and lands is shorter, and the pitch cof the data tracks

formed by the pit sequences is narrower, than with a
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resolution of the |laser beam LS in the DVD systemis
approximately 1.6 tines the resolution of a

conventional CD system 20 The optical systemused to

read data fromthe digital video disk uses a short

650 nm wavel ength red sem conductor |aser and an

objective lens with a 0.6 mm aperture NA By thus

al so reducing the thickness T of the transparent

panels to 0.6 mm nore than 5 GB of data can be 25

stored to one side of a 1204 dianeter optical disk.

-36- It is therefore possib?e to store notion picture
(video) inages having an extrenely large per unit data

size to a digital video disk systemdi sk w thout

losing i mtage quality because the storage capacity of

a single-sided, 5 single-layer recordi ng nmedi um RC1 )
WFPRVEREIGRRA rRTRT TR ﬂ?jS% Fce BT S5 hFfifs T66SES ey density

| SsNepElysben C%&asélyhgmﬁt:g%@e ~capacity of a
conventi onal . As a result, while the video
present at i oAifen®r off &heoAventi brahsEbreystieryes 4108 on which

appr oxi_mat el 74 minutes iLf .image quality is

BRI o TG SRR TS e ) i secome
presespatént sule cextecdd Nyl t Wwe hoiy Sréanftobeekendl dethd is a
to a DVD. The digital video disk is therefore )
VET 72807 T8t aB2 25 1 r 8661 P PretiRentRrBF TREES 1Ptages. te First

gt Sbavideo1 sk fe69rdipg pBALUBY MLLh-PLel 8l rhi8knesses T1
recordi ng surfaces RS as described above is shown in

Fingd T2 argngr8feThblR\VEIvad ornil mpuredi lMRREZ osHiovat sy 0.6 mm,
FB'LQC Jhgom-\;.éé@f’on shall not be so limited.

As with a CD, information is read by irradiating the
surface with é laser beam LS and detecting the change in the
reflectivity of the light spot. Because the objective lens
aperture NA can be large and the wavelength 1 of the light
beam small in a digital video disk system, the diameter of the
light spot Ls used can be reduced to approximately 1/1.6 the
light spot needed to read a CD. Note that this means the
resolution of the laser beam LS in the DVD system is
approximately 1.6 times the resolution of a conventional CD
system.

The optical system used to read data from the
digital video disk wuses a short 650 nm wavelength red
semiconductor laser and an objective lens with a 0.6 mm
aperture NA, By thus also reducing the thickness T of the
transparent panels to 0.6 mm, more than 5 GB of data can be

stored to one side of a 120 mm diameter optical disk.
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two recording surfaces, i.e., first recording surface
RS1 and sem -transparent second recordi ng surface
R52, on the sane side, i.e. side SA of the disk.
Data can be sinmultaneously 20 recorded or reproduced
fromthese two recording surfaces by wusing different

| aser beans LS1 and LS2 for the first recording
surface RS1 and the second recording surface R52. . It
is also possible to read/wite both recording surfaces
RS1 and RS2 using only ongf the |laser beams LS1 or
LS2. Note -37- that recording nedia thus conprised are
call ed "single-side, dual-layer disks." It should

al so be noted that while two recording surfaces RS1
and RS2 are provided in this exanple, it is also. 5
possi bl e to.produce digital videp, disk recordin

nedi a_.
havi ng nor elthaff twe iR EuPt&cés ﬁ§Pﬁﬁfﬁé§%?ﬂsplCtura
CQMUHd SL0i AL S s KRQVWALES anS i@ @il 108t 294 tded ay@it data size
di sks." Though conprising two recording surfaces . .
digni kardigital t Médeecotidingswedea shiowth vhtkPy: ZAotipg image
DVD recordin 10 di um RC3 sho L n: Fi.g. as e
r%ﬁ%%%ﬁ%gqgirlﬁ?%sqgﬁ o%%Sgﬁ % s?%%égﬁggtﬁgﬁd?skfiﬁsle sided.
&indBs-1deeti kelccddtiag reedt dghngcsurdace R8¢ oirts deecording
SA and the second data reqordin% surf.ace ng.%gsngg storage
TN A5V SFAGUS That® WY SRfy tWo g
rQGH M OY SHI § a68S-aheiShaWNceN 088 digedd@ltyiwWrpidSbehe video
disk in this exanple, nore than two recordi ng surfaces '
e SR BRC ben fioire @fon eorvemt LoBRY P Evaite 17 Yeproximately

djgs erﬁ?‘;é"é te i%%eger ‘S%.l%rﬂit@ iU $0w i BiEhdqudiicy video
ItlsaSOpOSSI et
images with a videc presentation time exceeding two hours can
be recorded to a DVD.

The digital video disk is therefore well-suited as
a recording medium for wvideo imagés.

A digital video disk recording medium with plural
recording surfaces RS as described above is shown in Figs. 7.
and 8. The DVD fecording medium RC2 shown in Fig. 7 comprises
two recording surfaces, i.e., first recording surface RSI and
semi-transparent second recording surface RS2, on the same
gide, i.e. side SA, of the disk. Data can be simultaneously
recorded or reproduced from these two recording surfaces by
using different laser beams LS1 and LS2 for the £first
recording surface RS1 and the second recording surface RS2.

It is also possible to read/write both recording surfaces RS1

and RS2 using only one of the laser beams LS1 or LS2. Note
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provi de two separate |aser beans LSl and LS2 for

recording surfaces RS1 and RS2, or to read/wite both

recordi ng surfaces 20 RS1 and RS2 using a single |aser

beam Note that this type of digital video disk is

call ed a "doubl e-si ded, dual-layer disk." It wll

al so be obvious that a double-sided digital video

di sk can be conprised with two or nore recording

surfaces per side. This type of disk is called a

"doubl e- 25 sided, nulti-layer disk." -33- A plan view
fromthe |l aser beam LS irradiation side of the

recordi ng surface RS of the DVD recording nediumRC is

shown in Fig. 9 and Fig. 10. Note that a continuous

spiral data recording track TRis provided fromthe

[ sailde 5 ciécum‘ erence %lo t he outsi%e circugterence of .
tHe DV “The "daf &8t 8c6PAFnGoPPAERSFRAFS GRVIFGEd ISty e -side,
pus Bl 1 8t oassrach  having the sanme known storage

capacity. Note that for sinplicity only the data

recordi ng tfFacRPPRIds aifswks nnekgd thak bt etRaFecerding
t t [ ; [ | G 9050

e e S AR 2 TRy LR IR Whelpfe D1t 40 1o
ook be ingimeluae clitsitdd (Seeardieh PeAprdimgnmehida having
ir;asied endt oint |A at the ifnsi de_circunference of  ced
disK T §¥PhES6arSide ENETREPAIREA A T oL fEETised are
GirfcBif 08 en€in@le t Beadi skm £ D-1 B9edi 8ksREAr Ot at i ng

15 countercl ockwi se RdA. This type of disk RCA is o

cal led a TG sSePREkSingdtvRereeBi thfigSeFagRes similarly

@@Wgﬁth@Eggﬁihﬁ ﬁéﬁi§dsﬁoQ£09QM§¥§;r?pktL@ADVD recording
medium RC2 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 obvious that while
only two receording surfaces are shown on one digital video
disk in this example, more than two recording surfaces may
also be formed on a double-sided digital video disk. As with
the recording medium shown in Fig. 7, it is also possible to
provide two separate laser beams LS1 and LS2 for recording
surfaces RS1 and RS2, or to read/write both recording surfaces
RS1 and RS2 using a single laser beam. Note that this type
of digital video disk is called a "double-sided, dual-layer
disk.n" It will also be obvious that a double-sided digital
video disk can be comprised with two or more recording
surfaces per side. This type of disk is called a "double-

sided, multi-layex disk."
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Dependi ng upon the application, the recording track

TRB may be forned cl ockwi se fromoutside to inside 20
circunference (see arrow DrE in Fig. 10) fromthe

out si de end point- OB at the outside circunference of

disk RCB to the inside end point IB at the inside
circunference of the disk wth the disk RCB rotating

cl ockwi se RdB. Because the recording track appears to

wi nd countercl ockwi se when viewed 25 fromthe inside
circunference to the outsidggcircunference on -39-

di sks with the recording track forned in the direction

of arrow DYE, these disks are referred to as

countercl ockwi se disk RCB with countercl ockw se track

TRE to distinguish them fromdisk RCAin Fig. 9. Note

that track di i QC n r r, s .
pat hs alonggwkﬁgh ?Eéngégﬁ g%an¥%%%€e %éﬁaﬁ%ﬁﬂgémhjmlon side
se@nnhagrthertiagksutsaceersr df nghampl sadaoking medium RC is
Directign of disk rotatjion RJA in which disk RCA turns .

i SPPHEs TPoppssi e Ak K F ect? on BPEEr BBREpEL FOBFARYRRF spiral
diageat i @R Qfraidisk Uafad | ofr RIBs i Nnpybi €84l SkxBRB the inside
turns is thus opposite the 10 direction of track path

DF Brcanfexgregedovitdw cfuttshedsi apgfenfefeeniceuaf - FRgpePVD. The
dj ' [ IS sho ' hn_Ei g,

1588 SRR ek R TS B Fetfppoopgore aen
riegotdpgngthsurdaaceskhonni NsOPpaget exaha ety ONS. Note that for
Specifical ly, 15 cl qckwi se recqording track TRA as , )
ROTRL iR LR yondyi Enfofnsl PROCERGERWEEECH: FBctPORTBMR in Fis.
o8 #hen(khever tnhhr shrdat ackee=diad raWihace JR31, and

a countercl ockw se recording track TRB forned
As shown in Fig. g, the data recording track TR is

normally formed clockwise inside to ocutside (see arrow Dra)
from the inside end point IA at the inside circumference of
disk RCA to the outside end point OA at the outside
circumference of the disk with the disk RCA rotating
counterclockwise RdA. This type of disk RCA is called a
clockwise disgk, and the recording track formed thereon is
called a clockwise track TRA.

Depending upon the application, the recording track
TRE may be formed clockwise from outside to inside
circumference (see arrow DrB in Fig. 10) from the cutside end
point OB at the outside c¢ircumference of disk RCB to the
inside end point IB at the inside circumference of the disk
with the disk RCB rotating clockwise RdB. Because the
recording track appears to wind countexclockwise when viewed

from the inside circumference to the ocutside circumference on
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in counterclockw se direction DrB as shown in Fig. 10

is provided on the (upper) second data recording

surface RS2. 20 As a result, the outside end points OA

and OB of the first and second (top and bottom

tracks are at the sanme radial position relative to

the center axis of the disk RC2o. Note that track

paths DrA and DrB of tracks TR are al so the data

read/ wite directions to disk RC. The first and

second (top and bottom) 25 4gecording tracks thus w nd
opposite each other with this disk -40- RC, i.e., the

track paths DrA and DrB of the top and bottom

recording |layers are opposite track paths. Qpposite

track path type, single-sided, dual-layer disks RC20

rotate in direction RdIA corresponding to the first. 5 . -
BT G U TR TN R (T Tase Benf Lethe qirdetion of
t42nk | bAE, ak8Bg et IfiGHcPat e DR rb@ rbhaee tde teantdirBockwise
track on the first recording surface RS1. Wien the

|Hdt Maamis reanesrehecksiiesi Be2ehdTRBI 7P AStifRguish them
| aser C ref oc t n L Nk, e
seconcflpl ?%%:no%(% n%{]sli)% écée' Rg%??% g%ﬁtgiﬂﬂg&%oé%%?:?gahg PrA and
tthe recer dhag taatk fadm thbohiyr shith tthe decord beam travels
rz_{:ordin surface_uninterrupted, The physj.cal di st

B e THE 182 or PRy £FECES TRRZand 9 he™9 fggfaybac}{'

Didre SELM G 06QKkIrBE 22U bHAREA ROlwi¢h REZIE &TA RusReis thus
i nstantaneously elimnated by sinply adjusting the ]
FERRREIgte 4ket Adreasdprhedm 1xRck t PREDt REPef §F¢t direction of

RASSd Qjo%_a?i% ﬁEBOEpoéhié F&g&% PA L8 thus opposite the
si ngl e-si ded, dual -1 ayer Bl sk RC20 to easily process
igrection c¢f track path DrB.

An exploded view of the single-sided, dual-layer
disk RC2 shown in Fig. 7 is shown as disk RC20 in Fig. 11.
Note  that the recording tracks formed on the two recording
surfaces run in opposite directions. Specifically, a
clockwise recording track TRA as shown in Fig. 2 is formed in
clockwise direction DrA on the (lower) first data recording
surface RS1, and a counterclobkwise recording track TRB formed
in counterclockwise direction DrB as shown in Fig. 10 is
provided on the (upper) second data recording suxrface RS2.
Asg a result, the outside end points OA and OB of the first and
second (top and bottom) tracks are at the same radial position
relative to Ehe center axis of the disk RC20. Note that track
paths DrA and DrB of tracks TR are also the data read/write
directions to disk RC. The first and second (top and bottom)

recording tracks thus wind opposite each other with this disk
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recordi ng tracks di sposed to physically discrete top

and bottomrecording surfaces as a single continuous

recording 20 track. It is therefore also possible in

an aut horing system as described above with reference

to Fig. 1 to continuously record the nultinmedi a

bitstream MBS that is the largest nultinedia data

managenent unit to two discrete recording surfaces

RS1 and RS2 on a single recording medium RC20. -41- It

shoul d be noted that the traecks on recordi ng surfaces

RSI and RS2 can be wound in the directions opposite

t hose descri bed above, i.e., the counterclockw se

track TRB may be provided on the first recording

surface RS1 and the 5 cl ockwi se track TRA on the

feconder ecoid RG-S FA0ENRRZ-n | Dnat BLE 6@Senkh@cp and bottem

direction of disk rotation is also changed to a

EFBEKALEE ﬂ@NQFﬁoﬁrﬁdEpgﬂﬂﬂﬂﬂnﬁnﬁﬁﬁﬂ9¢EP$he t wo

recording cgupLaces (19 be sgd 89 COMISINA. AN "W L1 1ayer

contlnuous ecordi ng ralk SCri above.

«siﬁpbimtzati-@aata 10 cﬁilfédﬂ'e:[oﬁ)(laim|ébfhfeéﬂiﬂarsdiry@e:cﬁ)fthe first
I.S_therefore neither shown nor -described bel ow.

T33P E IR, Sher SR oRSE b S By S PR e S e e e 11 ing along

€ gk alpadden A sl 10480kt NG B AR AL 2Bkt Hd €BAL firse
FIBS for a feature-length title to a single opposite
¥?%%Rdb%ﬁhsvv§écelﬁﬁﬂ¢mlEhsndé@e dasled dym dik-8kreaches the

égégﬁdgbéﬁdtp e hh&,t %‘ga g%tal édggndbg refOﬁused to

mediumis ca a si'ngle-si -Iayer drsk
emypqsﬁintt@nc&npehhsSeéﬁﬁahEEcexaHﬁbesaﬁfhbe RS2 to continue

Slque Slggjré%gi-Lg e%;@ﬂ% from the first to the second
recording' surface uninterrupted. The physical distance
between the recording tracks TRA and TRB on the first and
second recording surfaces RS1 and RS2 c¢an thus be
instantaneously eliminated by simply adjusting the focus of
the laser beam LS.

It is therefore possible with an opposite track path
type, single-sided, dual-layer disk RC20 to easily process the
recording tracks disposed to physically discrete top and
bottom recording surfaces as a single continuous recording
track. It is therefore also possible in an authoring system
as described above with reference to Fig. 1 to continuocusly
record the multimedia bitstream MBS that is the largest

multimedia data management unit to two discrete recording

surfaces RS1 and RS2 on a single recording medium RC2o.
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recordi ng medium RC2 shown in Fig. 7 is shown as disk

RC2p in 20 Fig. 12. The recording tracks forned on

both first and second recording surfaces RS1 and RS2

are clockw se tracks TRA'as shown in Fig. 9. In this

case, the single-sided, dual-layer disk RC2p rotates

counterclockwise in the direction of arrow RdA, and

the direction of |aser beam LS travel is the sane as

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

paths of _42 the top and 410ttom recordi ng surfaces

are mutually parallel (parallel track paths) The

out si de end points QA of both top and bottomtracks

are again preferably positioned at the sane radia

position relative to the center axis of the disk RC2p

5 as described 5@1%%&% A5 aLsosdeser bede akove M thn recording

di sk RC20 shown in Fig. 11, the access point can be

|nsraataaeaaslyndshﬁﬁtednfbﬁanumélde ehd @ernpteﬁn@fopposite
ack TRA o h recordin surf 9

oHESF A SERG pbRR: "ERYBr fr Eok Srifochfibloerack e

reser deng rarifree JRS4 hy ﬁpﬁé@pfciaabeli}lngdjsuﬁiﬂa&ga H81 and the

the focus of the | aser beam LS at outside, end point .

Rlothrdeer trE6F TRR PAseRre hEarPrd ¥%¢€6ﬂ%?ﬁu8g‘§ﬁs‘i‘ce RS2. In

acgess hhe chackwise necordi ng L ack JERA LM & h§1§§ceﬁgnged to

recordi ng surface RS2, the recordlng medi um RC2p rmnust
be CHockensenr©hetgppoR@Be @h¢2@bY0ﬂn§blBekmF§e two recording

ite 15 di t di th |
R RER or T e adBie? bekm CeroROREYS, = o RoTe" continuous

| Refbiairgt thackhanrgaidde- At ivnas . dlno&ctsﬁmpnifihatlon, a
recordi ng medium As shown by the dla%gnal éggrow'

Frarther  eHemPaserothetlit E StV St et ef FTYhrre neither

shown nor described below.

It is therefore possible by thus constructing the
digital video disk to record the multimedia bitstream MBS for
a feature-length title to a single opposite track path type,
single-sided, dual-layer disk RC20. Note that this type of
digital video disk medium is called a single-sided dual-layer
disk with cpposite track paths.

Another example of the single-sided, dual-layer 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. 1In this case, the single-sided, dual-layer
disk RC2p rotates counterclockwise in the direction of arrow
RdA, and the direction of laser beam LS travel is the same as

the direction of the track spiral, i.e., the track paths of
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the outside end point OA of the track on the first
recording 20 surface RSI to the inside end point |A of
the track on the second recording surface RS2 to use
t hese physically discrete recording tracks as one

| ogi cal ly continuous recording track. Rather than
using the recording tracks on top and bottom
recordi ng surfaces as one continuous recordi ng track,
25 it is also possible to use the recording tracks to
record the -43- nultinmedi&2bitstreans MPS for
different titles. This type of digital video disk
recording mediumis called a "single-sided,

dual -l ayer disk with parallel track paths.” Note that
if the direction of the tracks formed on 5 the

thecadd NghSurbaces Bgéo§HQnBS%dﬁ%d%BB0%ﬂéaﬂJEﬂally parallel
descrlbed above, i.e., counterclockw se recording

SFRE T#Ck PEREd, - e kovpride isnd Permtss CPhef both top
aa%o%%ardﬂ%&a%%%cg%eg QQV;grg %gmggly;;gésigfoggge& e same

di sk rotation, mhlc
raﬁh@w @ﬁ%ltmbdNKﬁﬂEﬂlﬂEﬂﬂﬁ)ﬂﬂdﬂﬁ@ﬁﬁﬁi(ﬂkls of the dlsk RC2p
terclog%mnse recordlng tracks, the S|ngle si de
a B

Pe2p Wt hit aPﬁFFEFb?PaE‘EOB twg%ﬁslsk RC20

sae&elrla‘&edmg walil, - siihd edcbesst YditG Qb apsi NHR MHiSheous1iy
encycl opedi a and ‘similar multimedia bitstreans

sBofpECs iFFP™mARG e tend erotmat O&r ef f teaebnm} gnd thes first
r&éB@&%)é gﬁg%éésdaséntsﬁ%%dc ViR ﬁgg %ang.uék St 484 i Tra

singl e-l"ayer DVD recor onpri sing one
orektloe o egpr=dl rﬁmd:ayge&urﬁﬁl:eandz Fﬁz apvreqaeli siddss asjusting
ﬁhognchg EI th% &%s%qp@%a%§lgy2t outgide end poeint OA.
However, for the laser beam LS to continuously
access the clockwise recording track TRA on the. second
recording surface RS2, the recording medium RC2p must be
driven in the opposite direction (clockwise, opposite
direction RdA). Depending on the radial position of the lasexr
beam LS, however, it is inefficient to change the rotational
direction of the recording medium. As shown by the diagonal
arrow in Fig. 12, the laser beam LS is therefore moved from
the outside end point OA of the track on the first recording
surface RS1 to the inside end point IA of the track on the
second recording surface RS2 to use these physically discrete
recording tracks as one logically continuous recording track.
Rather than using the recording tracks on top and

bottom recording surfaces as one continuous receording track,

it is also possible to use the recording tracks to record the
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recording medium RC3s in Fig. 13. C ockw se recording
track 20 TRA is provided on the one recording surface
RS1, and a counterclockw se recording track TRB is
provided on the other recording surface RS2. As in
the preceding recording nedia, the outside end points
QA and OB of the recording tracks on each recording
surface are preferably positioned at the sane 44
radial position relative to the center axis of the DVD
recordi ng medi um RC3s. Nofgzthat while the recording
tracks on these recording surfaces RS1 and RS2 rotate
in opposite directions, 5 the track paths are
symetrical. This type of recording nmediumis

t herefore known as a doubl e-si ded dual |ayer disk

Wi .S tri.cal track ths. This doubl g:sided dual .
P e e B =S e PR A e R BBr s M3 S 5 of LR tvpe of
BRgdiaact-iabo &Rk Whettreadt ag/asund iBJchbBelli 4Stsingle-sided,
recording surface RS1. As 10 a result, the track path
gH2thé ay&gofd sfetditdi mFredrirdc £IRSK RAFHe” opposite

side is oppegitenkhe ;¢ el QR 28 dh highe dheitd a8krmed on
winds, i.e., direction DrA Accessing both recording
thef aeeorRShgandrRS2eashay andiBEp el ¢ agmrodicten Ut described

therefore not realistic jrrespective of WiebNeh aCeess;ormed,
I'S Yg con?'l AUoUS OFf non-contT NUous. J'| r? a&&ﬁ tron, a
Bukki apdi-ac ibhtsdmLais MB% isanzcpar ahet yaseenided diove except

the recording surfaces _on the first and second sides |

BPTt frdedi LkES2E 1T f Bf et Bk FFPF AT PRt h&PdGlb| &2 sFdegrwise as
shhgheplayet.owdikgk RC3 shown in Fig. 8 is shown in '

Fig. 14 as di sk RC3a.

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

An exploded view of the dual-sided single-layer DVD
recording medium RC3 comprising one recording surface layer
RS1 and RS2 on each side as shown in Fig. 8 is shown as DVD
recording medium RC3s in Fig. 13. Cleockwise recording track
TRA is provided on the one recording surface RS1l, and a
counterclockwise recording track TRB is provided on the other
recording surface RS2. As in the preceding recording media,

the outside end points OA and OB of the recording tracks on

each recording surface are preferably positioned at the same
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20 Note that this disk conprises clockw se recording

tracks TRA as shown in Fig. 9 on both recording

surfaces RS1 and RS2. As with the precedi ng recording

medi a, the outside end points OA and OA of the

recording tracks on each recording surface are

preferably positioned at the sane radial position

relative 25 to the center axis of the DVD recording

medi um RC3a. Unli ke -45- the doubl e-sided dual |ayer

disk wwth symmetrical track paths RC3s descri bed

above, the tracks on these recording surfaces RSl and

RS2 are asymetrical. This type of disk is therefore

known as a doubl e-si ded dual |ayer disk with

asymmetrical 5 track paths. This doubl e-sided dua

Jfga@gldl sV 10, asymetyd cal, track paths Rgﬁasr OLat §She pvD

direction RJA when reading/witing the first

recordnng serifiaceRRSE. As a result, the track path on

t he second recor%?ng rface 82 on g opp03|te Si n

i s opposit 8°Ffe WrPect €n ﬁﬁ?%ﬁ the 5t (?n these

#eBdeaihgesurdhtesthon LXB. RST2h|r%t|m@$_nt Bbokfita hagektions,

beam LS is driven continuously fromthe inside

eheclhrsteneaths BFe otyeneerieft eunfBrencEYBR tHe recording

&é&§ﬁmr§goEgk f%%%fQE%WBS%s %pqidh§l Jfégﬁt£@él layexr disk

outside circunference to the insi ci rcunf erence on

Wbt b heyseetomdcrécoraickg pauttfsace TRy doidl esigiededf dubd layer
ecordin can_be read/w.tten w thout

AR RS eV RrERTs08) CEATWRARR T “HERLST (15, ghpection

RS BhOE afda d Dig thes £ W0y Sl E 1 rEe daskipat Barffelce RS1. As
recording surfaces RS1 and RS2 are also the same with

3 Hf&5¢btibl 8PS| Beacuarthagertide skegpr@ recording surface RS2

on the opposite side is opposite the direction DrB in which
the track winds, i.e., direction Dra. Accessing both
recording surfaces RS1 and RS2 using a single laser beam LS
is therefore not realistic irrespective of whether access is
continuous or non-continucus. In addition, a multimedia
bitstream MBS is separately recorded to the recording surfaces
on the first and second sides of the disk.

A different example of the double-sided single layer
disk RC3 shown in Fig. 8 is shown in Fig. 14 as disk RC3a.
Note that this disk comprises cleockwise recording tracks TRA
as shown in Fig. 9 on both recording surfaces RS1 and RS2.
As with the preceding recording media, the outside end points
OA and OA of the recording tracks on each recording surface
are preferably positioned at the same radial position relative

to the center axis of the DVD recording medium RC3a. Unlike
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al so possible to read/wite both sides of the disk

wi t hout providing separate | aser beans for each side

if the recording nediumRC3a is turned over between

sides, and the read/wite apparatus can therefore be
constructed economcally. -46- It should be noted that

this recording nediumremins functionally identica

even if counterclockwi se recording track THE is

provided in place of clockwd8e recording track TRA on

both recording surfaces RS1 and RS2. 5 As descri bed

above, the true value of a DVD system whereby the

storage capacity of the recording nedi umcan be

easily increased by using a nmultiple [ayer recording
Sihbkageunls -BAdZ eehan 1Ykt Adia,apRl tFahbOPScal track paths
whereby plural video data units, plural audio data

uRCes, arF Rl RfERphitdse dararki amithe TecmeRigliies gsurfaces

sigagl g.d are.r rough. ipteractiye . .
onSratTont; the BRepUFRLeeT polrg EBEOEE ffex 1o ehererore
athpeve neal ergklst-andleny) desireaglersofisiar@eich asymmetrical

(programming) providers,  specifically, to provide _ ‘
PRk Rg Beont onfi e h ek o1 ek AR ek with

ShBghReteserd ne-smdigiaid Btk aloc¥eEsi @ASafi®kction RAA when
di fferent |anguage and denographi c groups while
r ERAFAPHY “ERE LngagBeqiiar fE rotording ryupi firde RSdr-enbal 2 result,

Cgﬂgrglra%t€ﬂhp59\/i cl’n%r S’sé-')c].i {@VES gggl}(gl des%ztéaueeSRsz on ﬁhe
have 20 con entlonafly had 10 proguce, ?upp y, and
nepRgeitkeside is opposite the direction DrA in which the track
winds, i.e., direction DrBs.

This means that if a laser beam LS8 is driven
continuously from the inside circumference to the outside
circumference on the first recording surface RS1, and then
from the outside circumference to the inside circumference on
the second re‘cordin§ surface RS2, both sides of the recording
medium RC3a can be read/written without turning the disk over
and without providing different laser beams for the two sides.

The track paths for recording surfaces RS1 and RS2
are also the same with this double-sided dual layer disk with
asymmetrical track paths RC3a. As a result, it is also
possible to read/write both sides of the disk without
providing separate lasex beams for each side if the recording

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

apparatus can therefore be constructed economically.
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inventory of individual titles in nmultiple |anguages,
typically the | anguage of each distribution nmarket,

and multi- rated title packages conformng to the

parental control (censorship) regul ati ons of

i ndi vi dual countries in Europe and 25 North Aneri ca.

The tinme and resources required for this are -47-

significant. While high inmage quality is obviously

i nportant, the progranm ng content nust al so be

consi stently reproducibl e 46The digital video disk

recording nediumis close to 5 solving these

problens. Miultiple angles One interactive operation

wi dely sought in nultimedia applications today is for

the user to be able to change the position from which

a scene |$ ¥Ee“§%o€9&'Qﬂalgck%%TogH%E'QQhPé tJEgording medium
scene. This capability 1s achieve y means of the

nmtaphe afighetfunelilgn. iFhhsinumlt i penanglfe Eomotricomrlockwise

makes possi bl e applicatjons whereby, for ampl e, a ,
RSTOE g at ERAGR baE¥Bal 15 R 190 i  BHARS aif o§ Lockwise

(P8cytat Hal cpaskt r@ASchNpbRe 13cst-adinyMeurdRELAMRS1 and RS2.
freely swtch between the views while viewing is in
progress. |fstAPscekhrpl ebeea bhsebalP Hakee offhé@ DVD system

qﬁﬁ%*é@¥etﬁgggﬁgég§£Iﬁ%§£g¥%¥15¥) ﬂé(¥hé§¥I gFggﬁium can be
backst op centere nt cat her, atter, an pItC er,;
creesilyoimbehanddt bg batkst apmoknipledlapea feebdding surface
t he gétgher %O an tthedgatcheg} aqg °Q§‘£ﬂ§¥%§entfﬂra1 video
1121 5o 8RdArg TPhEWEdReata applicacion v P _
data units, plural audio data units, and plural graphics data
units recorded to a single disk are reprocduced through
interactive operation by the user.

It is therefore possible to achieve one long-
standing desire of software (programming) providers,
specifically, to provide programming content such as a
commercial movie on a single recording wmedium in plural
versions for different language and demographic groups while
retaining the image quality of the original.

Parental control

Content providers of movie and video titles have
conventionally had teo produce, supply, and manage the
inventory of individual titles in multiple languages,
typically the language of each distribution market, and multi-
rated title packages conforming to the parental control

{censorship) regulations of individual countries in Europe and

North America. The time and rescurces required for this are
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to the pitcher and catcher. To neet these

requi renents, the digital video disk system uses
MPEG, the sane basic standard format used with

Vi deo-Cds to record the video, audio, graphics, and

ot her 25 signal data. Because of the differences in
storage capacity, -48- transfer rates, and signa
processi ng performance within the reproduction
apparatus, DVD uses MPER2, the conpression nethod and
data format of which differgslightly fromthe MPEGL
format used with Video-Cds. 5 It should be noted that
the content of and differences between the MPEGL and
MPE& standards have no direct relationship to the
intent of the present invention, and further

RGeS T R BT N
1S 1381B)gratniig dateniséditict iestOf tdiesdDVDIsy St eminsistently

accordln to the present invention is described in
JetRT PIRetrBWewi th reference to Figs. 16, 17, 18, 19,

20, and 21.THl 586806, £COOL TRl o1 FdldYafinGld onah Adtiose to
practical parenta ? | ock 15 pl ayback functlon and

mfETizgdgteeseepecplayback function nust enable the

USEf £%J?Egﬁ¥¥ %he systemoutput in mnor, subtle

ways ITe s presenting substantially the sane

vi deo and awdioiaum$n§ctﬂ¢ethe@erﬁmﬁahionsi@tky sought in

ach%eved géefarin% and recordi ng separate tltles ble t
c?1393% Rl oF2EhB Rah§a92e pes<iH & Tartital “PoR 2P1e o

aAuhABY t khanghes SEEHE R APAGKich a scene is viewed during

reproducticon of that scene. This capability is achieved by

means of the wmultiple angle function.

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

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

signal data. Because of the differences in storage capacity,
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requests, titles that are substantially identical and
differ in only mnor ways nust be recorded to the
recording medium This results in identical data
bei ng repeatedly recorded to the larger part of the
recordi ng nmedium and significantly 25 reduces the
utilization efficiency of the avail abl e storage -49-
capacity. Mre particularly, it is virtually
i mpossible to record discrete titles satisfying every
possi bl e request even usigg.the massive capacity of
the digital video disk nmedium Wile it nmay be
concluded that. this problemcan be easily 5 solved by
i ncreasing the capacity of the recording nmedium this
is an obviously undesirable solution when the

i_ve of,_avai.l abl.e_systemresources._i N
e B e B B Rt RO NHe Sohtage witnin the
wepehdustidesapphedei:n, anob hefe SoiEce) bakovompRe s DYD method

S%%ank It is 10 possible to dynam cally construct
2PE 88 Fof OTBRRUYRGH FHiESRE Sf 1hE LgahEoFakRE MPEGL format

- gaptent cuskn@ghessmal | est  possi bl e anount of dat a,

and thereby effectively utilize the available system
resources (recereivag misgi umpteNbr ehadpediifd catdnytent of and

&Ekkg?ekg%% %%&Jgé |€Medy%% Vwﬁg.ﬂg Emé&jééards have no
variati ons are cons ruc?e rom%a3| C conmon) scene
pereods refantianghigp daf alcOMmteh® €ACHhei phresedtd invention,

nul.ti.- scene periods  conprising groups aof different

d . ¢ ) .
REnEYTEBPTEFORUFRGIPD LReSIGAPTOES FEGEESYS PR nfor more

LRP6OHHELbAN, sd O RIHEELLpbS 1 8RLEiBnsl £86L Y1 2Pd Alaab-13818) .
time select particular scenes fromthe 20 nulti-scene

peri ods t oTHgndai-galsityusengster (e the | PYR system according to

the present invention is described in detailv below with
reference to Figs. 16, 17, 18, 19, 20, and 21.
Multi-scene contreol

A fully functional and practical parental lock
pPlayback function and multi-angle scene playback function must.
enable the user to modify the system cutput in minor, subtle
ways while still presenting substantially the same video and
audic ocutput. If these functions are achieved by preparing
and recording separate titles satisfying each of the many
possible parental lock and multi-angle scene playback
requests, titles that are substantially identical and differ
in only minor ways must be recorded to the recording medium.
This results in identical data being repeatedly recorded to
the larger part of the recording medium, and significantly

reduces the utilization efficiency of the available storage
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conformng to the desired content, e.g., atitle
omtting certain scenes using the parental |ock
control function. Note that nulti-scene control
enabling a parental |ock playback control function
and multi-angl e scene playback - 50 is described in
anot her section belowwth reference to Fig. 21. Data
structure of the DVD system The data structure used in
the authoring systemof 5 a digital video disk system
according to the present iagwention is shown in Fig.
22. To record a nultinedia bitstream MBS, this
digital video disk systemdivides the recordi ng nedi.um
into three nmajor recording areas, the lead-in area LI
the volunme space VS, and the |ead-out area LO 10 The
Jare [ t n
%%?%E%Ferenggéiwg?%gl e Oﬁflch é%ss&gﬁﬁa%%g.$qﬁnglble £
nescrdb@dsmrehereieleacaatnsfwgsg éWQumiﬁQFSibﬁﬁ request even
ar ea osi.tioned at the .in |de
TR0 sPrR BRA=TE0r Ba0H T Plc £ DRLE O SRy (Yl medium.
W}hﬁl@p&ltatrha@ﬁ Bk Eh)@ldl@ﬂ'e(muﬂh@@ t5iappA-df1usn WAEA be easily
reading starts is witten to the lead-in area LI. The
‘F%]a‘de‘éuf’yarlé“é:rf_@ﬁ’sn%oiﬂfl%sﬁéﬁ&l‘:ﬁﬁlﬁ’y carRITEEOTER@Y medium,
éﬂ&élgg &hr8H018£§T ufl gg%a%?%'%@hth%% whé%!tﬂg effective
out si de end points and OB of each track in the
wbsksz@Vdeéablbeeywmbm refsoetes tie Eogsidemadl 10.

Egggrhggn} L mFggg—%ggn%fc%g r%QKUQ%eS %%%ep 5% which is

described in another section below, in a DVD system, it is
pessible to dynamically construct titles for numerocus
variations of the same basic content using the smallest
possible amocunt of data, and thereby effectively utilize the
available system resources (recording medium). More
specifically, titles that can be played back with numexous
variations are constructed from basic (common) scene pericda

containing data common te each title, and multi-scene periods

comprising groups of different scenes corresponding to the

various requests. During reproduction, the user is able to
freely and at any time select particular scenes from the
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.
Note that multi-scene control enabling a parental

lock playback contrel function and multi-angle scene playback
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area LO. The volunme space VS is |ocated between the

| ead-in area LI and | ead-out area LO, and is recorded
as a one- 25 dinmensional array of n+l (where n is an

i nteger greater than -51- or equal to zero) 2048-byte
| ogic sectors LS. The logic sectors LS are
sequential ly nunber #0, #1, #2, .. #n. The volune
space VS is also divided into a volune and file
structure managenent area VFS and a file data
structure area 5 FDS. Theowol une and file structure
managenent area VFS conprises mtl | ogic sectors LS#O
to LS#m (where mis an integer greater than or equa
to zero and less than n. The file data structure FDS
conprises n-mlogic sectors LS #mtl 10 to LS #n. Note

ihadle ddY S dd | £, dald sl £ %éé‘é?oﬁ&?@lgxpsm I‘Pr{@ﬁQPQQéet o Fig.

the nultinmedia bitstream MES shown in Fig. 1 and
2descri bed above. The volune file structure VFS is the

file m f or nqpﬂ@nﬂ the data stored to the

DS R f]t s divided into logic -
sectors LSH( -ad:S#mBaera,a issddiein N elu oS804 O Pstem of
required to store all data needed to manage the

ReRLPHE4i ERISHREFS ¥ HobPHC TS tloe’éget?r‘é‘?\s?nnt invention
lkngﬂawﬁlfH1§£§ t?? f|&83r§E89@d tgllQQ df%(%¥é%tream MEZ,

structure 20 area FDS is witten to the vqune fil
thipuctigrid Al S ateordi vig sYetamkd@wndspechhlmﬁmqndxnﬁﬂmea_am

i§§o'§§h§§§qn§50}5§é%§§ gng areas, the lead-in area LI, the
volume space VS, and the lead-out area LO.

The lead-in area LI is provided at the inside
circumference area of the optical disk. In the disks
described with reference to Figs. 2 ahd 10, the lead-in axesa
LI is positioned at the inside end points IA and IB of each
track. Data for stabilizing the operation of the reproducing
apparatus when reading starts is written to the lead-in area
LI.

The legd—out area LO is correspondingly located at
the outside circumference of the optical disk, i.e., at
outside end peoints 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 this lead-out
area Ld.

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

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



10

15

20

The file data structure area FDS conprises n-mlogic
sectors LS#m - LS#n, each conprising a video nmanager
VMG sized to an integer multiple of the |ogic sector
(2048 x I, where -52- | is a known integer), and k
video title sets VIS #1 - VIS#k (where k is a natura
nunber | ess than 100). The vi deo nmanager VMG stores
the title managenent information for the entire disk,
and information for building 5 a volune nmenu used to
set and change reproductiogycontrol of the entire
volunme. Any video title set VIS #k is also called a
"video file" representing a title conprising video,
audi o, and/or still image data. 10 The interna
structure of each video title set VIS shown in Fig.

B8 | owp i V|deo title set S :
conp%¥§£§m%?szer ornaglon §E& i BTRY” fﬁelxx The logic
fRNagerent arenfesdihid ik foF ﬁ&mbeﬁt#ne disk#2and .t.hetn. The

VT? title video objects VOB (VISTT_VOBS), i.e., the .
BYsT B TR of th% 5 5/l Giifddrs biEEPr eanvothEeyTand file

é@f@&Hﬁkéoﬂaylﬁgmbﬁtdg§%%|Q%% ahil 8t £08leoW, fOldQURA Lre aven
by the VIS title VOBS. The VIS information primarily

F¥2l udes the VTSI nmanagenent table VTSI MAT and

VTSPGC infgﬁggtlggT%?b VTS P T. 20 The VTSment area VES

le gstruc ure ana
nmanagenent SSHIST 25T nfoF REEToR —as

ddreprhtesnal+ist Loghiyr edaftdhe vegeo d4t L@#&Bt (whd>: m is an
t he nunber of sel ectable audi o streans contained in
%qﬁgger greater than or equal to zero and less than n. The
file data structure FDS comprises n-m logic sectors LS #m+1
to LS #n.

Note that this file data structure area FDS
corresponds to the multimedia bitstream MBS shown in Fig. 1

and described akove.

The volume file structure VFS is the file system for

- managing the data stored to the volume space VS as files, and

is divided intc logic sectors LS#0 - LS#m where m is the
number of sectors required to store all data needed to manage
the entire disk, and is a natural number less than n.
Information for the files stored to the file data structure
area FDS is written to the volume file structure VFS according
to a known specification such as IS0O-9660 or ISO-13346.

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

to an integer multiple of the logic sector (2048 x I, where
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video title set VTS, the nunber of sub-pictures, and
the video title set VIS |location (storage address). -
53 The VTSPCC information table VIS PGCI T records
(where i is a natural nunmber) program chain (PGC) data
bl ocks VTS PCCl #1 - VIS-PCGCl #i for controlling the
pl ayback sequence. Each of the table entries VIS PGCl
#i is a data 5 entry expressing the program chain, and
conprises j (where j- is a natural nunber) cel

pl ayback information bl ocks,C PBI #1 - C_PBI #]. Each
cell playback information b ock C PSI # contains the
pl ayback sequence of the cell and playback contro
information. 10 The program chain PGC is a concept ual
structure describing the story of the title content,
and therefore  defines the_structure of each title b

desc i%hi P Thet Tet¥e T bl ayback CEgRNEE: LRoF @ FhHTS B - VIS#k

thera-cal | 55 af endeseil bednbyr detai EnbR! oWy 15 If, for
exanpl e, the video title set information relates to

t he menus, Tire video manhgesevmﬁnﬁ@mmmﬂcnhaﬂﬁitlg management
g %O%QH SI'tl. @fof ethlef e ttr:].gepld?.g aCknge ormatrvﬁﬁufor building

acC ar e user hen pr esses
Iaum:dmm neemeniied] CONHd0lardeWitthod Me@@Pt€ion control of

duri ng pl ayback, the playback 20 device references the
5%?f§%4%§%&¥?ﬁ??%e menu i nformation and display the

top menu #:hn}l fv:tci@: enusS. b hheé q;]@h.&ailscg r@alf@ana rvideo
menu stored as program chain information VIS_PGC #1

iy "berapapsanyetngf or tdtdepleomyyi piessivhdethe avMENY, and/or
letlg.n image data.

The internal structure of each video title set VTS
shown in Fig. 22 is shown in Fig. 16. Each video title set
VTS comprises VTS information VTSI dascribing the management’
information for the entire disk, and the VTS titlé_ video
ocbjects 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 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
information as the internal structure of the video title set
VTS, the number of selectable audio streams contained in the
video title set VTS, the number of sub-pictures, and the video

title set VTS location (storage address) .
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VTS PGCl #2 - #9 may correspond to subnmenus accessed
using the 25 nuneric keypad on the renote control, and
VTS PGCI #10 and - 54 higher nmay correspond to
addi ti onal submenus further down the hierarchy.

Al ternatively, VIS PGCI #1 may be the top nenu

di spl ayed by pressing the MENU button, while VTS PGCI
#2 and higher may be voi ce gui dance reproduced by
pressing the 5 corresponding nuneric key. The nmenus

t hensel ves are expressed .byzthe plural program chains
defined in this table. As a result, the nenus nmay be
freely constructed in various ways, and shall not be
limted to hierarchical or non-hierarchical nenus or
menus 10 contai ning voi ce guidance. In the case of a

novi e, for_.gxa ~1he video titl et .info L on .
VTSI is stgggd%?%%g lﬁ?%&rT%tfﬁ% gﬁﬁgﬁaé&&gd%QE%% records i
wesr | AybDack mitalda, duidhayiack-Ge\Wea d eftigneesa blocks
éhe cell playback sequence described by the program

i FEPEC #1 15 afdSr-EBFFdduttés fae stterptisamtifheplayback
séfldscel of @peRcer: hale By beoakl gk RAd Ricr UL 55 a aata

system stream and are used as access poimts during
PlaphaekerrSesing chne t berefamecheinsedndf gpmpxanpke]j dehere j-

the "chapters” into which ti.tle npay_be divided, 20

ot TRaL: ShcRUBPoFRe SPAC FIFOMRTT o SPRTTELTT PRPSRS C_PBI
#1 -cantra M #50t heeelhl cplaypaskbpeacessbhfaiciber BALERNC prT #5
and a cell information table. The cell playback

nGhS nPORKREFEN TRWRTSRs Ahethroc@dst ngnd  playback
doHcpr Bt OFL ARededh t o

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

If, for example, the wvideo title set information
relates to the menus, the video title set information VTSI is
stored to a buffer in the playback device when playback
starts. If the user then presses a MENU button on a remote
control device, for example, during playback, the playback
device references the buffer to fetch the menu information and
display the top menu #1. If the menus are hierarchical, the
main menu stored as program chain information VTS_PGCI #1 may
be displayed, for example, by pressing the MENU button,
VTS_PGCI #2 -~ #9 may correspond to submenus accessed using the

numeric keypad con the remote control, and VTS_PGCI #10 and
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reproduce the cell, such as the presentation tine and

nunber 25 of repetitions. Mire specifically, this
information includes 5J the cell block node CBM

cell block type CST, seam ess playback flag SPF,
interleaved allocation flag | AF, STC resetting flag

STCDF, cell presentation time C PBTM seam ess angle
change flag SACF, first cell VOBU start address 5

C FVOBU SA, and the last cell VOBU start address

C LVOSU SA. Note that seagnl-ess playback refers to the
reproduction in a digital video disk system of

mul ti medi a data including video, audio, and

sub-picture data without intermttent breaks in the

data or information. Seam ess 10 pl ayback is descri bed

his B L | ct i fer t
e E g P Rh The ool PEnal Mo bE\ FhERiSy Ggm ene
hilreerehypl urslteceht svedpst Vgt ecane #Hiunedsr obal thkodlep menu
dTgelceIeld Iaﬁback, infornmation of each cell in a

fuhctr onal- YbPGER 5*8'% BT PSR it A T SH-RGfer #2 and
hPEEekenf i patdeonoThe cohl abhosk rmde LBMg obyt Ner-dbEsty che
cel | playback information in this sequence contains
CPRESFEPHE IS rHEerilcstkegel | in the block, and the

cel | bIOC&hQPQQ%%%@@ﬁe£Q§1LQ§ta%%'E lé%gggélﬁ% gPe plural

information in sequence contains the val
prhgrhastheéhk dafihed20nbtlotk. tdhke celds B acdsummde ttBVmenus

o f gct%rréell arrasq\{;ed between these first and_| ast
¢8I PS EEREAYNS ATANTE ST AfF TP Hhat2Ys he2BE| Fhpdlgnot be

1rel tebetweall deseh {dd 5t 02N A% eS8 hilda 1t HMdnus or menus
cgkggkhing voice guidance.

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

The "cells" referenced here may be all or part of
the system stream, and are used as access peints during
rplayback. 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 C_PBI
#j contain both cell playback processing information and a
cell information table. The cell playback processing
information comprises the processing information needed to
reproduce the cell, such as the pPresentation time and number

of repetitions. More specifically, this information includes
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The cell block type CST identifies the type of the 25
bl ock indicated by the cell block node CBM For
exanpl e, when -56- a nultiple angle function is
enabl ed, the cell information corresponding to each
of the reproduci ble angles is progranmed as one of
the functional blocks nmentioned above, and the type
of these functional blocks is defined by a val ue
identifying 5 "angle" in the cell block type CBT for
each cell in that block. . Hze sean ess pl ayback fl ag
SPF sinply indicates whether the correspondi ng cel
is to be |linked and pl ayed back seam essly with the
cell or cell block reproduced i nmediately 10
t herebefore. To sean1ess|y reproduce a given cell wth
e preced el | bl ock, e_seanl ess T
qﬁybafkqflggggg 7 esg?%{o eﬁﬁ 2 c%lﬁ: '%yéggk seamlass
|;rnfa;rm¢~1t ore 2y tslpa*t cehteriebhbeawi sE1S&SFHtisonsetld®d Gar, sTc
The interl eaved all ocation flag | AF stores a val ue.
EE Ity Vi 1R/E WRAHFer celd pEpFeatrsien higecoafPdliouseamless
QUngidt el fayed Hlocksalde the cell 81Rar{ofl aBcart address
i nterl eaved block the fl'lag TAF is set to 1;
SIS EeSA L dnd site tlre: Jeh?el STEY ester ¥t repdt ags STCOFOBU_SA.

identifies ethe e mtimne cI ck STC used for
synchronizé¥hon n%s Ip:be rese =530 RASY ?ﬁe cef?§ers che

pleapestibacion ihea degethl ngidde St @.i‘}istﬂem%oel ackt ShEdia data
IS necessary, the STC resetting_flag STCDF is set to
Frodmd s Bideangl @ufiqnge g SABFPLEEIES g dAfitie wWithous

intermittent breaks in the data or information. Seamless
playback is described in detail in another section keiow with
reference to Fig. 23 and Fig. 24;

The cell block meode CBM indicates whether pluxszal
cells constitute one functional block. The cell plavback
information of each cell in a functional block is arranged
consecutively in the PGC information. The cell block mode CBM
of the first cell playback information in this sequence
contains the value of the first cell in the block, and the
cell block mode CBM of the last cell playback information in
this sequence c¢ontains the value of the last c<cell in the
block. The cell block mode CBM of each cell arrayed between
these first and last cells contains a value indicating that
the cell is a cell between these first and last cells in that
block.

The cell block type CRBT identifies the type of the

block indicated by the cell block mode CBM. For example, when
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i ndicating whether a cell in a nulti-angle period
shoul d be 25 connected seam essly at an angl e change.
If the angle change -57- is seam ess, the seanl ess
angl e change flag SACF is set to 1; otherwise it is
set to 0. The cell presentation tinme C _PBTM expresses
the cell presentation tinme with video frane
precision. 5 The first cell VOBU start address C FVOBU
SAis the VOBU start address of the first cell in a
bl ock, and is also expressgd.as the distance fromthe
| ogic sector of the first <cell in the VIStitle VOBS
(VTSTT_VOBS) as neasured by the nunber of sectors. 10
The last cell VOBU start address C LVOBU SA is the
VOBU start address of the last cell in the block. The
al f.this address is expressed.as the distance ,
¥ olie REPE g g e O Iaie o nbes FPEPLERY| HF 1Tl yTenformation
tdcizhiee MERTI{MF T ¥ABSHE ae RASHE R 111 4 B NWHEL Bhogrammed
sectors. 15 The VIS title VOBS (VISTT VOBS), i.e., the
mi e Afa R femcsticedh #drsis aensdercteabrasy. aethe type
WS teBs StFGAR | o ( babSeifyi
a natursa% fnumgﬁéls;\gtﬁg%%%a&w%%%égg%hao %?c?ﬁd{agtlfymg
r'efferlreed o &hea <2Vl dbdoohj entrde (VEB) forEagdclvi dedl in that
Riect VOB #1 - VOB #i 20 conprises at |east one video
ata block interleaved with up to a naxi num ei ght
audi 0 dat a TH@Ckeamldsep daPoddXi FUIEG325pSUBIRIALUN €ndicates
dat a_bl ocks. Each vi deo object VOB conprises q (where

a g§h§r the corresponding cell is to be linked and played back
seamlessly with the cell or cell block reproduced immediately
therebefore. To seamlessly reproduce a given cell with the
preceding cell or cell block, the seamless playback flag SPF
is set to 1 in the cell playback information for that cell;
otherwise SPF is set to 0.

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

The STC resetting flag STCDF identifies whether the
system time clock STC used for synchronization must be reset
when the cell is played back; when resetting the system time
clock STC is necessary,'the STC resetting flag STCDF is set
to 1.

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

connected seamlessly at an angle change. If the angle change
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natural nunber) cells C#l - C#g. Each cell C conprises
r -58- (where r is a natural nunber) video object
units VOBU #1 - VOBU #r. Each video object unit VOBU
conprises plural groups_of pictures GOP, and the
audi o and sub-pictures 5 corresponding to the

pl ayback of said plural groups_of pictures GOP. Note
that the group_of pictures GOP corresponds to the

vi deo encoding refresh cycle. Each video object unit
VOBU al so starts with an NV gack, i.e., the control
data for that VOBU. 10 The structure of the navigation
packs NV is described with reference to Fig. 19.

Bef ore describing the navigation pack NV, the

internal structure of the video zone VZ (see Fig. 22),

i.e., the system stream St35 encoded b he aut hor.in
ol s A 1 TR K G0 1 e e & e AP e o 1,
descébetsav ih i£eferepgeoto Fig. 17.-Note that the

encoded video stream St15 shown in Fig. 17 is the
conpr essed ohee fistenBreRarttdes 8alg CsETRBAMYEHDRE the cell

bbﬁé&ﬂé?@&ﬁgﬂ?ﬁrwf’%- w188, epeofed audi g; gt ream

St19 is |ikew e conpressed one-di nmensional audio
20 dat a st r €gre rfilts plediinydehe stiaght adddelef ©_stvoBEQSA is the

audi channel encode t he audi o. encoder. 700. Not )
N R SRR o | et heS it et g S5 is also
St sdgials B dfkard SOE RS acHall 1b§hand@ltor of the first
surround- sound signal. The system stream (title

eﬁqy%mf%nppevﬁgﬁ &igd e YOBS (VISTT_VOBS) as measured by the

number of sectors.

The last cell VOBU start address C_LVOBU_SA is the
VOBU start address of the last cell in the block. The wvalue
of this address is expressed as the distance from the logic
sector of the first cell in the VIS title VOBS (VISTT VOBS)
as measured by the number of sectors.

The VTS title VORS {(VITSTT_VOBRS) , i.e., the
multimedia system stream data, is described next. The system
stream data VTSTT_VOES comprises i (where i is a natural
number) system streams S8, each of which is referred to as a
"video object" (VOB). Each wvideo object VOB #1 - VOB #i
comprises at least one video data block interleaved with up
tec a maximum eight audioc data blocks and up to a maximum 32
sub-picture data blocks.

Each videc object VOB comprises q (where g is a

natural number) cells CH#l - Ci#q. Bach <ell C comprises r
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25 a one dinensional array of packs with a byte size
-59- corresponding to the logic sectors LS #n having a
2048-byte capacity as described using Fig. 22. A
stream control pack is placed at the beginning of the
title editing unit (VOB) St35, i.e., at the beginning
of the video object unit VOBU. 5 This stream contro
pack is called the "navigation pack NV', and records
the data arrangenent in the system stream and ot her
control information. The engoded video stream St 1S and
the encoded audio stream St19 are packetized in byte
units corresponding to the 10 system stream packs.
These packets are shown in Fig. 17 as packets Vi, V2,
V3, V4... and A, A2, A3.... As shown in Fig. 17,

t hese packets are interleaved in the appropriate,
Gitierber 48 SyQRTHEAT AT 35, VEAES FEPMGTY W peEkBesY #1 -

sioegamr W th consi deration given to the decoder
buffer size and the time 15 required by the decoder to
expand t he BRdleo vhdeaudrbidata wphekeV3BU| ncpherises plural

AL S ' Lg. , thesp t m _1 .
interl eav |%#€ﬂ£gse%%%hcegﬁ?,a€g$ A?%égé, %&? Aﬁ??.PlCtures
Notre ddaindireg sequence shewn imldyigacR7 | rdfer| eawdsi plural
one video data unit with one audio data unit.

S-S Y S BT riEP Ras P TR ngtpl TRk Epictures GOP

CeRaWdphndd Ob SPeed 1 8LOr &k Ngh Phaybaekes@NGycle. Each video
perfornmance i nprovenents in the signal processing LS|
ekdABIE t AeibVIYQREt 8hrPo Feordl piighalaraudivo Pagka dn¢-. the

Rl 1S Wrdy o A eux[glg{ a; g5 aphi cs data) to one video
g .

ata unit in a single interleaved MPEG system stream
and The structure of the navigation packs NV is

described with reference to Fig. 19.

Before describing the navigation pack NV, the
internal structure of the video zone VZ (see Fig. 22); i.e.,
the system stream St35 encoded by the authoring encoder EC
described with reference to Fig. 25, is described with
reference to Fig. 17.___Note that the encoded video stream Stl5
shown in Fig. 17 is the compressed one-dimensional video data
stream encoded by the video encoder 300. The encoded audio
stream Stl9 is likewise the compressed one-dimensional audio
data stream multiplexing the right and left stereo audio
channels encoded by the audio enceder 700. Note that the
audio signal shall not berlimited to a stereo signal, and may
also be a multichannel surround-sound signal.

The system gstream (title editing unit VOB) St35 is

a one dimensional array of packs with a byte size
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25 thereby enable the user to select the specific
audi o data and - 60 sub-picture data to be reproduced
during playback. The structure of the system stream
used in this type of DVD system is shown in Fig. 18
and described below. As in Fig. 17, the packetized
encoded video stream 5 St15 is shown in Fig. 18 as
V1, V2, V3, V4, ... In this exanple, however, there
is not just one encoded audio stream St19, but three
encoded audi o streans St19A St19B, and St19C i nput
as the source data. There are also two encoded sub-
picture streans St17A and St17B i nput as the source
data sub 10 picture streans. These six conpressed data
streams, St15, St19A, StlQB St19C, St17A and St17B
are interl aved to e system stream St 3b.

Th
“des dar'y |%9eﬁ%08§8 ZE@ FAiSRG T8 S e MPEGaVing 2"2048-byte

&ﬁ@@éﬂt@até@rﬁé\ééhlﬁgs ngQHQ_@'flgIOI GUr e, GR-dehngohbect pack
unit _ 15 of conpression. In general, each
difout aFeDi *EUEES GEigurimss et 15her skbde ditdnasenit  (VOB)

af.3an NISC S'Q@%haﬁggﬁﬁﬁlngp%@ frG Q}ﬂﬁb A dLAMBS: ¢ vomu.

conpressed to one able.”"“The 5 rea

mnag@rmrrﬁarrpa;ciqtm chaclesiy | ekl édec mmnagenassicidat pack wvr,
t he relatlonshlp bet ween 20

t ai ni n ex
? er eavlgd(’.[zlS {"3 qaarsrtpaal BTPREEPPREVER 4the haveppmyftream and

bahawaiontamau&ﬁfctﬁeex@{&up of _pictures GOP unit is
based on the video data, changing the nunber of video

franmes per T%Denmdtedch'a»ﬂ@@s stieanfERfarndf thfeencoded audio
stieam gﬁ&@@ﬁ@@ﬂ{:at%ﬂg'éizedwhsb%eé LY Pl s SoEXPLESSE e o the

in ternms of the presentation
gystem stream packs. These packets are shown in Fig. 17 as

packets V1, V2, V3, V4... and A1, A2, A3.... As shown in Fig.
17, these packets are interleaved in the appropriate seguence
as system stream St35, thus forming a packet streaﬁ, with
consgideration given to the decoder buffer size and the time
required by the decoder to expand the videc and audio data
packetg. In the example shcwn in Fig. 17, the packet stream
is interleaved in the sequence V1, V2, Al, V3, V4, A2....
Note that the sequence shown in Fig. 17 interleaves
cne video data unit with one audio data unit. Significantly
increased recording/playback capacity, high speed
recording/playback, and performance improvements in the signal
processing LSI enable the DVD system to record plural audio
data and plural sub-picture data (graphics data) to one video
data unit in a single interleaved MPEG system stream, and

thereby enable the user to select the specific audioc data and
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25 on the digital video disk within a range fromO0. 4

sec. to 1.0 61 sec. referenced to the GOP unit. If

the presentation tine of contiguous plural GOP units

is less than 1 sec., the managenent data packs for

the video data of the plural GOP wunits is interleaved

to a single stream 5 These managenent data packs are
referred to as navigation packs NV in the digital

video di sk system The data from one navigation pack

NV to the packet imredi atelgo -precedi ng the next

navi gation pack NV forns one video object unit VOBU.

In general, one contiguous playback unit that can 10

be defined as one scene is called a video object VOB,

and each video object VOB contains plural video

abject ; Lo ata.s ural, vi.deo gbjects

Y e e R Ao R S R R Sk
vieFreftuse e athd pushedisgrkam uwekdednditsks thpoae DvD system

;généﬂ &g {Qeﬁe data streans are interleaved, the
navigatT on-packg- NP dBPEnPR§thReRePStP8nshi p bet ween

the interlzaved pﬂ@kslﬁySEhélch@gtiQégféEQMQQdabiéeo stream
defined unit known as the pack nunber unit. Each

gioup_df S edn GBRY-s 1hormalVYyr avani ¥3conf4i ni-ng In this
%@@n@(iér,at}%nye‘p r,5 ﬁ@&re OIS Vzllggolgsot dc?‘rtlea.’e%\'{cqéghdl g. io stream
equi val ent to the presentation t1'me required For M19%e

B3 ¥S.akey, tingeopacraiddyatidin packalNy¥ 5siganesabby, and stisc

Is rl eaved wth the nunber of data packets required
P Y Sl B RR A, Bt e ALt ra fncoded sub-

ipifcarir st aitned iahd Be17a input as the source data sub-
picture streams. These six compressed data streams, Stls,
St19%A, Stl19B, Stl19C, Sti7A and Stl17B, are interleaved to a
single system stream St35.

The video data is encoded according to the MPEG
specification with the group_ of pictures GOP being the unit
of compression. In general, each group_of_pictures GOP
contains 15 frames in the case of an NTSC signal, but the
specific number of frames compressed to one GOP is variable.
The stream management pack, which describes the management
data containing, for example, the xrelationship between
interleaved data, is also interleaved at the GOP unit
interval. Because the group_of_pictures GOP unit is based on
the video data, changing‘the number of videc frames per GOP
unit changes the interval of the stream management packs.
This interval is expressed in terms of the presentation time

on the digital video disk within a range from 0.4 sec. to 1.0
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25 interl eaved video, audio, and sub-picture data

packets -62- constituting the systemstreamis

descri bed below iith reference to Fig. 19 As shown in

Fig. 19, the data contained in the systemstreamis

recorded in a format packed or packetized according

to the MPEQR standard. The packet 5 structure is

essentially the sane for video, audio, and sub-

picture data. One pack in the digital video disk

system has a 2048 byte cag§0|ty as descri bed above,

and contai ns a pack header®¥PKH and one packet PES;

each packet PES contains a packet header PTH and data

bl ock. 10 The pack header PKH records the tine at

which that pack is to be sent from stream buffer 2400

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

sﬁmem%ﬁmm%ﬂﬂemn@@em el ni i the pekeseategion time of

L d QLo syneby el zedh pdi eyl sual dala, playhack: THE ., cne
ndar & assumes at"The sy§?en1c ock

mefrerpineeniSCRaks the'ksefenentiee clroakof aatthefnihe eplural GoOp

decoder, operatjon. Wth such di sk nmedia as the

&Rﬁﬁ%ﬂlﬁl o=t 8KV hoRedef I 2Filfe ShaRaGenent specific

to indivi dughe gl SkRl-R%&{h CAALRe ;93?’(993 akd areferred to as

reference clock for the decoder systemis therefore

sepdrartelyn ppavkdedy dg ﬁrteep@wetahea:eléﬁopmsk system. The

c aij esent t| e, st anp -
%a eécgflgnra tgl ‘rL’re St a%p S, PPo hﬁgf E\{Rhl éjhe Cp acg‘ggedlauly
|prdduﬁ4ngﬂmﬁeknﬁxnené*&gémﬁﬁﬁSpuﬁkth(f@fmdecﬂdiﬂgdeo object

unlt The presentation tinme stanp PTS defi nes
JORH o RBnerado BREacor RUPLSdRLaY ortaliel that can

H@ defined as one scene is called a video object VOB, and each
video obkbject 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.

‘When Plural of these data streams are interleaved,
the navigation packs NV defining the relationship between the
interleaved packs must also be interleaved at a defined unit
known as the pack number unit. Each group_of_pictures GOP is
normally a unit containing approximately 0. 5 sec. of video
data, which is eqguivalent to the presentatiocn time required
for 12 - 15 frames, and one navigation pack NV is generally .
interleaved with the number of data packets required for this
presentation time.

The stream management information contained in the

interleaved video, audio, and sub-picture data packets
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25 the packet should be output as the playback out put

after being -63- decoded, and the decoding tinme stanp

DTS defines the tinme at which the video stream shoul d

be decoded. Note that the presentation tine stanp PTS
effectively defines the display start timng of the

access unit, and the decoding tine stanp 5 DTS

effectively defines the decoding start timng of the

access unit. If the PTS and DTS are the same tinme, the

DIS is omtted. The packet ader PTH al so contains

an 8-bit field called the stfeamID identifying the

packet type, i.e., 10 whether the packet is a video

packet containing a video da=a stream a private

packet, or an MPEG audi o packet. Private packets under

the MPEGR standard are data packets of which the - _
CONPEAL AT G f £E8l ySUEFPRedSEPRRATat &5 pdeRkerikefn below with
t hj i t t I pyent i ' d Y, :
U SR S ot Rer P ot ha MR AUt O Bat o S and ¢ adPe contained
subnpitther eysdam; spreeat el packetoreghr Lhesa t feodR@Et packed or

pacggk nd I gackgt. Priva&g packets 1 and 2 each N *
CORPT 1S lgeggc? TOR2ADEr S Pr iT04t BEFE AR dat AR Packes
ar earudbarpr ikake sdakd a1ahe R NEOREAMNFAN B-did, audic, and sub-
sub-stream | D i ndi cati ng whether the 20 recorded data

i SPhGErEeddRA20r SUB- prckuie dacadivhéadudiisicfatdisk system has

defi b [ ' Iped ai a pac
AT e e T o T G
dateadSub PR cdAnd ecdat panketherRief | aedhapaghkef PRH tontains a

3%%3%%%$gg§8§3£THTg%dd%ta?:aali:i%clks. the field to which

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 clcocck reference S8CR
defining the reference time for synchronized audio—visﬁal-data
playback. The MPEG standard assumes that the system clock
reference SCR is the reference clock for the entire decoder
operation. With such disk media as the digital wvideo disk,
however, time management specific to individual disk players
can be used, and a reference clock for the decoder system is
therefore separately provided.

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

the time at which the wvideo data or audic data contained in

the packet should be output as the playback output after being
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25 according to the MPEQ specification is witten if

the stored -64- data is video data; linear PCM AC 3,

or MPEG encoded data is witten if audio data is

stored; or graphics data conpressed by runlength

coding is witten if sub-picture data is stored.

MPEQR2- conpressed vi deo data may be conpressed by 5

constant bit rate (CBR) or variable bit rate (vBR)

coding. Wth constant bit rate codine, the video

streamis input continuousd3y-to the video buffer at a

constant rate. This contrasts with variable bit rate

coding in which the video streamis input

intermttently to the video buffer, thereby 10 maki ng

it possible to suppress the generation of unnecessary

Qﬁa‘i%dép,t fh&@”@ﬁ@%e@b&iﬁétéiﬂgdst\.@rﬁﬂ: a@f@ ts)é 11&@& Che time at

coding can be used in the digital video disk system

Bédals et WPEG idsfeostaeani stoonpt essedewptiedvar i Mbte that the
i ng,,.the data q tity in.each . .

SERHI G0, L8 SRMRINIY ke B SRR, aofiinan g diepray

anch raudiionider adi Nohd | RS d son i f fotg wand cteh:ﬁ:ding time stamp

time-base rel ationship between the video and audio

kdta ‘F§58°FF8F‘rF§n Iptinet &ihsk defrAiMe SFAEtbhdsiening of the

E%E@%@Onﬁhhp.beiﬂﬁgﬂetB@SVEQQOD§gda@gdkﬂed%%%eo%HRgt the DTS

fromthe decoder, do not match. The nethod of

tememiagesynchroni zing 20 the video and audio data is

therefore scrjbed .in detail elow with reference.t.o . .

Fig. 26, b%ﬁlei &% gcsectr iq'beeaaéeb’f iPe?}Ffls@elc&ﬁcﬁd‘é‘esd & 8-pit field

celdedantthet swtenwodingiadheipavhgatdian packelV cype, i.e.,
- 20. Each navigation pack

sfructure is shown in Fig.
K&yegfxgﬁ ghﬁ ﬁ?cgeﬁ.ae.lg Weérd@reqamcket contalning a video data
Stream, a private packet, or an MPEG audio packet.

Private packets under the MPEG2 stan&ard are datsa
packets of which the content can be freely defined. ?rivate
packet 1 in this embcocdiment of the invention is used to carry
audio data other than the MPEG audio data, and sub-picture
data; private packet 2 carries the PCI packet and DSI packet.

Private packets 1 and 2 each comprise a packet
header, private data area, and data area. The private data
area contains an B-bit sub-stream ID indicating whether the
recorded data is audioc data or sub-picture data. The audio
data defined by private packet 2 may be defined as any of
eight types #0 - #7 of linear PCM or AC-3 encoded data. Sub-
picture data may be defined as one of up te 32 types #0 - #31.

The data area is the field to which data compressed

according to the MPEG2 specification is written if the stored
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25 and contains a PCl packet and DSI packet. -65- As
descri bed above, the pack header PKH records the tine
at which that pack is to be sent from stream buffer
2400 to system decoder 2500 (see Fig. 26 ), i.e., the
system cl ock reference SCR defining the reference
time for synchronized 5 audio-visual data pl ayback.
Each PCl packet contains PCl Ceneral Information (PCl
G ) and Angle Information for Non-sean ess pl ayback
(NMSL AG.lI'). The PCl Ceneral, Information (PCl Q)
declares the 10 display £i%e of the first video frane
(the Start PTM of VOBU (VOBU S PTM), and the display
time of the last video frane (End PTM of VOBU (VOBU
E PTM), in the corresponding video object unit VOBU
Wi th system cl ock precision (90 Khz). The Angle

Geftey et Voo rdaNeT- ddarmiaas Pl.aplack <rSMPRNBENACEER data is

t e r . start_addre of the corr ndi
T o R B P r 2 i STLPERERTALRY compressea

&ypresgethcish ddi nyikevrakt ceectiar subrpirtheebagkaniBgstored.
of the video object VOB. Because there are nine or

fewer angl éFFF 1FREPEENPE eV I FRerE Fr TY nE arfifiiwressed by

addieshdes] ar akian eekl)SioDesiinati onp20 AdQressss) coding.
Angle Cell #1 for Non-seanl ess playback
PNVEL #ens canpSHAE t pabestdoddinicon Adelr essiegf Apgeeam is input

CEbk BBy 00 SERTL SR P (ML ARSI s
BBk xGisk,s Sehtth esar Phaybaek tl ifzydraddding Shh_RBlish attte video
Q@%Lgm is input intermittently to the video buffer, thereby
making it possible to suppress the generation of unnecessary
code. Both constant bit rate and variable kit rate coding can
be used in the digital video disk system.

Because MPEG video data is compressed with variable
length coding, the data quantity in each group_of_ pictures GOP
is not constant. The wvideo and audio decoding times also
differ, and the time-base relationship between the wvideo and
audio data read from an optical disk, and the time-base
relationship between the video and audioc 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 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.
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25 Information for Seam ess playback (SM. AGLI). -66-
The DSI General Information (DSI d) declares the
address of the last pack in the video object unit
VOBU, |I. e., the End Address for VOB (VOBU EA),
expressed as the nunber of sectors fromthe begi nning
of the video object unit VOBU. 5 Wile seanl ess

pl ayback is described in detail later, it should be
noted that the continuously read data- units nust be
interl eaved (multiplexed) agsthe system stream | evel
as an interleaved unit ILVU in order to seanl essly
reproduce split or conbined titles. Plural system
streans 10 interleaved with the interleaved unit |ILVU
as the smallest wunit are defined as an interleaved

bl ock. The §%ag1eng§§i Ieayggsbahgeﬁggséméa%ﬁm dhords the

decl ared to se essly repro Stream
i piwe| advedivht bhat heatht s [teaved sund AdofU sasdae buffer 2400

sngléesgega%aﬁ%ait, and éS contains_an Interl eaved ;
Lklt %?ag ( t ?Faﬁ?o?d %??f?}%g 2€Het Hel® thdhe system clock

cosfespandi BER/ (0 O LCEHNIe AYRHJeS tafhe for synchronized
interleaved bl ock. The ILVU flag indicates whether the
ViIdes° - BhFeet dafe WOBWPRSX-n an interl eaved bl ock

and is set gQ . pahen it ls. . WI_S | LVU {1 e
is set to 0. 20 &%en%ﬁ%ﬁ%@océéFgéPsu%%JW f%ﬁi%ggﬁrmatlon
i RQE|@avednd| ackjlea UnformAlDibhagfds deel-afeethlle®s playback

iHQ%QQQEEﬁ@ ther the video object unit VOBU is the

I'as in"the interleaved wunit |LVU. Because the

i nterl eavedrh8i bokL¥bnks-ahhe dalgdtlidn (1 GON! | OUSres the
reading, the Unit END flag is set to 1 if the

display time of the first video frame (the Start PTM of VOBU
(VOBU_S_PTM)), and the display time of the last wvideo frame
(End PTM of VOBU (VOBU_E_PTM)), in the corresponding wvideo
objeét unit VOBU with system clock precision (90 Khz) .

The Angle Information for Non-seamless playback
(NMSL_AGLI) states the read start address of the'corresponding
video object unit VOBU when the angle is changed expressed as
the number of sectors from the beginning of the video object
VOB. Because therxre are nine or fewer angles in this example,
there are nine angle address declaration cells: Destination
Address of Angle Cell #1 for Non-seamless rlayback
(NMSL_AGL_C1_DSTA) to Destination Address of Angle Cell #9 for
Non-seamless playback (NMSL_AGL_CS_DSTA).

Each DSI packet contains DSI General Information
(DSI_GI), Seamless Playback Information (SML_PBI), and Angle

Information for Seamless playback {SML_AGLTI) .
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interleaved wunit ILVU Oherwise the Unit END flag is
set to 0. An Interleaved Unit End Address (ILVU EA)
identifying the address of the |ast pack in the |ILVU
to which 5 the VOBU bel ongs, and the starting address
of the next interleaved unit ILVU, Next Interleaved
Unit Start Address (NT _ILVU SA), are al so decl ared
when a video object unit VOBU is in an interleaved

bl ock. Both the Interl eave_dﬁéJr_lit End Address (ILVU
EA) and Next Interleaved Unit Start Address 10
(NT_ILVU SA) are expressed as the nunber of sectors
fromthe navigation pack NV of that VOBU. Wen two
system streans are seam essly connected but the audio
conponents of the two system streans, are

cont i guous, P& Ul TS F et 8T RE § bRt (S?’%tI&ﬁ;&)afjteéilares the

t healasgeal thi 15s§0E88aNY R RAUSE LPGeaUMLAI WP, i. e.,
to synchronize the audio and video conponents of the

syseeRndthednrrol foni Yige (FRBUcEM , NotRresagd as the number of
NQ0=EA0L! guays t@s%drz%gq%i&lgﬁh%ﬁ O, S fgrent, 3‘.“3%% VORU.

signal's being recordirng w e corresponding

bl ocks. Wt WhaneNTStaslgnal plopbexanplse, dehervbddo 20 detail
f%gme cyqleis&ggrpxin&tel% 33. 33 . nmsec while the 4 4
AE8SHadi'E  FRAne c§El @B RREC FRTo EHEDTEITYF Y read data
re8YRshihQBLZaki QA 2WdLQGHERMAGWE LI QR east QRPIMG hARSm stream
1 and 2, i.e., Audio Stop PTM1 in VOB

(VERBeA STP PEMEptegdamedl ousibp IDMR +m YERerVOB Aseamlessly

?gg g ggzgaéggyﬁggﬁgtéggbiggdtEQEl%g.MMiﬁﬂuEQf ngkgm gtreams
interleaved with the interleaved unit ILVU as the smallest
unit are defined as an interleaved block.
) The Seamless Playback Information (SML_PBI) is
declared to seamlessly reproduce the stream interleavéd with
the interleaved unit ILVU as the smallest data unit, and
contains an Interleaved Unit Flag (ILVU flag) identifying
whether the c¢orresponding video object wunit 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 O.

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

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

for continuous reading, the Unit END flag is set to 1 if the
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- 68 audi o reproduction stopping periods 1 and 2,
i.e., Audio Gap Length 1 in VOB (VOB _A GAP_LEN1) and
Audi o Gap Length 2 in VOB (VOB A GAP_LEN2),
indicating for howlong the audio is to be paused,
are also declared in the DSI packet. Note that these 5
tinmes are specified at the system cl ock precision (90
Khz). The Angle Information for Seam ess pl ayback
(SML_AGLl) declares the read start address when the
angle is changed. Note that_this field is valid when
seam ess, multi- angle cont$dr is enabled. This
address is al so expressed as 10 the nunber of sectors
fromthe navigation pack NV of that VOBU. Because
there are nine or fewer angles, there are nine angle
address declaration cells: Destination Address of
Affgfé cCeren#tlyfbeiSpamtadsiplaybddsy SMBUAGH €heDShArrlieaved

t stination,, Address of Angle Cell #9 for Seanl ess
etk 15 PaRe R S cs B RS RBe 480 hat mdth O

title i s edahed if-&+080v08) eClnid VOBhAN BSdress (ILVU EA)
Interl eaved video objects é}nterleaved title editing -

Ui T35 BY e P eb P et 88 NYCED lantd nawk dacdded TEARgEC which
Q'fhé hefcﬁé?ﬂr %%lga%b% ,' Sﬁ%Ee_tq{]acoglt%Q‘tli IQI : agﬁrg%/geoofdi Stkhe next

encoder A preferred enbodi nent of a digita
siysterd e edr bngteTdgotbr NECE: | Mnwkicthatrhé mulitd nechar Address

AN 20 DL T Y S B0 L0 L 8402 RSSO s voso
iiss discahbastkellewvwid Wi, 25eb8nFicde 25tddiaMdda bBnit Eng
obvi ous that the authoring encoder ECD

Address (ILVU_EA) and Next Interleaved Unit Start Address
(NT_ILVU_SA) are expressed as the number of sectors from the
navigation pack NV of that VOBU.

When two system streams are seamlessly co_nneéted but
the audic components of the two system streams are not
contiguous, particularly immediately before and after the
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 zresult from
different audio signals being recording with the corresponding
video blocks. With an NTSC signal, for example, the video
frame cycle is approximately 33. 33 msec while the AC-3 audio
frame cycle is 22 msec.

To enable this resynchronization, audic reproduction
stopping times 1 and 2, i.e., Audio Stop PTM 1 in VOB

(VOBR_A_STP_PTM1), and Audio Stop PTM2 in VOB (VOB_A_STP_PTM2),

indicating the time at which the audio is to be paused; and
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69 applied to the digital video disk system referred

to below as a DVD encoder, is substantially identical

to the authoring encoder EC shown in Fig. 2. The

basi c difference between these encoders is the

repl acenent in the DVD encoder ECD of 5 the video zone

formatter 1300 of the authoring encoder EC above with

a VOB buffer 1000 and formatter 1100. It will also be

obvi ous that the bitstream encoded by this DVD encoder

ECD is recorded to a digital video disk nediumM The

operation of this DVD encoder ECD is therefore

descri bed below in 10 conparison with the authoring

encoder EC described above. As in the above authoring

encoder EC, the encoding systemcontroller 200

generates control signals St9, St1l, St13, St21,

F931° FoBrO4 381 oRN A" IPRINHARE 16ASt he@BBeRar oS -dafiidio Gap

Stngescs il Ree! hoousar caef rred )edili ﬂgawségy%é@géh 2 in VOB

15 input fromthe scénario~editor 100, and controls

tﬁ%OQLHE@APshEﬁabr 3ﬁ§1csubnplépureosnécdertﬁeoauan is to be
Idi, o, gncoder ALY t he. QVD .enc r

Ekﬁe ?J%cg? et i hed eae?rhl%]@edlln%tt%c%%gn?a tthe %9Ee that these

entoske ra BCDspe €1 Al SAP&L SCheObykbBem edbkkNgrecision (30 Khz) .
instructions of the_authoring encoder EC described 20
above. Spect#%cafPglet helrkdmafeiomedtedi t iSfpnless playback

'(gﬁﬁLﬂéi?ﬁsdeéfQEQQréﬂed@éédsézgrﬁna&@?egémkﬁgﬁogﬁé angle is

ECD similarly describe what source data 1s selected
fotangsd - oNar s (bt téfist ﬁeelslousceadaﬁawnentaeﬂmhgss, multi-

AL AL 8 D 28T L R 25 Pl 8l o
the number of sectorse 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 (SML_AGL_C1 DSTA) to bestination
Address of Angle Cell #9 for Seamless playback
{SML_AGL_C9_DSTA) .

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

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

in Fig. 25. It will be obvious that the authoring encoder ECD
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-70- reproduce the scenario (sequence) intended by the
user. The scenario data St7 of the DVD encoder ECD,
however, further contains such information as: the
nunber of streanms contained in the editing units,

whi ch are obtained by splitting a multi 5 title source
streaminto blocks at a constant tinme interval; the
nunber of audi o and sub-picture data cells contained
in each stream and the sub-picture display tinme and
period; whether the title js a nulti-rated title
enabl i ng parental |ock control; whether the user
content is selected fromplural 10 streans including,
for exanple, multiple view ng angles; and the nethod
of connecting scenes when the angle is switched anong
the multiple viewing angles. The scenario data St7 of

ﬁﬁ?%ﬁﬁ?éﬂ%oﬁﬁ? BED &R0 Vident sites comteol. inHiymIERd oo below
Q% & bbﬁﬁ@n@ghggﬁ yngHEéEﬁ§g§E§l %éeggLéahngggn élgmthoring

Is required to encode t a source stream
spedEa EFy shpghudes Biugh Bnf orTied | basas dhetthelence between

%Q%%% are miltiple an l es or garental control
eat ur es. Wien: nul tpl ESBNIFETFEwAg the BNZbIsEFodafe ECD of
stenaridedakanst ot £ LONM 8 6S oteha 1N Codi RGPt %@Jc%der EC

o% each stream considering data 20 interl eaving an
FREVE ¥R TCapalPR youtfrer skt amdl fonthattiters116P - eath will also

5eNLEOL cuandnuhet fery, 2 s ngction sh be
made bet ween t he precealgﬁg%ﬁdé?%%?%gm%nﬁo%T%g&n@ SHpder ECD
éAcsarAgdsstempc dngralllen 20 eMiskaekdibhi . The operation

i pf i fromthe scenario data St7, and generates )
%ﬁe%%g?e%%aﬁ?@c? For Fatt onSt St RFentd6drngbed below in

panpaeteprs WeGH teed authoring encoder EC described above.

As in the above authoring encoder EC, the encocding
system controller 200 generates control signals St9o, S$tl1l,
St13, St21, $t23, St25, St33, and St39 based on the scenario
data St7 degscribing the user-defined editing instructions
input from the scenaric editor 100, and controls the wvideo
encoder 300{ Sub-picture encoder 500, and audic encoder 700
in the DVD encoder ECD. Note that the user-defined editing
instructions in the DVD enceder 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 similarly describe
what source data is selected from all or a subset of the
source data containing plural titles within a defined time

period, and how the selected source data 1is reassembled to
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71 for encoding control. The encoding information
tabl e and encoding paraneters are described with
reference to Figs. 27, 28, and 29 bel ow. The stream
encodi ng data St33 contains the system 5 stream
encodi ng paraneters and system encodi ng start and end
timng values required by the DVD systemto generate
the VOBs. These system stream encodi ng paraneters
i nclude the conditions for connecting one video
obj ect VOB with those beforgsand after, the nunber of
audi o streans, the audi o encoding 10 information and
audi o Ids, the nunber of sub-pictures and the
sub-picture Ids, the video playback starting tine
infornation VPTS, and the audi o playback starting
gﬁ Fggg |on éPTS TQe title sequence contro
I g 39 suppflggrﬁﬁe SHEERTE d5isishd MBS user.  The

f@maﬁ&tuagdﬂuyts&ﬁmbﬁnéhélﬁbﬁgeﬁgédéﬁcﬁ@@t'ﬁgwéﬁgr further
formatting parameters declaring the reproduction
COTEFBL P nFOrhat t bpramEiontas | ddve mmﬂmmﬁ GrresBesedntained

Ofh tehes Ao enceding B nd_enc
start/end timng gﬁgna ﬂ%ggggfﬁeael é%een 3%3 Hpgtng & multi-
éﬁ@éﬁ%ssaurspeetfeampﬂntooﬁlbhgsvadea gbheamn®t kit interval;

%%Eg g nEntary stream conformng to the
€% b deo g ana FE 2GSt SHETRATHYSS 14848, cghi s contained in
eleartensarygatl I @A | ShOULRYL e tkhe §ids0a trt@.‘ﬁ@ and period;

mﬁ{fer 400 as encoded video stream St1 te th
?ﬁ??%etQ?déétéﬁch%ﬁiSﬂglgenéﬁaeésuﬁthﬂqnﬁ#ﬂxmg parental

I BARRUA, e o standa d
defi ned |%Eﬁ'gb%%§%% §§e5$ IC enco gFéﬁgtgggfﬁPglplural

ﬁﬁmﬂams including, for example, multlple viewing angles; and
the method of connecting scenes when the angle is switched
among the multiple viewing angles.

The scenario data St7 of the DVD encoder EéD also
contains control information on a video object VOB unit basgis.
This information is reguired to encode the media source
stream, and specifically includes such information as whether
there are multiple angles or parental control features. When
multiple angle viewing is enabled, the scenario data St7 also
contains the encoding bit rate of each stream considering data
interleaving and the disk capacity, the start and end times
of each control, and whether a seamless connection should be
made between the preceding and following streams.

The encoding system controller 200 extracts this
information from the scenario data St7, and generates the

encoding information table and encoding parameters required
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-72- via the video encodi ng paraneter signal St9,

i ncluding the encoding start and end timng, bit

rate, the encoding conditions for the encoding start
and end, the material type, including whether the
material is an NTSC or PAL video signal 5 or telecine
converted material, and whether the encoding node is
set for either open GOP or closed GOP encodi ng. The
MPERX2 coding nethod is basically an interfrane coding
nmet hod using the correlati oglbetvveen frames for

maxi mum signal conpression, i".e., the frane being
coded (the target 10 frame) is coded by referencing
frames before and/or after the target franme. However,
intra-coded franes, i. e. , frames that are coded
based solely on the content of the target frane, are
at 2D ISTSEI4EE t 6OREEPE - er r Bhe peogadanoor rdiwertabbe table and
ackcesgk bl i d- st r andam.access) The . ‘
codi ng 1? %%??In%g%g %T‘ﬁ%g&e:%g%é%%] wéLnrpé'l Fﬁ??g)-eélézﬁeao Figs. 27,
ff@neapdi APr hefloane") is called a group_of pictures

GoP. A groug,hof pi.ctures GOP in which coding is closed

conpl etely W thin THat APV ARG 632 "ePpsdineophe system
At gEatipentofli AFUHESaOR «caNEAUNLDanl LARBaGRded W1 o 13 ong
reference 20 to a frane in a preceding or follow ng
(PSHABETBARES O ¢4 MyT the BNE ®¢pfet tre SEERING ¢ the VOBs.
refLes engi fr .gro of picture LS an_ .. .,
"open %Dé%nﬂé%}g % g?% T gg '%E%T T dmpﬁiau%g&leacondltlons
AW etdo@Pchsngg comd yvilad GBRectROWEOMICE HY t&dRPEFefore and

%enp,om%\fleer’ n?.zlm%%rr eg%I raegd}.Qe sptrregaemnsc,e -tZ)_?é- audio encoding
information and audic 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 St29 supplies 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 encoding
start/end timing signal St9, the video encoder 300 encodes a
specific part of the video stream Stl to generate an
elementary stream conforming to the MPEG2 Video standard
defined in ISO-13818. This elementary stream is output to the
video stream buffer 400 as encoded video stream Sti1Ss.

Note that while the video encoder 300 generates an
elementary stream conforming to the MPEG2 Video standard

defined in ISO-13818, specific encoding parameters are input
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of the referenced GOP, generally the GOP preceding the

open GOP. The GOP is often used as the access unit.

For exanple, the GOP nmay be used as the pl ayback

start point for 5 reproducing a title fromthe

m ddle, as a transition point in a novie, or for

fast-forward play and ot her special reproduction

nodes. Hi gh speed reproduction can be achieved in

such cases by reproducing only the intra-frame coded

frames in a GOP or by repr ?ucing only frames in GOP

units. 10 Based on the sub:g cture stream encodi ng

paranmeter signal Stil, the sub-picture encoder 500

encodes a specific part of the sub-picture stream St3

to generate a variable |ength coded bitstream of

bi t mapped data. This variable |ength coded bitstream

datia itheoutpito asnthdianc atethmetbed 5s ppealr €t r gifluding the
St17 tqQ the sub- plct re_stre m buf f er 0. ,..Based
tﬁ@cgﬁ&Fg'eﬁggﬁinga r affe er93|gn P?g Ee au%ﬁ% sneoding

epeadek 14} encodas anspachnbi etpatt anfll &he, audeomaterial type,
stream Sts to generate the encoded audi o data._This

eﬁgg&g@ingugpg ratﬁﬁymséeaépé BSs@8 HHSFharNE%EHVldeO signal

g ee§EéQggrgonggrqgﬁ]ﬁggekgahscéﬁéldeéﬂgrtHﬁehgﬁggdlng mode
io standard defined in SC>13818 AC-3 audi o dat a,

op.sPeMt( [ER@Me idtategr. dYoire QQ’i%\tO!t hfz—:‘lomct1 h@@% enEcABRAS

of encodi ng ud| . t%o l%ordlﬁq:qlgqcl)_ . légﬂpaégslnterframe
are known andcomion avatd He video stream

b Hf:fi&hg‘lﬂethSdC@Qﬂﬁgttﬁﬁe e e a 250 ibdetvesitc ddeme30for maximum
and to_the encodi ng systen1contro||er 200 - 74

signal compression, "i.e. the frame being coded (the target
frame) is coded by referencing frames before and/or after the
target frame. However, 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 ana enable
accessibility from mid-stream (random access). The coding
unit containing at least one intra-coded frame (vintra-frame")
is called a group_of pictures Goﬁ.

A group_of_pictures GOP in which coding is closed
completely within that GOP is known as a "closed GOP. " A
group_of_pictures GOP containing a frame coded with reference
to a frame in a preceding or following (IS0-13818 DOES NOT
LIMIT P~ and B-picture CODING to referencing PAST frames)
group_of pictures GOP is an "open GOP." It is therefore
possible to playback a closed GOP using only that GOP.

Reproducing an open GOP, however, also requires the presence
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The video stream buffer 400 stores the encoded video
stream St15 input fromthe video encoder 300, and
outputs the stored encoded video stream St15 as the
ti me-del ayed encoded video stream St27 based on the
timng signal St21 supplied fromthe 5 encoding
systemcontroll er 200. The sub-picture stream buffer
600 is simlarly connected to the sub-picture encoder
500 and to the encoding systemcontroller 200. The
sub-picture stream buffer. €90 stores the encoded
sub-picture stream St17 input fromthe sub 10 picture
encoder 500, and then outputs the stored encoded sub-
picture stream St17 as tine-del ayed encoded
sub-picture stream St29 based on the timng signa

2 upple f ncodi syste ontroller
é%o§h$hgg§33%8%§ﬁngﬂgﬂa Fer |%h3|%$ aff§csding the open
@ohnected 15 to the audio encoder 700 and to the
encodi ng s¥§ten1controller 200. _The audi o stream

buf f er PorF the &FE6ed SRR 85 tHeaRTSEEs iHpik-  For
éiéﬁﬁi@ﬁ ﬂﬂgl@oﬁnﬁggeﬁe7QQedan Eﬂ@np9u§99E§ SEQ%C point for
encoded audio stream St19 as the tine-del ayed encodé
ZRRIVYT$FF @t St Bal pafsea orhe heddhﬁ,n@ssagnabnsuzaon point in
supplied 2Q.fr th ncqdi n m_.control |l er

The sg;f/stemeﬁcogg]r % |s%%%ﬁ%%b %térthetglde%her special
napresin b de rmddds . SU@&@MC&yéédsféﬁﬂﬂabwfieﬁ 681, be achieved

i%P%h stream buffer 800,. and the encodln% system
cont F8 FEPS50BY STRFPIUCTRS RITHY ey 185pArTa@meherdsy frames

it tah ddee i Ny ded syesl 8059085 25 ¥h HEQ §£r§asl whils.
time-del ayed encoded sub-picture stream?7

Based on the sub-picture stream enﬁodlng parameter
signal sStli, the sub-picture encoder 500 encodes a specific
part of the sub-picture stream $t3 to generate a variable
length coded bitstream of bitmaﬁped data. This vériable
length coded bitstream data is ocutput as the encoded sub-
picture stream St17 to the sub-picture stream buffer 600.

Based on the audio encoding parameter signal St13,
the audio encoder 700 encodes a specific part of the audio
Stream St5 to generate the encoded audio data. This encoded
audio data may be data based on the MPEG1L audio standard
defined in IS0-11172 and the MPEG2 audio standard defined in
£50-13818, AC-3 audio data, or PCM (LPCM) data. Note that the
methods and means of encoding audio data according to these
standards are known and commonly available.

The video stream buffer 400 is connected to the

video encoder 300 and to the enceding system controller 200.
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St 29, tine-del ayed encoded audi o stream St31, and the

system stream encodi ng paraneter data St33. Note that

the system encoder 900 is a multipl exer that

mul ti pl exes the tine-del ayed streans St27, St29, and

St 31 based on the stream encoding data 5 St33 (tim ng

signal) to generate title editing units (VOBs) St35.

The VOB buffer 1000 tenporarily stores the video

obj ects VOBs produced by the system encoder 900. The

formatter 1100 reads the gghqyed vi deo objects VOB

fromthe 10 VOS buffer 1000 based on the title

sequence control signal St39 to generate one video

zone VZ, and adds the volunme file structure VFS to

generate the edited nultinedia streamdata St43. The

nul timedia bitstream MBS St43 edited according _ 15 to

The UsERUet TR seehbrto?P8 FREReSehPet BNFRESFeddiiRet stream

4299. i hpGcr ecORdehe 19908 0665585 148, 8did &itputs the storea

mul'timedia streamdata St43 to the data stream St 45

¢orpdedofvidee stecoamdi iyl freds unhd] tand-tdhlisyedcengdsded video
or ed _data styeam.St45 to the recording .

D B30 R GeRobEF h BT o PRt it P e, £xom the

ehgbiahgvisgeeeti Fontsysitiesp achori ng decoder DCD in

which the nultimedi a bitstream authoring systemof

the presenfTiEnveRP I BACFYT8ppFt Pt oPRILgEgi ¢2P Vidlefimilarly

&&ﬁﬁeéﬂéhegbi§hge§95LqutQQEOWh%QQe§h9wH EﬂdFkg't%é encoding
26. The authoring decoder DCD applied to the digital
gygleegm7gontrollier 200. The sub-picture stream buffer 600
stores the encoded sub-picture streaﬁ St17 input from the sub-
picture encoder 500, and then ocutputs the stored encoded sub-
picture stream St17 as time-delayed encoded sub-picture stream
St29 based on the timing signal 5t23 supplied from the
encoding system controlier 206. |

The audio stream buffer 800 is similarly connected
to the audio encoder 700 and to the encoding system controller
200. The audio stream buffer 800 stores the encoded audio
stream Stl9 input from the audio encoder 700, and thén outputs
the encoded audic stream St19 as the time-delayed encoded
audio stream St31 based on the timing signal St25 supplied
from the encoding system controller 200.

The system encoder %00 is connected to the video
stream buffer 400, sub-picﬁure stream buffer 600, audioc stream
buffer 800, and the encoding system controcller 200, and is
respectively supplied thereby with the time-delayed encoded

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



i0

15

20

25

di sk system referred to bel ow as a DVD decoder DCD

decodes the nultinmedia bitstream MBS edited using the

DVD encoder ECD of the present invention, and

recreates the content of each title according to the

user -defined scenario. It will also 5 be obvious that

the nmultinedia bitstream St45 encoded by this DVD

encoder ECD is recorded to a digital video disk medi um

M  The basic configuration of the DVD decoder DCD

according to this enbodinent  is the sane as that of

the authoring decoder DC” gHown in Fig. 3. The

differences are 10 that a different video decoder

3801 (shown as 3800 in Fig. 26) is used in place of

the video decoder 3800, and a reordering buffer 3300

and sel ector 3400 are di sposed between the video

&é@@dertisrgoid%?ﬁhfesymwéz@ra@@m stNotantfedlt hend the system
I Qnnec ed t 5 sypchron r

%@6%%- d%%Qan t oF?e E d%t téﬁ%%g sﬁgEal h§?1d§“3 system

Elne cazer aicons od ﬂdﬂt&.pﬂ@éﬁﬁ&@ﬁ&r mRCDibSekber eherteime -delayed

descri bed bel ow in conparison with the authoring

§EESFES BE?"deSERPhedRaAbYR! AP SThoRR FRTERE. e%odmg data

he 3DVR 1deGasdes s DD COPPr 5SS rade il bhedia dhidstyeam
producer 2000, Scenario sglecf3r62100 decgdfﬁg (voBs)

§y§ﬁen1controller 2300, stream buffer 2400, system

decoder 25Q0, fer 0,_sub-picture_buffer
2700, audloe%d$$§rbgg% éé%%hﬁbnlzé%i sgoaes the wvideo

dededers 380&ks 2§rbeﬂeéer|m@ Hd esy3d3en, &ﬂboﬁb&tUBeo. The
gg%t%g%q:e?flq.q.ooauxgéaods 7(:71;03 delayed video objects VOB from the
VOB buffer 1000 based on the title sequence control signal
St3s to-generate one video zone VZ, and adds the volume file
structure VFS to generate the edited multimedia stream data
St43. |

The multimedia bitstream MBS St43 edited according
to the user-defined scenario is then sent to the recorder
1200. The recorder 1200 processes the edited multimedia
stream data St43 to the data stream St45 format of the
recording medium M, and thus records the formatted data stream
St45 to the recording medium M. -
DVD_ decoderx

A preferred embodiment of a digital wvideo disk
system authoring decoder DCD in which the multimedia bitstream
authoring system of the present invention is applied to a

digital video disk system is described below and shcocwn in Fig.

26. The authoring decoder DCD applied to the digital video
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decoder 3200, selector 3400, synthesizer 3500, video
data output term nal 3600, and audi o data out put
term nal 3700. The bitstream producer 2000 conprises a
recording nedia drive unit 2004 for driving the
recording mnrediumM a 5 reading head 2006 for reading
the information recorded to the recordi ng nedium M and
produci ng the binary read signal St57; a signa
processor 2008 for variously processing the read
signal St57 to generate th% reproduced bitstream St61;
and a reproduction contr6l’fer 2002. 10 The
reproduction controller 2002 is. connected to the
decodi ng system controller 2300 from which the
mul ti media bitstreamreproduction control signal St53
is supplied, and in turn generates the reproduction
ot GIY Highal 2= BSSakd St B rasped@Vvelgcoder DCD, decodes
traklis he.r. r.di.n dig.drive unit _15_ (notor
3004 g Sk PR B0 521 B5 Rt gne oVE a8k er s
gfercigefprete vt dEByestiboPp| ChidAC reapdataddichPHIHUITE of each
gt ghe multimedia title edited by the authoring .
AESFe A ECH T e otk eds ST nee ALPREr PAgNAE&6der ISCWill also

BeMpPE$8%s anseepaLi Auselacker 2%99t£95m3§£§$té§<90$€g by this
rggrodu0|ng the 20 corresponding scenes (titles). e
B¥enarredsel BEPols21000rghéntous plisi tdk welectdosk medium M.

b, o5 BRI LR A deesl BB Dlfocer oo
fReybodidg CGRYJ, tand nafbddimerlsSi AG thee kephRards Wt of the
géﬁ% thgn dFS pruts the desired scenario _based on the
EOREBAT RS 9P dsg.PC shown in Fig. 3. The differences are
that a different video decoder 3801 (shown as 2800 in Fig. 26)
is used in place of the video decoder 3800, and a reordering
buffer 3300 and selector 3400 are disposed between the video
decodex 3801 and synthesizer 3500. |

Note that the selector 3400 is connected to the
synchronizer 2900, and is controlled by a switching signal
S5t103.

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

As shown in Fig. 26, the DVD decoder DCD comprises
a multimedia bitstream prqducer 2000, scenario selector 2100,
decoding system controller 2300, stream buffer 2400, system
decoder 2500, vided buffer 2600, sub-picture buffer 2700,
audio buffer 2800, synchronizer 2900, wvideo decoder 3801,

reordering buffer 3300, sub-picture decoder 3100, audio
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scenari o i nput by the DVD encoder ECD. Based on the
keyboard input, the CPU generates the scenario
selection data St51 specifying the selected scenario.
The scenario selector 2100 is connected to the
decodi ng system controller 2300 by an 5 infrared
communi cations device, for exanple, and inputs the
generated scenario selection data StSi to the decoding
system controller 2300. The stream buffer 2400 has a
specific buffer capacity_gggd to tenporarily store
the reproduced bitstream Std input fromthe

bit stream producer 2000, extract the volune file
structure VFS, the initial synchronization data SCR
(systemcl ock reference) in each pack, and, the VOBU
control information (DSI) in the navigation pack NV,
1BcOogeferm ¢ + heehrrsrreaht Tont FERtHEEAZSE63: S The video data

stegam buffer .35524Q0 | %c?lag;gj&goorght%gi \?ﬁﬂf%ﬁdg h€rminal 3700.

decodi ng system controller It supplies
t he gener attée Bittsttresm qonidwtexlat ao o St68prBased a0nrecording

thg.scgnario sel ection data_St51 su glied bé,the ,
BTBhar PG *I8 &6 Zflclfo,f‘f%ed’a’e‘é’o’a?ng §yEEERTEoRer B M7 =2
2024308 hben geperabesrile: bitshd eald A OdUS I+ brded to the
control signal St53 controlling the operation of the

B EStream predutet! 2080erodkelne ot iyt st erpad signal Se57;
. al ; - i .
QOQE%glaJlerpgg’QQs QJ;§O 23%@ ajfgc%%mxftgﬁéggg&gt g:géaaegslng the read

pl ayback i'nstruction data It am
sepratdugtF@ntooptnelrasiegnak SebIpdareddgbiesatresnt [$&61l; and a

:ggcqgin t25 iggorggagon table required for decoding
RO TRPs SopgFolliexr 2002. :

The reproduction controller 2002 is connected to the
decoding system controller 2300 from which the multimedia
bitstream repréduction control signal St53 is suppliéd, and
in turn generates the reproduction control signals St55 and
St59 respectively.controlling the recording media drive unit
{motor) 2004 and signal processor 2008.

So that the user-defined wvideo, sub-picture, and
audio portions of the multimedia title edited by the authoring
encoder EC are reproduced, the authoring decoder DC comprises
& scenario selector 2100 for selecting and reproducing the
corresponding scenes (titles). The scenario selector 2100
then outputs the selected titles as scenario data to the DVD
decoder DCD. -

The scenario selector 2100 preferably comprises a

keyboard, CPU, and monitor. Using the keyboard, the user then

inputs the desired scenario based on the content of the
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decoding information table is described further bel ow
wth reference to Figs. 26 and 32. The decodi ng
systemcontroller 2300 also extracts the title

i nformation recorded to the optical disk Mfromthe
file data structure area FDS of the 5 bitstream
control data St63 to generate the title information
signal St200. Note that the extracted title
information includes the video manager VM5 VTS
information VTSI, the PGC _information entries C PB
#), and the cell presentarléﬁ time C PBTM 10 Note
that the bitstreamcontrol data St63 is generated in
pack units as shown in Fig. 19, and is supplied from
the stream buffer 2400 to the decoding system .
controller 2300, to which the stream buffer 2400 is
carrectied. infhe: synciireoMivZeern29@@ i £Coonndsted o the keyboard

decodi ng stem control |l er 2300 from wh
ﬁ&ﬁﬁ%@st?ﬁquﬁn%ﬁﬁ%?%%ﬁs FEFeré??f%iﬁ?con?aFﬁéa'data sesi
%@%dﬂﬂ¥¥ﬂénﬂﬂgnéé¥édﬁgﬁ'éyedyﬁﬁb Str8k teefgbkibhgelector 2100
i nternal system clock STC and supply the reset_ system

dlsockomrgoted tise e odrAFIEYTt EYICHT r%?IP*éJFO%%%B 2300 by an
g %Q:daxoé‘ht{' %g%s@}gwche@azg the decadiing susieMputs the

control SO generatés the stream read
agreaiats‘dcﬁfscmnazaics pedidd i dmidatwealscdid toutbat dech@ing system
read signal St65 to the stream buffer 2400, Note that
et Thit29%h this case is the pack. The method of

generati ng fhe Sddadn r ead id-gnalaodt 65as25al Sspecific buffer
descri bed next. -80- .
capacity used to temporarily store the reproduced bitstream
Stél input from the bitstream producexr 2000, extract the
vciume file structure VFS, the initial synchronization data
SCR (system clock reference) in each pack, and the VOBU
control information (DSI) in the mnavigation pack NV, to
generate the bitstream control data Sté3. The stream buffer
2400 is also connected to the deceoding system controller 2300,
to which it supplies the generated bitstream contrel data
Ste3.

Based on the scenaric selection data St51 supplied
by the scenarioc selector 2100, the decoding system controller
2300 then generates the bitstream reproduction control signal
St53 contreolling the operation of the bitstream producer 2000.
The decoding system controller 2300 also extracts the user-
defined playback instruction data from the Dbitstream
reproduction control signal St53, and generates the decocding

information table reguired for decoding control. This
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The decodi ng system controller 2300 conpares the
system cl ock reference SCR contained in the stream
control data extracted fromthe stream buffer 2400
with the system clock St79 supplied fromthe
synchroni zer 2900, and generates 5 the read request
signal St65 when the systemclock St79 is greater
than the system cl ock reference SCR of the bitstream
control data St63. Pack transfers are controlled by
executing this control prgcess on a pack unit. Based
on the scenario selection data StEl, the 10 decodi ng
system control | er 2300 gener at es t he decodi ng sigha
St69 defining the streamlds for the video,
sub-picture, and audio bitstreans corresponding to
the selected scenario, and outputs to the system
decoddn 500t oifreniant kebéecas alescplioedl fagdher below with

audi.o_tracks i \panese, Engl i sh,
EFgﬁEﬁhcghgbelgﬁhe? Faﬁg%ggeéphandaﬁfur ar =Ysed controller
sabopi £l &b € edtacks ot heultidileesihbordapabBaserecorded to the
En gllsh French, and/or other |anguages, for exanple
iSereCd DM X% Yrrdft b edBR20FCERS ARy i FDS of the

BE@Q'&%.»eaﬁ&Sc@ﬁi%'lbagtébg}fgs"‘t& deleiencenda fife ﬂr?iormatmn
a 20 streamID is assigned to the video data and MPEG

amqnelda‘%tawo and Nosebshesanthd® |escta;sas:|t@rqiedtt-eltehemformatlon
IQICtuEgedgggéoﬁm} aUdeGda6§S 1 e?%ag%onde%gI the PGC

navi gat 1 on— pack IFhf or rat | on. e user
ﬂﬁédrm&\t&bnb&na:\bak% af reresg | Rnawieece1 1 ardsait ooion time
sel ect the |anguage of the audio and/or 25 subtitles
he scenario selector 2100. If English - 81

Nete that the Dbitstream control data Steé2 is
generated in pack units as shown in Fig. 19, and is supplied
from the stream buffer 2400 to the decoding system controller
2300, to which the stream buffer 2400 is connected.

The synchronizer 2900 is connected to the decoding
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 8t79 to the decoding system controller 2300.

Based on this system clock St79, the decoding system
controller 2300 alsc generates the stream read signal Stée5 at
a specific interval and outputs the read signal Sté65 to the
stream buffer 2400. Note that the read unit in this case is
the pack.

The method of generating the stream read signal Sté5S

is described next.
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| anguage audio is selected, for exanple, the ID
corresponding to the English audio track is sent to

t he decoding system controller 2300 as scenario

sel ection data St51. The decoding systemcontroller

2300 then adds this IDto the decoding 5 signal St69

output to the system decoder 2500. Based on the

i nstructions contained in the decoding signal St69,

the system decoder 2500 respectively outputs the

vi deo, sub-picture, and aughQ bitstreanms input from

the stream buffer 2400 to the video buffer 2600,

sub-pi cture buffer 2700, 10 and audi o buffer 2800 as

t he encoded video stream St71, encoded sub-picture
stream St 73, and encoded audi o stream St75. Thus,

when the strea nput fromthe scenario | ect

2100 and ¢ AR TEL T pdY =P PO CHE Sy in BafPopcrpares the
%@QQeﬁmdibcﬁh§e§¥§éﬁﬂbd@@ﬂd%bﬁ%ﬂ%hé&”£HtShbh%tream control
correspondi ng 15 packs to the respective buffers

grre. et sheieol Bomf ehe260Feams i ffieX P €0BuiEh the system
gmk agd ag%m&f @LOM@ S}Ibfhégé;p%}df&@aieraéé%oenerates

etects t sentation I e and decodi ng
thﬁenﬁaﬂnréﬂﬁhsﬂ shgnsmabtestwhannwhé ﬂpstemncéack St79 is

bltstrea St67 to enerat t he t| 20 |nfor;$§ .
FGR&F =St SRt Sl G 77 it bitstrean

&uaahsbaddaeat @es§yn®lardwusahs%%% bheough: +6e1de0odidigcut ing
stem controller ,2300 as the synchroni zation contro

8 f8§ CSRG¥OlRRFAFHF O & SAtehrarizat i on control data
St81, the 25 Synghrqy eécégggéget%ﬂé‘@foﬁh%ata St51, the

decodi ng start timng
decoding system controller 2300 generates the decoding signal

Ste? defining the stream Ids for the video, sub-picture, and
audio bitstreams corresponding to the selected scénario, and
ocutputs to the system decoder 2500.

When a title contains plural audiec tracks, e.g.

~audio tracks in Japanese, English, French, and/or other

languages, and plural sub-picture tracks £or subtitles in
Japanese, English, French, and/or other languages, for
example, a discrete ID is assigned to each oﬁ the language
tracks. As described above with reference to Fig. 19, a
stream ID is assigned to the video data and MPEG audic data,
and a substream ID is assigned to the sub-picture data, AC-3
audio data, linear PCM data, and navigation pack NV
information. While the user need never be aware of these ID
numbers, the user can select the language of the audio and/or

subtitles using the scenario selector 2100. If English
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each of the bitstreans will be arranged in the correct
sequence after decodi ng, and then generates and inputs
the video stream decoding start signal St89 to the
vi deo decoder 3801 based on this decoding timng. The
synchroni zer 2900 5 al so generates and supplies the
sub-pi cture decoding start signal St91 and audi o
stream decodi ng start signal St93 to the sub-picture
decoder 3100 and audi o decoder 3200, respectively. The
vi deo decoder 3801 generag%é_xhe vi deo out put request
signal St84 based on the video stream decodi ng start
10 signal St89, and outputs to the video buffer 2600.
In response to the video output request signal St84,
the video buffer 2600 outputs the video stream St 83
o the video decoder _  3801. The video decoder 3801 ]
ROS & e A e SpPEL &Rt AL 0 OTt PR Phfor WREi BH corresponding
E@“ﬁﬁ&eﬁngmigﬂeaWdyﬂ)é%é@@nhgt%%néﬂgklghgl%@yéging system
the video out put request signal St84 when the |ength
6P RO Ll ecerPEd ¢F derenarbansStS3t ien atpray &térit- t Bheéhdecoding
ifie at i timpe. A video stire equal .in .
R eI Ecronel Phram etk Ot matl oY nibe decoding
dégodéed sy st kertpriddem decOdafs 380 ldeadtdah Datput s t he
reproduced_vi deo signal , 20 St95 to the reorderin )
but for 3308°%R6 S8 EBRoln8ATDCtREBR STt AERRRCHRIGche decoding
5&6&915E£§§U1tﬁeCQQSQEHSﬂQQCQQE 24 6 erdd ively ocutputs the
correl ations between pictures, the coded order and
Wi 4pPays'eh dei cHeraot amédcosdiay Hif stateemsopangputr remurihe stream
[ ) ' t ere , be displayed i
TRErSec2a0d T O, AN R LR AR P HE it 2700,
drdperetid ybsttdeed 8800 as the encoded video stream St71,

encoded sub-picture stream St73, and encoded audioc stream
St75. Thus, when the stream ID input from the scenario
selector 2100 and the pack ID input from the streamlbuffer
2400 match, the system decoder 2500 ocutputs the corresponding
packs to the respective buffers (i.e., the video buffer 2600,
sub-picture buffer 2700, and audioc buffer 2800).

. The system decoder 2500 detects the presentation
time stamp PTS and decoding time stamp DTS of the smallest
control unit in each bitstream St67 to generate the time
information signal St77. This time information signal St77
is supplied to the synchronizer 2900 through the decoding
system controller 2300 as the synchronization control data
5t81.

Based on this synchronization contrcl data St81, the

synchronizer 2900 determines the decoding start timing whereby
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to the reordering buffer 3300. The synchroni zer 2900

therefore controls the switching signal St103 so that

the reproduced video signal St95 output fromthe

vi deo decoder 3800 and the reordering buffer output

St97 are appropriately 5 selected and output in the

di splay order to the synthesizer 3500. The

sub-pi cture decoder 3100 simlarly generates the

sub- pi cture out put request signal St86 based on the

sub- picture decoding start signal St91, and outputs

to the sub 10 picture buffef2 2700. In response to the

sub-pi cture out put request signal St86, the

sub-picture buffer 2700 outputs the sub-picture

stream St85 to the sub-picture decoder 3100. Based on

the presentation tinme information contained in the

SeHdelpi cifur @ het r eae: 6+ 85yst hei SUb4ai churendedoden 3B correct

decodes 15 a |l ength of the sub- glcture strean18t§?

COTFREPBRIPHG Fo dtar’Fé’d‘é‘p?em IR d prEs STCETEHT S | HE

repioduserand suPphyntosthe: syghheskegs 8800ntheideo decoder

sub-pi cture signal St99. The synthesizer 3500

sk i hpeses Otnhé'-f@eﬂ eteord Ba9Ootivdnput Wiltsh $techronizer 2500
gnal_ St99 t enerate_an t

vﬁpég %lgna §t|&§ (f%?ﬁ;%?degk f%&bgFﬁﬁéﬂ%%rﬁ%%ﬁiﬁé seart

I0fha The: sudie] dedddest 32080 geaedahessantht wmﬂab$tt9cs to the

the audio buffer_ 2800 the audi o, out put :%guest Si

S BT S e Bdd0D SPAH AT e 4PD - T GRAREEvely.

St93. The awdio+ibubf L2800 b@wacggﬂagétégmtﬁwd+9deo output
stream St87 to the audi o 25 decoder 3200. The audi o

REDHRTE IDINeLCDTRE basedgeh e (hidegsstream decoding start
signal £t8%, and outputs teo the videc buffer 2600. in

bnputs the

response to the video output request signal St84, the wvideo
buffer 2600 cutputs the video stream St83 to the videoréecoder
3801. The video decoder 3801 thus detects the presentation
time information contained in the wvideo stream St83, and
disables the video cutput request signal St84 when the length
of the received wvideo stream £t83 is eguivalent to the
specified presentation time. A video stream egqual in length
to the specified presentation time is thus decoded by the
video decoder 2801, which cutputs the reproduced video signal
St95 to the réordering buffer 3300 and selector 3400.
Because the encoded video stream is coded using the
interframe correlations between pictures, the coded order and
display order do not necessarily match on a frame unit basis.
The video cannot, therefore, be displayed in the decoded

order. The decoded frames are therefore temporarily stored
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audi o stream St 87 corresponding to the specified

presentation tine based on the presentation tine

information contained in the audio stream St87, and

out puts the decoded audio stream St101 to the audio

data output termnal 3700. 5 1t is thus possible to

reproduce a user-defined nultinedia bitstream MBS in

real -time according to a user- defined scenario. Mre

specifically, each tine the user selects a different

scenari o, the DVD decoder DCD is able to reproduce

the title content desired-$y the user in the desired

10 sequence by reproducing the nultinedia bitstream

MBS corresponding to the selected scenario. It should

be noted that the decoding system controller 2300 nmay

supply the title information signal St200 to the

Scendhro sebedeoin@lObulifeneansoof theThaf raymohidnizer 2500
i cations_device nentioned above or

S P Ret e EoBnarT bR, FoAnEbnErdi e By that the

B8P rusiRkcetA R PlSH sb@nﬂﬂd@t@@S%Lm;ﬁitbyfi&E gRENafiidRo decoder
sel ector 2100 extracting the title information
FBB8r B4 &t FEFFErEAlY A AEM (FERIhSHI @rg@ppropriately

§EEHEEQE‘9 LB IR O 4 h@h@' {ﬁéﬁféﬁ‘ BQQU:OK:od%th% ftnesizer

20 contained in the title ormation signal St200,
ARE0 -di splaying this t|tIe |nfornat|on on a displ ay

f | ect Not t hat t t
TSRS St T S AL R L A LR

2UB0piatdire hwidEic 28Q0%puead 52§n££orsi@rsl Ngab&fif @ the sub-
3300 are expressed above and in the figures -85-

picture decoding start gignal St91, and outputs to the 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-picture decoder 3100.
Based on the presentation time information contained‘in the
sub-picture stream St85, the sub-picture decoder 3100 decodes
a length of the sub-picture stream $t85 corresponding to the
specified presentation time to reproduce and supply to the
synthesizer 3500 the sub-picture signal St39.

The synthesizer 3500 superimposes the selector 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 generateg and supplies to the
audio buffer 2800 the audio output reguest signal St88 based
on the audio stream decoding start signal St93. The audic

buffer 2800 thus outputs the audio stream St87 to the audio

decodex 3200. The audio decoder 3200 decodes a length of the
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as separate entities because they are functionally

different. It wll be obvious, however, that a single

buffer nenory can be controlled to provide the sane

di screte functionality by tinme-share controlled use

of a buffer menory with an operating 5 speed plura

times faster than the read and wite rates of these

separate buffers. Milti-scene control The concept of

mul ti ple angl e scene control according to the present

invention is described belowwth 10 reference to

Fig. 21. As descri bed abov@4 titles that can be pl ayed

back with nunmerous variations are constructed from

basi ¢ scene periods containing data comon to each

title, and mnulti-scene periods conprising groups of

different scenes corresponding to the various

seéaar E6TPEqUESEE. cbRrERgonZinglboscenespdsifiedntkdsentation
et n,scenes of the basic scen erjods. The, )

g%ﬁfiggﬁ%ﬁggghgﬁfépﬁﬁﬁﬁﬁﬁ??ﬁoﬁht%ﬁﬁi%ﬁéaf & contained in

sbenesdicantrranarnsk § e pasneptiapukecked seenasd( SCRNGS stream

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

BEFPEAES SbENEIHEK &R T SHERYE ey ominggl ¥H0 i . e.

angl es 1, 0 5 3. 15 e e e

dynam cal | J%selgsec?ggsan%&gr%%?%dé%g%l%uﬁcﬁ%%l aayBAaSc

PHLEAeemikt bigmfixescenes peni otkal tirtcheapasehtad to a user-

scene period, however, anly e of the .

%%g??%& esecs%réagrels?‘ scenes® 6 KT l[}{lﬁ?glaiyng UFFPeldfEe the usex

soh¢ens gadirbPersakeetedarand must e sekeak®dpcp is able to

statigally bef ore playback 25 begins. - 86

reproduce 'the title content desired by the user in the desired

r-defined

sequence by reproducing the multimedia bitstream MBS
corresponding to the selected scenario.

It should ke noted that the decoding' system
controllexr 2300 may supply the title information signal St200
to the scenario selector 2100 by means of the infrared
communications device menticned above or another means.
Interactive scenario selection controlled by the user can alsc
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 ipformation on a display for user
selection.

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

reordering buffer 3300 are expressed above and in the figures
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Wi ch of these scenes fromthe nmulti-scene periods is
to be selected and reproduced is defined by the user
operating the scenario selector 2100 and thereby
generating the scenario selection data StSl. In
scenario 1 in Fig. 21 5 the user can freely select any
of the nmulti-angle scenes, and scene 6 has been
presel ected for output in the parental |ocked scene
period. Simlarly in scenario 2, the user can freely
select any of the nmulti-angle scenes, and scene 7 has
been preselected for outpuﬁsrn the parental | ocked
scene period. 10 Wth reference to Figs. 30 and 31,
furthernore, the contents of the program chain
information VIS PGCl is described. In Fig. 30, the
case that a scenario requested by the user is shown
wﬁﬁhSE@@p@¢E EDtatVES| bdabaseonberuat e ofunchenally different.
sgena scenarlo 2 sho H
dggcr lbedjb 5 XY 5 Sgr ARERATY an: ot rra%’llor?]]\?réj%i memery can
apé ESREIsa 08 SPS0H e deser ishineg dikerecenanimcticnality by
consists of cell playback information C PBI#1
cOAPESITOITGih GOPSTedeRe EseCo Pt AL PRFPTY Yigh an operating
sB%E%4ﬁMJJHf élﬂygtEaQEgEeHH%A éﬂéx¥éaé:§§h#%rlte rates of
corresponding to scene 5, C PBI#6 corresponding to
stbree6 ser20aded O FRIYE. correspondlng to scene B.
VTS PGCI#Z descrlblqg the scenario 2 consists of cel
C PBI #1 corresponding to scene 1,

C PBI #2, C_RBIe#3,caibds PBb#4 wilbiplia mihtlleangicene control
cel | block corresponding to a multi-angle scene,
C2PEPFE 06 'R pbilli R§=250F0 UL ixn ¢ PEAggoribed below with

CQEE%%Q%@@ RY FQgSCeRE ZAsa§Q55¥f£%§Zabégé, titles that can be

pPlayed back with numercus variations are constructed £rom
basic scene periocds containing data common to each tiﬁle, and
multi-scene periods comprising groups of different scenes
corresponding to the various scenarioc requests. In Fig. 21,
scenes 1, 5, and 8 are the common scenes of the basic scene
periods. The multi-angle scenes (angles 1, 2, and 3) between
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 and
reproduced during playback in the multi-angle scene period.
In the parental locked scene period, however, only one of the
available scenes, scenes 6 and 7, having different content can
be selected, and must be selected statically before playback

begins.
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corresponding to scene 8. According to the digital

video systemdata structure, a scene which is a

control unit of a scenario is described as a cel

which is a unit thereunder, thus a scenario requested

by a user can be obtained. 5 In Fig. 31, the case that

a scenario requested by the user shown in Fig. 21 is

shown with respect to a VOB data construction

VTSTT_VOBS. As specifically shown in Fig. 31, the two
scenarios 1 and 2 use the same VOB data in common.

Wth respect to a single scé&he comonl y owned by each

10 scenario, VOB#1 corresponding to scene 1, VOB#5
corresponding to scene 5, and VOB#8 corresponding to

scene 8 are arranged in non-interleaved bl ock which

is the. contiguous block. Wth respect to the

mul ti - angl eWddcd edniibelsy oweeds Byroscamar nos th sk periods
0 ngl g_scene data is .constructed.by 1 . SLRgl

Vg. q;§ge§|ef ica ?é;tes,agegﬁjfing]fe%ﬂog%‘écﬁdi ésco%% %%%?ed’e”bythe user
VEB&Z2arand angl ec2rn=siconsdract et DyoVOBE], tangledy3 geherating
constructed by VOB#4. Thus constructed nulti-angle | .

daPs FE°TPoiededs IHET M e bl BRkSFORAEAR dake Fig- 21
of heWa s £hi Hgn et neeash angl & AndSeRNIt8SSngle scenes, and
reproduction of each angle 20 data. Scenes 6 and 7

peeeieaf has Seemapreseleang forresppeti velghe gregental locked
for the interl.eaved bl ock for_the sa of

SEERS B reaR L e Matueh TR Sceneb BePgPE S7R Troely
bedladtt hereeff ahavehhl as-seahtessehepl OGuet i0fene 7 has been
bet ween each _scene. As described in the_above, the

(REF=S! FehResfPRgous B Rar Po tERoRRTER R LogkechParpe period.
realized bywythliZ2k08408 o Figs. 30 and 31, furthermore, the

contents of the program chain information VTS_PGCI is
described. In Fig. 30, the case that a scenario requésted by
the user is shown with respect to a VTSI data constfuction.
The scenario 1 and scenario 2 shown in Fig. 21 are described
as program chain information VTS_PGC#1l and VTS_PGCH2.
VTS_PGC#1 describing the scenario 1 consists of cell playback
information C_PBI#1 corresponding to scene .1, C_PEI#2,
C_PEI#3, and C_PBI#4 within a multi-angle cell block, C_PBI#5
corresponding to scene 5, C_PBI#6 corresponding to scene 6,
and C_PBI#7 corresponding to scene 8.

VIS_PGCI#2 describing the scenario 2 consists of
cell playback information C_PBI#1l corresponding teo scene 1,
C_PBI#2, C_PBI#3, and C_PBI#4 within a multi-angle cell block
corresponding to a multi-angle scene, C_PBI#5 corresponding

to scene S, C_PBI#6 corresponding to scene 7, and C_PBI#7
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video title playback control information shown in Fig.

30 and the title playback VOB data structure shown in

Fig. 31. 5 Seam ess pl ayback The seam ess pl ayback

capability briefly nmentioned above with regard to the

digital video disk systemdata structure is described

bel ow. Note that seam ess playback refers to the
reproduction in a digital video disk systemof 10

mul ti medi a data including video, audio, and

sub-picture data wthout intermttent breaks in the

data or information between®? basic scene peri ods,

bet ween basic scene periods and nmulti- scene peri ods,

and between nulti-scene periods. Hardware factors
contributing to intermttent 15 playback of this data

and title content include decoder wunderflow, i.e., an

i rbatascenfiéhgedr theesouBce datactApud topddo: afitlgthel video
decodlnoaspeed of the t nput, source data . ANEL[BCI0LS: ¢ or &
relare t ot Re “propertres o The ‘prayback dafld’ When
tdecphayback dabarisedatzag thalemMSthien 29 a unit thereunder,
continuously reproduced for_ a constant time unit in

orile? FoFceRRTiiSeFeEY=GREEr SVaAd UERE €At &t cG-ained.

i nformati OnInngg’._ §E0,“ Qhed_Q:ta%e Olﬁ{é"c C@”éé:&'i’éf?[oi §equested by
| ost when the required continuous presentation tine
camnotsere sivser el Hapr gucits erhooin sudhh riesbeatatticomr VOB data
wher eby the reguired tinyity is assured is 25 . .

FTET T 67 s FCORtF g0us YT GHRTT O ek GUEET of™e 49 3
Whe 68c sseadkess inf:idred i @Ber €eAEOGWEEkl ADE' data in common.
Reproduction of this information when the required

COMitR nFRSPRMNSC be asinEdE jgcene commonly owned by each

scenario, VOB#1l corresponding to scene 1, VOB#5 correspconding
to scene 5, and VOB#8 corresponding to scene 8 are arranged
in non-interleaved block which ig the contiguocus block.
With respect to the multi-angle data commenly owned
by scenarios 1 and 2, one angle scene data is constructed by
a single VOB. Specifically speaking, angle 1 is constructed
by VOB#2, and angle 2 is constructed by VOB#3, angle 3 is
constructed by VOBH#4. Thus constructed multi-angle data is
formed as the interleaved block for the sake of switching
between each angle and seamless reproduction of each angle
data. Scenes 6 and 7 peculiar to scenarios 1 and 2,
respectively, are formed as the interleaved block for the sake
of seamless reproduction between common scenes before and
behind thereof as well as seamless reproduction between each

scene.
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referred to as "non-continuous information

reproduction,” or "non-seanl ess information

reproduction.™ It is obvious that 5 continuous

i nformation reproduction and non-conti nuous

i nformati on reproduction are, respectively, seanl ess

and non- seanl ess reproduction. Note that seanl ess
reproduction can be further categorized as sean ess

data reproduction and seam ess 10 i nfornmation

reproduction. Seanl ess datagg eproduction is defined as
preventing physical blanks or interruptions in the

data playback (intermttent reproduction) as a result

of a buffer underflow state, for exanple. Seanl ess
information reproduction is defined as preventing

apparent inferruptions .15 in the |nformtion whe :
porcei ved By°t RECGEQPECi rcbr T L B opr eEntiTor) TeTuesting
Weth 4 €LO08h3WAJ ikNfFaIgat 3 DNchA okt he uliapenas, @@iRizing the
where there are no actual physical breaks in the data

rFEStRRIUCHT oh Plosthadls s iefomainac ierFyThRe Fig. 30 and
HRRCIH 4 €1 g%&&@%bﬂggggé%%ﬁc%g?éog% Ofn 83g. 31.

t hus descri s descri | at er ow W th referénce
tSearHigps Padmc®4. Interl eaving The DVD data system
streans desﬁgébed ove

appropri at e autHor 1 %S%rﬁa%%%?g‘%&rgég%gﬁﬂﬁgglg’gﬁggw mentloned
Qe Miithmesbdgatdt k@ Ofha [MQicor dhingoneilidin shigkem data
that the follow ng description refers to a novie as
Sfgucture is described below. Note that seamless playback
refers to the reproduction in a digital video disk system of
multimedia data including wvideo, audio, and sub-picture data
without intermittent breaks in the data or information between
basic scene periods, between basic scene periods and multi-
scene periods, and between multi-scene periods. |

Hardware factors contributing to intermittent
playback of this data and title content include decoder
underflow, i.e., an imbalance between the source data input
speed and the decoding speed of the input source data.

Cther factors relate to the properties of the
rlayback data. When the playback data is data that must be
continucusly reproduced for a constant time unit in order for
the user to understand the content or information, e.g., audio
data, data continuity is lost when the required continuocus
presentation time cannot be assured. Reproduction of such

information whereby the required continuity is assured is

referred to as ‘“contiguous information reproduction," or
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multinmedia title being processed, but it will be

obvious that the invention shall not be so limted. 5
Supplying a single novie in a format enabling the

novie to be used in plural different cultural regions

or countries requires the script to be recorded in

the various |anguages used in those regions or

countries. It nay even necessitate editing the

content to conformto the nores and 10 nora

expectations of different cultures. Even using such a

| arge-capacity storage sysB88m as the DVD system

however, it is necessary to reduce the bit rate, and
therefore the inmage quality, if plural full-length

titles edited froma single comon source title are

recorded to a single disk. This 15 problem can be

selewad 41 r eepbahagi bhe repdan qpaikdns "of Reprabiuctiitdresof this
qg&y once, and recording the segnments different in )
R TR MEeTeAER YPAREFERt CPRELBUSRYYCATRPS REt REGUTSD 1S

@E%%%ﬂéa ﬂgﬁgg hh ﬂd%dﬁ%¥HU$dglﬁﬂ%ofﬂééfﬁhff&pr@duction," or
different countries or cultures to a single optica

dinok ~sieErds 5 ddifcinmpttiven bigpr@Dugtata; - ‘andft is obvicus that
therefore, retaiLning high inmage guality. As_.shown in .

EPE TS U TREPERFagh d8 S RGN o “BAti o™ o gRELnucns
Gafbaima diasi GepeolacRebnOdse0f r66p8661¢00PDNskaAmlaklks and non-
scenarios, and nulti-scene periods containing scenes
SFEMIASE FEREGASE I ¥enari os, to provide parental

llock 25 cepidol +aRd Mlidrang! &S5RG Olcan be further
functions. -91- In the case of the parental |ock

cetegolrifapdct iagn, seiamlesscodEdiani rprswdwddimgs, and seamless

gh%%%%gtﬁggpegépggdggggéngCen %amless data reproduction is

defined as preventing physical blanks or interruptions in the
data playback (intermittent reproduction) as a resuit of a
buffer underflow state, for example. Seamlesé'information
reproduction is defined as preventing apparent interruptions
in the information when perceived by the user (intexrmittent
presentation) when recognizing information from the playback

data where there are no actual physical breaks in the data

reproduction.
Details of Seamless plavback

The specific method enabling seamless reproduction
as thus described is described later below with reference to
Figs. 23 and 24.

Interleaving
The DVD data system streams described above are

recorded using an appropriate authoring encoder EC as a movie
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deenmed unsuitable for children, i.e., so-called "adult
scenes," are recorded wth a conbi nati on of common
scenes, 5 adult scenes, and children's scenes. These
title streans are achieved by arraying the adult and
children's scenes to nulti- scene periods between the
comon basi c scene periods. Miulti-angle control can be
achieved in a conventional single-angle title by
recording plural nmultinmedia 10 scenes obtai ned by
recording the subjects fromthe desired plural canera
angles to the nmulti-scene-®r1iods arrayed between the
common basic scene periods. Note, however, that while
t hese plural scenes are described here as scenes
recorded fromdifferent canera angles (positions), it
wi Il be 15 obvious that the scenes nay be recorded
faomther sameccasaia tdnglee dutaabvii tkepedtink Mesjium. Note
dat a generat ed_ by conput er raphi cs, or other video

&t WRen Bat ket inghalssr Hidt gefeErerdtc sBerdi?YDb: 238 the

M1 Bl M & {1 1d Seiidy I3 RRLLQUE] Buregessany £e 8B¥Eous that
the |l aser 20 bean1LSE¥ron1the commpn scene data to

tthee niorvohon sktehk gat abeusPngimepedduction, i.e.
to nove the_optjcal picku 0 a different it .
Su%{la%llﬁ%da 81%%&<.a :rlﬁ\erlepr:l.gblaenf]cﬁg(?att .eg{hk%[]lng the

t he DVD recor I um re

trhatid heot ive tegdi ried pDusdye dilfEaphitcatul pheklipregions or
makes it difficult to continue reproduction w thout 25 ]
CRERS TG DreaReiyes t e aBar dPbr £¢i fEorecoFded ¢n the various

SUHAU S S - 1 S£AME §SS HESR QUGN o TNESLREPDESM CaR Ry even
theoretically solved by providing a track buffer
fetcesahtiadd eedP4DQy thhe 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 theréfore thg image
quality, if plural full-length titles edited from a single
commen source title are recorded to a single disk. This
problem can be solved by recording the common parts of plural
titles only once, and recording the segments different in each
title for each different title only. This method makes it
possible to record plural titles for different countries or
cultures to a single optical disk without reducing the bit
rate, and, therefore, retaining high image quality.

As shown in Fig. 21, the titles recorded to a single
optical disk contain basic scene periods of scenes common to
all sgscenarios, and multi-scene periods containing scenes
specific to c¢ertain scenarios, to provide parental lock

control and multi-angle scene control functions.



del ay data out put an anmount equivalent to the worst
access tine. In general, data recorded to an optica
disk is read 5 by the optical pickup, appropriately
processed, and tenporarily stored to the track
buffer. The stored data is subsequently decoded and
reproduced as video or audio data. Definition of Int
| eaving To thus enable the user to selectively excise
scenes 10 and choose from anong plural scenes, a
state wherein non- selected scgpe data is recorded

i nserted between common scene data and sel ective
scene data necessarily occurs because the data units
associ ated wi th individual scenes are contiguously
recorded to the recording tracks of the recording

medium | f 15 dod aHeS dshenokeaflel Batbgc L £ AL ontro1 function,
sequence, non-sel ected scene data nust be accessed

bef or'é”é%:%%s%‘?qu’ié’r’rd’gdéﬁﬁd?‘?@‘%%e vigdleast egeneener other scenes

dat a, daates cam £5% 20BNEELEONSHM &R hE 3 selectedeattiea radult
scene is difficult. The excell ent random access

char aBT 877311 c¥ Of “THEF WYi TH" v? dEB B 2AC £33t @y common  scenes,
Showevadyl 2 Gdales ,seadl @ss1 Gaectd-eps s th,d e title streams are

sel ectce}gies&eecp%s gossi ble. In_other words, by
splitTThg Scend- SPEY ¥ th5t 29U it hFPHLART §RI # S5meg to multi-

speciddmtk data sz Betabdni BAET E&@NbN oadt UllensPliet-1 oas .
data units for di ff,ereniasc-enes in a predefined

sequence that ISFac3PEET t FETR tFRH tRE | AFIRYed in  a

r ange:ogvi}-&ti\dmae@/rlxm -:iaa{ga.euaﬂgté Hy?ﬁé@éa&ﬁu?g@&raﬂtmultimedia

10 enes ioh ST ea i SR TRRLGHS Thy DRt (g yhe desires

accegdivglandadecodangltbe hat anspefift £ ddbne periods arrayed

between the common basic scene periods. Note, however, that

while these plural scenes are described here as scenes

recorded from different camera angles (positions), it will be

15 obvious that the scenes may be recorded from the same camera

angle but at different times, data generated by computer
graphics, or other wvideo data.

When data is shared between different gcenarios of

a gingle title, it is obvicusgly necessary to move the laser

20 beam LS from the common scene data to the non-common scene

data during reproduction,li.e., to move the optical pickup to

a different position on the DVD recording medium RC1. The

pProblem here is that the time required to move the optical

pickup makes it difficult to continue reproduction without

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



the sel ected scenes using these split data units.

Seanml ess 5 data reproduction is thereby assured.

Interleaved Block and Interleave Unit The interleaving

nmet hod enabling seam ess data reproduction according

to the present invention is described belowwth

reference to Fig. 24 and Fig. 71. Shown in Fig. 10 24

is a case fromwhich three scenarios may be derived,

i.e., branching fromone video object VOB-A to one of

plural video objects VOB-B, VgB-C and VOB-D, and

then nmerging back again to a single video object

VOB- E. The actual arrangenent of these bl ocks

recorded to a data recording track TR on disk is 15

shown in Fig. 71. Referring to Fig. 71, VOB-A and

VOB- Esaéﬁli\!‘sgeg_epgghﬁetz:ﬁom th ﬁ}ﬁ@:ewrétn playbagk theoretically
start and end tinmes, and are in principle arrayed to

cont i §ALUSbPECRTPEHHONS. 2ASTIRBVWALEFRr Ff gtroam pgEfer 2400) to
pl aybagkaspt abtaaBdceid LhMescthe VEBL BraddB Go 2008N0orst access
VOB-D are aligned during interleaving. The interleaved

dat a btBBks IFedtrefitetRtfed e diesk tPo2a ephtrglodssk is read
5i nt erbeavedebl agle i1@dl 0N i B, CONL LGS RlACK MEUHANSea,  ana
and interleaved block regions are then witten to

di sk FARPERTIHadE Fach o ter &cerbnPrAfehe pFagbaeRred data is

sequeﬁl@]ﬁsecﬁkéﬁtﬂﬂy 'cﬁ%p&éﬁdﬁﬁdOQEEQ&éué/@,ad. ~A:dec or audio data.
interl eaved video objects VOBS, arrayed to the data
recording track TR are shown in Fig. 37. Referring to
Fi 9. Sezimtdfod e ahsek0eWiigd data is continuously

arrayed are called "blocks," of which there are

To thus enable the user to selectively excise scenes

10 and choose from among plural scenss, a state wherein non-

selected scene data is recorded inserted between common scene

data and selective scene data necessarily occurs because the

data units associated with individual scenes are contiguously

recorded to the recording tracks of the recording medium. If

15 data is then read in the recorded sequence, non-selected scene

data must be accessed before accessing and decoding the

gelected scene data, and seamless connections with the

selected scene is difficult. The excellent random access

characteristics of the digital video disk system, however,

20 make seamless connections with the selected scenes possible.

In other words, by splitting scene-specific data

into plural units of a specified data size, and interleaving

plural split data units for different scenes in a predefined

sequence that is recorded to disk within the jumping range
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5 two types: "contiguous bl ock regions" in which VOB
wWith discrete starting and end points are contiguously
arrayed, and "interleaved bl ock regions” in which
plural VOB with aligned starting and end points are
interl eaved. The respective blocks are arrayed as
shown in Fig. 38 in the playback 10 sequence, i.e.,
bl ock 1, block 2, block 3, . block 7. As shown in
Fig. 73, the VIStitle VOBS (VISTT_VOBS) consist of
blocks 1 - 7, inclusive. Blggk 1 contains VOB 1
al one. Blocks 2, 3, 5, and simlarly discretely
contain VOBS 2, 3, 6, and 10. Blocks 2, 3, 5, and 7
are thus 15 contiguous bl ock regions. Bl ock 4,
however, contains VOB 4 and VOB 5 interl eaved
to ether e bl ock 6 contains VOB 7, VOB 8, and
§e?ﬁt%?ﬁ%ﬂV%d”1 Hef STRGCIOSS BRE B°EPE- thust S possible

|@$G£E§QMGQCQ|Q%%'B%léHEEdZQcJH§s|QE§ﬁBQL datd8 interruptions
structure of the contiguous block regions is shown in

APY. 17Tt HERAOBLY andeyobryg andajedoddng ttHee data specific to
| 0 t he Vi As crlbed W th
(%ﬁg ggfgétgh %%%nf% qﬁj?é}¥£%F?Ki?J |nS|de ?ﬁlts Seanmless

reference to Fi
ciﬁnagnepsodbbam&nreglah&rab@-%u@m&em.Ioglcally
divided into cells as the -95- playback unit. Both
VOB-i and VOB-j in this figure are shown conpri sing

tﬁﬂﬁﬁgiéﬁ$§dCﬁiécglangEkhtg%le@Qg Gekk #3. EaCh_Cel

conprises one or nore video object unit VOBU with the

vi deo objec?h%niﬁnﬂﬂxiﬁﬂ%$$gnrmﬁtmmdbsuﬁddﬁhés sgagfless data
Ideﬁﬁﬁ?ictfgﬁha&@&Ld?haotgogﬁalB%eEQL Eggéggion is described
below w1th reference to Fig. 24 and Fig. 71. Shown in Fig.
24 is a case from which three scenarios may be derived, i.e.,
branching from one video cbject 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 recording track TR on disk is
shown in Fig. 71.

Referring to Fig. 71, 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 VOB-B, VOB-C,
and VOB-D are aligned during interleaving. The interleaved
data kblocks are then récofded to disk te a contiguous
intexleaved block region., The contigucus block regions and

interleaved block regions are then written to disk in the

track path Dr direction in the playback sequence. Plural
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the position of the cell in the program chain PGC (the

pl ayback control information of the digital video disk

system) Mre specifically, this position informtion

is the address of the first and last VOBU in the

cell. As also shown 10 in Fig. 73, these VOB and the

cells defined therein are also recorded to a

conti guous bl ock region so that contiguous blocks are

conti guously reproduced. Reproducing these contiguous

bl ocks is therefore no problem The internal data

structure of the interleaved block 15 regions is

shown in Fig. 74. In the interleaved bl ock regions

each video object VOB is divided into interl eaved

units ILVU, and the interleaved units ILVU associ ated

wth each VOB are alternately arrayed. Cel

botiAaar | €3 efes déBned! - ¢ ndeperrdanidar st vihgeo objects VOBS,

[ Y it VU.. For anpl - Ko . :

REFRKERY B0 URe) Bak Hec el bufl TRl TRUETE (R in Fie- 2T

ILVUk3 andref¥dkd ngand nie. cmmflﬁsﬂabw9§u@m@g¢® weldh data is
is likew se divided |nto

Vi

B R BaNE i e ESURES “PLYBD BLEGBRE - S i Pere aze
apdol se ik | ned R iguiic! gi1sekl ~LEIAM Notewhhah vos with
instead of a single cell CELL#k or CELL#m 25 each of
véBSRraﬁé YR P earR R sdidvbdéutisneve et ideriie Wp 29Gryed, and

%kéerIQ ve@?%&'gﬁvgggﬁ 3 L%VQhEhﬁs 8%%%' EPQEQh aligned

V|deo ata he exanple own in Fi

7d;athengntaa1d eavdd palindss b.i:HUk]lntd:I:MMdl LVUkBe argpective
I LVUk4, and ILVUM, ILVUR, 5 |ILVUnB, and- ILVU
fPOATERo AT f BrERYSR dRD Rt siPoFi@and® in the playback

seqguence, i.e., block i, block 2, block 3, . . . block 7.

As shown in Fig. 73, the VTS title VOBRS (VTSTT_VOBS)

consist of blocks 1 - 7, inclusive. Block 1 contains VOB 1
alone. Blocks 2, 3, S, and 7 similarly discretely contain
VOBS 2, 3, 6, and 10. Blocks 2, 3, 5, and 7 are thus

contiguous block regions. 7

Block 4, however, contains VOB 4 and VOB 5
interleaved together, while block 6 contains VOB 7, VOB 8, and
VOB 92 interleaved together. Blocks 4 ‘and € are thus
interleaved bleock regions.

The internal data structure of the contiguocus block
regions is shown in Fig. 73 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 contiguous

block regions are further logically divided into cells as the
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VOB-m are alternately arrayed within a single
interl eaved block. By interleaving the interleaved
units 1LVU of two video objects VOB in this sequence,
it is possible to achieve seanl ess reproduction
branching from one scene to one of 10 plural scenes,
and fromone of plural scenes to one scene.
Mul ti-scene control The nulti-scene period is
descri bed together with the concept of nulti-scene
control according to the prgsent invention using by
way of exanple a title conprising scenes 15 recorded
fromdifferent angles. Each scene in nulti-scene
control is recorded from the sane angle, but may be
recorded at different tinmes or may even be conputer
hi cs. data. The multi-angl e_scene perlods may
tﬁhjgg

POrE WrSh- bePal | EP nul 174 Qe pe Fods fagure are shown

Res@pt 8kiRgNtLek-The16QneeRt, 9h reeerdiuBg Rl &err #3.
titles conprising alternative scenes for such

functions aSaphrerfldl doowk icem role @nhdnercordfag object unit

g%&%t&?&ﬁ HLs Léedesg” Re ?egﬂo?’?ﬁé' ”foz'&n %1518' boundaries

exanpl é eoYla mu rean1p
fmﬁ qhﬁ(ﬁﬁlﬂ I G&kﬂﬁaﬁﬂﬂoblbﬁ sbawaihB Engorﬁatlwhendentlfylng
-called "adult scenes" containing sex, violence, or

o or POSATEST BENEPUNSGablR G cRFPEFER afedin PGC  (the

(ﬁigiﬁiﬁﬂ | Fofetdi | e1ded Rl et iy Q%hﬁnhéblkqu video disk
control, the title streamis recorded with a

SOt 7at | ortaste cmaif isyEtlem dhicapes$saonSgpformation is the

address of the first and last VOBU in the cell. As also shown
in Fig. 73, these VOB and the cells defined therein are also
recorded to a contigucus block region so that contiguous
blocks are contiguously reproduced. Reproducing these
contiguous blocks is therefore no problem. A

The internal data.struéture.of the interleaved block
regions is shown in Fig. 74. In the interleaved block regions
each video object VOB is divided into interleaved units ILVU,
and the interleaved units ILVU associated with each VOB are
alternately arrayed. Cell ‘boundaries are defined
independently of the interleaved units ILVU. For example,
VOB-k is divided into four interleaved units ILVUk1l, ILVUk2,
ILVUk3, and ILVUk4, and are confined by a single cell CELL#k.
VOB-k is likewise divided into four interleaved units ILVUm1,
ILVUm2, ILVUm3, and ILVUm4, and is confined by a sincle cell
CELL#m. Note that instead of a single cell CELL#k or CELL#m,

each of VOB-k and VOB-m can be divided into more than two
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and Sse, an adult-oriented system stream SSc
containing the adult scenes, and a child-oriented
system stream SSd containing only the scenes suitable
for children. Title 10 streans such as this are
recorded as a nulti-scene system stream containing
the adult-oriented system stream Ssc and the
child-oriented system stream Ssd arrayed to the

mul ti-scene period between commbpn system streans Ssb
and Sse. The rel ationshi p kgt ween each of the
conponent 15 titles and the system streamrecorded to
the programchain PGC of a title streamthus
conprised is described below. The adult-oriented title
program chain PGClL conprises in sequence the comon
system streans Ssa and Ssb, the adult-oriented system

H5edn SstheanBteRécegRfonrdfst 2D St Sseinghgoth audio

Hd draidented. titl e programchain PGC2 conprises in
sequence the common system streans Ssa and Ssb, the
chi | d- ori enfredtbyseermgtlccaghSsn, iandiphe 7donmbime interleaved

syst.em am By thus arrayjng_the

T grrbitee Tl St ARAivRg . ana tovoma, 1ivome,
aivue0r el @dvenal, e M-Skl €8 S5t d P Mildds $BGRtIBVOR-k and
period, the decoding nmethod previously described can
rMEfStuREe FHEMAE ContEFAYREG &t titor fefie@ lCont eRerleaved

kmacap.rodﬁg NG )6 ¢ LOMHON, FUST¢ esxtlre%@}&‘j %@i@@dé§% of two

then sel ecfing an reproduci ng the adult-oriente

Histeamadticedm SO8 iandhillse sebueepeoduci hg phestbhrpho achieve
systemstreams ructed by the adult-oriented

mlesgs repr 5 Si'“%r e scene to one of

B 57 00F BT ERACH TPEC T BB 8 ATV STy

plural scenes, and from one of plural scenes to one scene.
ulti-sg control |

The multi-scene periocd is described together with
the concept of multi-scene control according to the present
invention using by way of example a title comprising scenes
recorded from different angles.

Each scene in multi-scene control is recorded from
the same angle, but may be recorded at different times or may
even be computer graphics data. The multi-angle scene periods
may therefore also be called multi-scene periods.

rental txol

The concept of recording plural titles comprising
alternative scenes for such functions as parental lock control
and recording director’s cuts is described below using Fig.

15.
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followng the child-oriented title program chain PGC2

and selecting the child-oriented system stream Ssd in

the nulti- scene period, a child-oriented title from

whi ch the adult- 10 oriented scenes have been

expurgated can be reproduced. This nethod of providing

inthe title streama nulti-scene period containing

plural alternative scenes, selecting which of the

scenes in the nmulti-scene period are to be reproduced

bef ore pl ayback begi ns, and generating plural 15

titles containing essential ?y"the sane title content

but different scenes in part, is called parental |ock
control. Note that parental [ock control is so naned

because of the perceived need to protect children from
undesirable content. Fromthe perspective of system

st ream pr océ8sprgmnrle0cifonevel tipapantialt itdek scormtam|providing
[ f.or_staticall enerating djfferent

o ey e D Y88 Bt Pl b ighem so-called
spadulic soenas' f peAcaifikk - S€fne yietlatte NOb®, other scenes
further, that this contrasts with nulti-angle scene

c%%?‘?"aﬁ, IR a TeEchAbl bgF e Forr Wy n& jnpd in a title
C{Iﬂﬁgélﬂgnﬁhﬁgc%ﬂﬁtﬁ & S'c@)%lt%otllgtlghgly EANS Utream is

the user selecting scenes fromthe - 99 nulti-scene
perFotded el th angompimeglion nf dorhey system gsdeelSsSa, Ssb,
Thie pacental Lack control 4 echnol oy, can, ALse B8:caining cn
used to &nabl e titl e stream editing such as when ng kas
redkalig t heenbsdi r @atior 'as GHildMRE-idHAHRe! Orsgs€eh stream Ssd
refers.tp the process of editing certain scenes_froma

rﬁ)?fftea’c’bfn?oroné'i’an‘bﬂ‘%, Wensultable for children. Title

streams such as this are recorded as a multi-scene system
stream containing the adult-oriented system strzam Ssc and the
child-oriented system stream Ssd arrayed to the multi-scene’
period between common system streams Ssb and Sse. |

The relationship between each of the component
titles and the system stream recorded to the program chain PGC
of a title stream thus comprised is described below.

The adult-oriented title program chain PGC1
comprises in sequence the common system streams Ssa and 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,.

By thus arraying the adult-oriented system stream

S$sc and child-oriented system stream Ssd tc a multi-scene
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the total presentation tinme. This may be necessary,
for exanple, to edit a feature-length novie for
viewi ng on an airplane where the presentation tinme is
too long for viewing 10 within the flight tinme or
certain content may not be acceptable. The novie
director thus determ nes which scenes may be cut to
shorten the novie. The title can then be recorded
with both a full-length, unedited system stream and
an edited system streamin ich the edited scenes are
15 recorded to nulti-scené'%gfiods. At the transition
fromone systemstreamto another systemstreamin
such applications, parental |ock control nust be able
to mai ntain snooth playback inmage output. Mre
specjfically, seanl ess data reproduction whereby a
T2t Ufdertt ARCSCdre Besscdarrovsarsiy ddmralikd,c20 reproduce

Vi 1618 @ 5 Ofe @R hulf nd_seani ess inpformation ,
reproéhcf?on wher e ygﬁglgnggfﬁng iﬁ?%??ﬁﬁgﬁ6ﬁ?3ﬁQFUCln9ti@
atmﬁflykoﬁywﬁm blgprqsmﬁs:eish;ﬁjt ahd h|@s&14di tQh@:ngT\ﬁ;ieq%@ting and
.are_pecessary. . i -angle contro e
Céﬂ%é%'u%%n%uFFF_gﬁ&ﬁ 1&ﬁﬁﬁ9§ﬁﬁﬂ?¥ﬁt?ﬂ fREeapg Ssc, and then

presefiud NG MRS drindle S0/ G N Lef @LeRCR N 2a by che
FI?. 33. -100- In general, multinmedia titles are
'ﬁﬂﬁfiﬁp?%%oFHth PackE rarhechaidi oP@AY- vi 380 alternatively
igf1ardvetdoncfgold Gty vely “recording” belo of the
subj ect’ og\o/er ti rrélq%d ﬁ%leleanntg cgdg"éléﬁé]%e %D&HP\Q{‘) %Rgin PGC2 and
ESNEC S |t hiESIVEY i latb #ASES: o & [ yasedth g&&mléémﬁﬁgtér% muled -
an

I R Tt 0 R RE N LY R
Scéresed scenes have been expurgated can be reproduced.

This method of providing in the title stream a
multi-scene period containing plural alternative scenes,
selecting which of the scenes in the multi-scene period are
to be reproduced before playback begins, and generating plural
titles containing essentially the same title content but
different scenes in part, is called parental lock 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 for statically
generating different title streams by means of the user pre-
selecting specific scenes from a multi-scene period. Note,
further, that this contrasts with multi-angle scene control,
which is a technology for dynamically changing the content of

a single title by means of the user selecting scenes from the
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#SML, #SM2, and #SMB are recorded at nutually

different (first, second, and third) canera angles

during recording unit tine T2, and are referenced

bel ow as the first, second, and 10 third angled

scenes. Note that the nmulti-scene periods referenced

herein are basically assunmed to conprise scenes

recorded from different angles. The scenes nay,

however, be recorded from the sane angl e but at

different tines, or they may be conputer 15 graphics

data. The multi-angle scene’periods are thus the

mul ti-scene periods fromwhich plural scenes can be

selected for presentation in the sane tine period,

whet her or not the scenes are actually recorded at

different camera angles. Scenes #SC and #SC3 are

sBBhEd “PEEBrdeB Bt CEhef sarkY 2hEordmonreakerarangfiering title
dyi hpgakgcording unit times Ti and T3, i.e., before

and after the nulti-angle scenes. These scenes are

t her ef ore ca@hlied ool angtle saenest " cdbhfclbaly e also be
o&seéhgonggggale Qaqﬁéa angl es used in the nulti-angle
scenes s " rGsudl 1V e YEmeasethelrOnfibRl caferien making the
afgtectoriBlcutQ under gtiaRdcbhe of ehat Lershisp Retween neese of
these various angled scenes, multi-angle scene
d%%%?b?gigeaé§éﬂiEéénﬁéléwpmu§imgVéEItwe Bregadeastlef, shorten
& has ealah gﬁggség%ﬁg§ggplt%moem y. o[f1g coumoq angl &

scenes #SO and #SC3 are recorded 5 at"the “Confon: - -arY. for
cafftrRl anglte, svitthai £ehenadddafdmpm asothe ¥oeWvidwiig on an
ggg%g{aféeLdegg %Hg axi s through the pitcher, batter, o
£h Cd%ché?. presentation time is too long for viewing
within the flight time or certain content may not be
acceptable. The movie director thus determines which scenes
may be cut to shorten the movie. The title can then be
recorded with both a full-length, unedited system stream and
an edited system stream in which the edited scenes are
recorded to multi-scene periods. At the transition from one
system stream to another system stream iﬁ 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 seamless information reproduction
whereby no unnatural interruptions are audibly or visibly

perceived in the audio and video playback, are necessary.

Multi-angle contyol

The concept of multi-angle scene control in the

present invention is described next with reference to Fig. 33.
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The first angled scene #SML is recorded at the first
multi-canmera angle, i.e., the canera angle fromthe
backstop 10 on the axis through the catcher, pitcher,
and batter. The second angl ed scene #SM2 is recorded
at the second multi- canmera angle, i.e., the view from
center field on the axis through the pitcher, batter,
and catcher. Note that the second angled scene #SM
is thus the sane as the common canera 15 angle in this
exanple. It therefore faollows that the second angled
scene #SM2 is the sane as the common angl e scene #SC2
recorded during recording unit tinme T2. The third
angl ed scene #SMB is recorded at the third
mul ti-camera angle, i.e., the canera angle fromthe
backst op focusing on the _infield. 20 The presentation
It FRESTET -t e iFErPRe tandies SEonESHINE HEMECHRERT both
eh#SMLOVET haR 1 d&F 0L dieRGURL LA | (B Zact 81y POAOL 31 ng
is called the "multi-angle scene period."” By ?reely
begewecrifnFhenesudfi edie andz i plre= ahgl eTheeraglk8MEcet8MElocks

d ip.this Lti-angl ene period e Vi ewer .
#S?E'ag#e ?o g%M%ha#§g3hi§”b ggégviﬁé%ﬁs%ﬁ%mﬁgﬁ multimeaia
scpagbt idtdihedN| DY Becoll2ngdiddier epimysew19f #he gaaeTs by

as though the actual canera angle is changed. Note
FeEPRALIRAI T8t R effp et sTEEPBEtAVE mRRER defheen Scenes

#sﬁ@ﬂ‘%r@ﬂ,@' %nﬁce@§1§3 #%qje a@' c%g‘g%dangtt hﬁlﬂl’gfi l %i_fferent
angl e scenes #SML, #SM2, and #SM3 I1n Fig. 33, this Is

(férﬁpLyS§CQ@dfank1Fhétd)themase shghes ohsr ing trerdidjure unit
1 rSacusl T LG I LR TS OBuRAE anc
thThar engsedosashsal tine

Note that the multi-scene periods referenced herein
are basically assumed to comprise scenes zrecorded from
different angles. The scenes may, however, be recordéd from
thg 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 different camera angles.

Scenes #SCl and #SC3 are scenes recorded at the same
common camera angle during recording unit times Tl and T3,
i.e., before and after the multi-angle scenes. These scenes
are therefore called "comﬁon angle scenes." Note that one of

the multiple camera angles used in the multi-angle scenes is

usually the same as the common camera angle.
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gap during playback. Milti-angle scene control of the
system stream based 10 on the present invention is
descri bed next with reference to Fig. 23 fromthe
per spective of connecting data blocks. The nultinedia
data correspondi ng to common angle scene #SC i s
referenced as comon angl e data BA, and the common
angle data BA in recording unit times Ti and T3 are
referenced as BAl and 15 BA3, respectively. The
mul ti medi a data correspending to the nultiple angle
scenes #SM, #SM2, and #SM3 are referenced as first,
second, and third angle scene data MAI, MA2, and MA3.
As previously described with reference to Fig. 33,
scenes from the desired angled can be viewed by
sel ecti ngrong, Q-4 20Lau-L1 Rl e-angkg @@é@eé‘:@'éh%é\é“lmrlous
MA2, and MA3. There is also no tine gap between the

anphpHnsangee. davatBARnahd E&&nﬂﬂtqdu¥01nn$|@¢ecangbe below

nj case of an G

‘“%@i 6%1% ?%g%%é ome%%rog Np?%?ﬁgﬁé nfBFelRE °F Wé?e only.
pl ayback T otsratdONnatale r€Sehes #5cheineenstheare recorded
re roduced common and nultiple angle data units 103-

FATF U & @6@E@hth@ﬁiﬁhésdgpgeagefﬁged as the view

£ zqsm REGIHON £ 1‘%@&\/\81‘%% hbe sel qal.ed Jultiphe t@'ﬂ%‘rﬁ Qé‘i:% er, and
unit MAL, MA2, and MA3 and the comon angle d

ctelliier the first conmon angle data BAL before the
angle Se“ﬁgt%g IQaépglg s?spﬁggﬁ%g SC%%% %P at Ehe first

t he commmon ang o} %hé an
mgeliegtsetk i) Al aul i je ANGi1ee SEORErP eIl frcTrhetmesm&}cstop
this .cas hat the title streamis not

Oq“ﬁQﬁa?f§Srg§F88g e&qiscatcher, pitcher, and batter. The

second angled scene #SM2 is recorded at the second multi-
camera angle, i.e., the view from center field on the axis
through the pitcher, batter, and catcher. Note that the
second angled scene #SM2 is thus the same as the common camera
angle in this example. It therefore follows that the second
angled scene #SM2 is the same as the common angle scene #SC2
recorded during recording unit time T2. The third angled
scene #SM3 is recorded at the third multi-camera angle, i.e.,
the camera angle from the backstop focusing on the infield.
The presentation times of the multiple angle scenes
#SM1, #SM2, and #SM3 overlap in recording unit time T2; this
period is called the "muiti-angle scene periocd." By freely
selecting one of the multiple angle scenes #sM1, #sSM2, and
#SM3 in this multi-angle scene period, the viewer is able to

change his or her wvirtual viewing position to enjoy a
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a single contiguous title, i.e., seanless data

reproduction is achieved but non-seam ess infornmation
reproduction results. 10 The nulti-angle selection

process whereby one of plural scenes is selectively
reproduced fromthe nulti-angle scene period with

seam ess information presentation to the scenes

before and after is described below with application

in adigital video disk systemusing Fig. 23. 15

changi ng the scene angl e, 102 €., selecting one of the
multiple angle data units MAL, MA2, and MA3, nust be

conpl eted before reproduction of the precedi ng common

angle data BAl is conpleted. It is extrenely

difficult, for exanple, to change to a different

ANHL Lat a- Wy tofM%ed_lgEang a[§pr_rl'9cgﬂ‘:ﬁ{ 3L %fc%f%m&a angle
angl e data BAl. This i's because the nultinmedia data
ilsasreengrd abl o tenghdt cedéte VPEGrdatppshractar e whittime gap

kes it difficult to find the data. b oi.nt .
]:’n%(‘)”rueﬁE ArT B8 N2 tReS §6FBECed Tt £ o%%gé( %ﬁcei \1/:1§1 eguttiple
afigy edlss@nke: Gissnyptiggiwhema theang] &iip engetis is sinmply

because inter-frame correlations are used 25 in the '
Eodf et bt GRER s EPPhe sft off_ G- Wit ut s teP rHte’ sERY -=asier

d;géxli%jttioglf &Be MeEGdlg.t:Qng_vaé;gr&%é@im i]:tatIh%aSLeBPSduced by

refresh franme, and closed .processing not referencing
skhgmts tige|Gidigrpito armiotdesc@Ps i s Posseble wiet kigtual time

hi rqQcessing unit. In other words, if the
g%@s%fggggﬁéﬁgyggfgg e. g. 5 MA3, is selected before

reproduct Mantrieaekes bbenaUtbhc280|F cheegpspenidiheam based
and at the latest by the time reproduction of the
©Br EBEIPAGSEBMBAVARGLE dd%a SBAF T IS CoRFrEt ¥dth ffeference to

F§59|§3 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 multimedia data corresponding to the
multiple angle scenes #SM1l, #SM2, and #SM3 are referenced as
first, second, and third angle scene data MAl, MA2, and MA3.
Ag previously described with reference to Fig. 33, scenes from
the desired angled can be viewed by selecting one of the
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, MAZ, and MA3.

In the case of an MPEG system stream, however,
intermittent breaks in the playback information can result

between the reproduced common and multiple angle data units
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data selected fromwithin the nmulti-angle scene period
can be seam essly reproduced. However, it is
extrenely difficult 10 while reproduci ng one angle to
sel ect and seanl essly reproduce another angle within
the sane nmulti-angle scene period. It is therefore
difficult when in a nulti-angle scene period to

dynami cally select a different angle unit presenting,
for exanple, a viewfroma different canera angle. 15
Fl ow chart: encoder The.gggadi ng i nformation table
generated by the encoding systemcontroller 200 from
information extracted from the scenario data St7 is
descri bed below referring to Fig. 27. The encodi ng
information table contains VOB set data 20 streans

cont ai.ni n | ural VOB correspandi.n h c nection
dﬁB?Pgﬂggbe i n eaﬁaxgﬁﬁ?%gggtq?ﬁ% é%é%e t?aﬁg%iﬁgﬂl -

ba@BdectORMRCIdJIE ol ditel angh ¥YOBndatadatreamg t MAL, MA2, and
coré§§£onding to each scene. These VOB set dat%irst common
MBBy SRRWRCFRCR RRgE afaRh&? eiftiddity FRE o mdtiton

ah%ggeﬁéyauﬂﬁﬁf%gfgrét e#égglgnsghgctgﬁ_i%OQhéﬂhdiKﬁ-angle

encodi ng systemcontroller 200 for creating the DVD

soehei pediiadsbreahebasedoonanade ugeradeld kel 1¢yies the angle
content. The user-defined scenari o conai ng,oranchhpdin chi

sﬁgfaﬁf:?d FPoMPE oAb s2%7es T pT lﬁeﬁl%%)e'nes,h or T Enes

cgoBneet kPR PR $itle ol oMM eoenesl lylheepiGBluced as

corresponding to the scene period'deliniteg%$y these . ction
b raReRin F it et ct Hhbe potnfs - | §2281968 2 dndt the
103 2, 06DERA A0 o3 _2ACAAR A, YRGS Rhchon! Apr B EEbn results.

ata stream The title nunber specified by the VOB
The multi-angle selection process whereby one of

plural scenes is selectively reproduced from the multi-angle
scene pericd with seamless information presentation to the
scenes before and after is described below with applicatioen
in a digital wvideo disk system using Fig. 23.

Changing the scene angle, i.e., selecting one of the
multiple angle data units MAl, MA2, and MA3, must be completed
before reproduction of the preceding common angle data BAl is
completed. It is extremely difficult, for example, to change
to a different angle data unit MA2 during reproduction of

common angle data BAl. This is because the multimedia data

lhas a variable length coded MPEG data structure, which makes

it difficult to find the data break points (boundaries) in the
selected data blocks. The video may also be disrupted when
the angle is changed because inter-frame correlations are used

in the coding process. The group_ of_ pictures GOP processing
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set data streamis the title nunber TITLE NO of the
VOB set 10 data stream The VOB Set data structure in
Fig. 27 shows the data content for encodi ng one VOB
set in the VOB set data stream and conprises: the
VOB set nunber VOBS NO the VOB nunber VOB NO in
the. VOB set, the precedi ng VOB seamnl ess connection 15
flag VOB Fsb, the foll owi ng VOB seanl ess connection
flag VOB Fsf, the nulti-scene flag VOB Fp, the
interleave flag VOB Fi,.the-multi-angle flag VOB_Fm
the multi-angle seamess switching flag VOB FsV, the
maxi mum bit rate of the interleaved VOB ILV BR, the
nunber of interleaved VOB 20 divisions ILV DIV, and
the mninmuminterleaved unit presentation tinme |ILVU

M U%etMQBMtégtg %@P&gry@cg&t@ﬁé £ sequenti-al ra@%% frame,

I denti fying set an e position of the V
8t thothd pmeprahiictd onosequefweegfirtdeftatmke belonging to
scenario. - 106 The VOB nunber VOB NO is a sequential .

5% GQRiT 157G EHE VEEPARACERE (O8I PFORSOPLFfe it

VOB in thernrephrodugtbi-@n, seguence Rfsither tddde gata, e. g.,
scenario. The preceding VOB seanl ess connection fl atig ]

MPGB_Fsh ST 4Gttt e wherdryoducisbam] esackonneet i Brlti-angle
WL the. piecedlao | I ied fQr SGRNALLO cguction of
T éapro uctl?on. g ?%/I O ESE\%%% gbgtgrﬁb%sstsiconnec Fon C o em ©
tHeagpddoiy cothcat esghhetihen Bher dd9 scaslesddssthe angle

%%&#@%ﬁ(ﬁ\g tfl}otmh%itfh%lnl ?:Vﬂneh uyg—g%giggsgggga{blegiod can be
seamlessly reproduced. However, it is extremely difficult
while reproducing one angle to select and seamlessly reproduce
another angle within the same multi-angle scene period. It
is therefore difficult when in a multi-angie scene period to
dynamically select a dJdifferent angle unit preéenting, for
example, a view from a different camera angle.
Flow chart: encoder

The encoaing information table generated by the
encoding system controller 200 from information extracted from
the scenario data St7 is described below referring to Fig. 27.

The encodiné information table contains VOB set data
streams containing plural VOB corresponding to the scene
periods beginning and ending at the scene branching and
connecting points, and VOB data streams corresponéi‘ng to each
scene. These VOB set data streams shown in Fig. 27 are the

encoding information tables generated at step #1000 in Fig. 34
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10 The nulti-scene flag VOB Fp identifies whether the

VOB set conprises plural video objects VOB. The

interleave flag VOB Fi identifies whether the VOB in

the VOB set are interleaved. The nulti-angle flag

VOB Fmidentifies whether the 15 VOB set is a

multi-angle set. The nmulti-.angle seam ess swi tching

flag VOB FsV identifies whether angle changes within

the nulti-angle scene period are seam ess or not. The

maxi mum bit rate of the-imserl eaved VO8 1LV BR 20

defines the maxinmum bit rate of the interl eaved VOBs.

The nunber of interleaved VOB.divisions ILV DIV

identifies the nunber of interleave units in the
interleaved VOB. The m ninmuminterl eave unit
bpl es@ntatd Qu d I i the ti -

gan be repr odu%ggysv\%%ﬁ tg%{g;%/?%Q?El%?%r agtkgr o%g(fgﬁéhﬂg the DVD
myfpimesiia steckheavesed tratthshiwskera dafdcledbuffieke dattgent .
underfl ow_state does_not .occur is the maximymbit rate |

of the i niEf Ba0AIOVEE TP BRI PR BT SRVEE BG oinE
frepr odugbhoBcehefheceptadingskahosnabiroBchakle sf@f points to
each VOB generated by the encoding systemcontroller
©5BBT b&ETVh EREN=Scenafid FRBa T¢I REEPFhE® behowscene
péﬁi@&raggiﬁ@tgagbyzghesghﬁrggghgﬁgoghggcBﬂﬁ@gggggspoints is
descri bed bel ow and supplied to he vi deo encoder
ajyoe aeti oarAcbderd¥0d, gandrsystienrenanodde a VOB set is the

VOB set data stream. The title number specified by the VOB
set data stream is the title number TITLE_NO of the VOB set
data stream.

The VOB Set data structure in Fig. 27 shows the data

‘content for encoding one VOB set in the VOB set data  stream,

and comprises: the VOB set number VOBS_NO, the VOB number
VOB_NO in the VOB set, the preceding VOB seamless'connection
flag VOB_Fsb, the following VOB seamless connection flag
VOB_Fsf, the multi-scene flag VOB_Fp, the interleave £flag
VOB_Fi, the multi-angle flag VOB_Fm, the multi-angle seamless
switching flag VOB_FsV, the maximum bit rate of the
interleaved VOB ILV_BR, the number of interleaved VOB
divisions ILV_DIV, and the minimum interleaved unit
pPresentation 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.
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10 900 for stream encoding are produced based on this

encoding information table. The VOB data streans

shown in Fig. 28 are the encoding information tables

generated at step #100 in Fig. 34 by the encoding

system controller 200 for creating the DVD 15

mul ti medi a stream based on the user-defined title

content. The encoding unit is the video object VOB,

and the data generated to encode each video object

VOB is the VOB data streggn For exanple, a VOB set

conprising three angle scenes conprises three video

obj ects VOB. The data structure shown 20 in Fig. 28

shows the content of the data for encoding one VOB in

the VOB data stream The VOB data structure cont ai ns

the videormt &fdal , shar %%EN\AOB tQSqMEH@Qal number

material end tinme VOB _VEND, eo S|gna type
1d\¢(xBl\fyFGIrND thkre Vodecar@codengpdmitiameo% YheRR/OR hen the
red |a terial start t%& the audio - 108
F?ﬁ AT B ETTHRERD R ENE? 'EF% %uﬂ?%niﬁa?ng met hod

VOB A Kl NRie gtk ddie; iyl G ancash &k hidndat€i A BRadheos_rsb
s video material start time VOB VST is the video

1nEREEdSy “ReANe 1t Rnee 2Bl ¢ oS (AR 1o (i e BFSFREIng VOB
igVi n'%élﬁka'sce%?r*’édﬁ PBLeLiahyend time VOB VEND

is the video encoding en time corresponding to the
time of the dadowisignals sknlegec-aratert abn t§lmeg VOB_Fsf

15& ¥eKIN 'QEQE'QEere 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 get is a multi-angle set.

The multi-angle seamless switching £flag VOB_FsvV
identifies whether angle changes within the multi-angle scene
period afe seamless or not.

. The maximum bit rate of the interleaved VOB ILV_BR
defines the maximum bit rate of the interleaved VOBs.

The number of interleaved VOB divisions ILV_DIV

identifies the number of interleave units in the interleaved

VOB.
The minimum interleave unit presentation time

ILVU_MT defines the time that can be reproduced when the bit
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10 whether the encoded material is in the NTSC or PAL
format, for exanple, or is photographic material (a
novi e, for exanple) converted to a television
broadcast format (so-called telecine conversion). The
video encoding bit rate V _BRis the bit rate at 15
whi ch the video signal is encoded. The audio materi al
start tinme VOB AST is the audio encoding start tine
corresponding to the tine of the audio signal. The
audio material end time-WY@B-AEND is the audio 20
encoding end tinme corresponding to the tine of the
audio signal. The audi o codi ng nethod VOB _A KIND
identifies the audio encoding nethod as AC- 3, MPEG

or linear PCM for exanple. - 109 The audi o encodi ng

RLL Lat @hé gﬁahieggelhhgrﬁ.éggeahnl\ﬁ’h|thwtl'll'i%l‘lalé.mt(?:ack buffer
signal is encoded. The encodi ng paraneters used by the

dgtdevndpcddew S®@®e §M@ﬁmnﬁﬂquqwmodértaeomagﬁﬁwmuh%f rate

ognctqger 700érf ave . S&YC,%_E& er? Qp dugroi% ory n\é@leaved block
encoding are s in" F g.t 09" Thé enc i Nng paraneters

répebadetribhe VCB nunber VOB_NO, video encode start
time V STTM vi deo encode end tine V ENDTM t ide% Vo
encode modéeV BREFBITthe IR HNFe BRELT at OV eac 8

geﬁ@@gtedtBQ FRXI BHALME d60s68¢Q0e Bhk rbaherV 2M3PbHEed on the
the GOP structure 10 fiXing flag GOP_Fxflag, the video

seogauadecEAR LS rAct Uk @§F§ﬁ1bed below referring to Fig. 28.

The VOB encoding parameters described below and supplied to
the video encoder 300, audioc 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. 34
by the encoding system controller 200 for creating the DVD
multimedia stream based on the user-defined title content.

The enceding unit is the video object VOB, and the
data generated to encode each video object VOB is the VOB data
stream. For example, a VOB set comprising three angle scenes
comprises three video objects VOB. The data structure shown
in Fig. 28 shows the content of the data for encoding one VOB
in the VOB data stream.

The VOB data structure contains the video material
start time VOB_VST, the video material end 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
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the initial video encode data V_INTST, the |last video

encode data V ENDST, the audio encode start tinme A

STTM the audio encode end tinme A ENDTM the audio

encode bit rate A -RATE, the audio encode nethod A

ENCVMD, the audio start gap A STGAP, the 15 audi o end

gap A ENDGAP, the preceding VOB nunber B VOB NO and

the followi ng VOB nunber F VOB NO The VOB nunber

VOB NO is a sequential nunber identifying the VOB and

the position of the VOB-nosthe reproduction sequence

of the title scenario. 20 The video encode start tine

V STTMis the start tinme of video material encoding.

The video encode end tine V ENDTMis the end tinme of

video material encoding. The video encode node V ENCMD
mhSefRagncading e  Zon foEndec! apbng Mhsther -£8YRESe method

tel eci ne conversion shalt be - 110 acconplished during
VB dhoKéNeedang tbeepublie ehfpdivgt bébdrage WhdR -t he

video matgrial .i.s tel ecine_ copverted [ The .

vi deo enc% 8 f‘fie?a‘f%t?/riﬁ}kﬁpfggtﬁ%mg\ﬁ;{e“rg%gglsgi £5 FRfevideo

enfodifgo seaceditige -ohhadPxidaHg Videeneneade hif tAkevideo
V MRATE is the maxinmumbit rate of video encoding.
SIFRABOP structure fixing flag GOP_Fxflag specifies

whet her e@ﬁgdwaebsmaegs}ggp shed Widhais GRARYI 08 LR video

GOP structure in the m e of the vided encoding
eprodbsy. €Ad stilfe i scaresebolipgr daiet ehef drimeckdritigye video
s;\{\gggf?r seanl ess switch

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 example)
converted to a television broadcast format (so-called.tele;ine
conversion) .

The video encodiﬁg bit rate V_BR is the bit rate at
which the video signal is encoded.

The audioc material start time VOB_AST is the audio
enceding 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
signal.

The audio coding method VOB_A_KIND identifies the
audioc encoding method as AC-3, MPEG, or 1linear PCM, for

example.
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is.enabled in a nulti-angle scene period. The video

encode. GOP structure GOPST is the GOP structure data
fromencoding. The initial video encode data V_I NTST

sets the 15 initial value of the VBV buffer (decoder

buffer) at the start of video encoding, and is

referenced during video decoding to initialize the

decodi ng buffer. This is a useful paraneter for

decl ari ng seam ess reproduction with the preceding

encoded video stream 20;d4e |ast video encode data V
ENDST sets the end value of the VBV buffer (decoder

buffer) at the end of video encoding, and is

referenced during video decoding to initialize the

decodi ng buffer. This is a useful paraneter for

decl ari ng anl ess uctlon Mﬁth th r.ec n

encoded 2 1_elv %%ol%treaﬁ? - © THe 4 ﬁg’éh%%ﬁ Bit rate at
et ot tEQEa&dSJTﬁigﬁalhessbaebdbane of audi o materi al
encodi ng. The audi 0 encode end tinme AENDTMis the_end

time of alifo=REPELRd PEAGHEILRFS 3Tk RS ehtdte sncoder
4, f%h%—é;c@ﬁ@é'éné@&eP'%dﬁﬂeanES%%éﬁg 8H8L8er 700, ana
encodi ng. The audi o encode net’hod A ENCVD i dentifies
?t}rfet%mcﬁfbiom@m%gowev@@deaSOA@ﬂg EWE@OW in Ada@r- 29. The

EMaior example.  The audio start gap A STCAP I bE viaeo
' e S be ween The st art of e"au an

afidgiele pFesenteihdnv adTtMe 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, the last video encode

- data V_ENDST, the audic encode start time A _STTM, the audio

encode end time A_ENDTM, the audioc 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 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 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
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begi nning of a VOS. This is a useful paraneter for
declaring seam ess reproduction with the preceding
encoded system stream The audio end gap A ENDGAP is
the time offset 15 between the end of the audi o and
vi deo presentation at the end of a VOB. This is a
useful paranmeter for declaring seam ess reproduction
with the precedi ng encoded system stream The
precedi ng VOB nunber B VOB NOis the VOB _NO of the
precedi ng VOB when thereqjg.a seanl essly connected 20
precedi ng VOB. The follow ng VOB nunber F VOB NO is
the VOB _NO of the followi ng VOB when there is a
seanm essly connected follow ng VOB. The operation of
a DVD encoder ECD according to the 25 present
inventiqn is. descrihed below with reference .the - .

2 SRR b R P $H ORI FRAF T HbS of EpboShBRnc o ing

whtind e Y end d 4181 21 €1 SUPE QUL REScohteSbOMI flaberial.
obvious that while the operation described bel ow )
rel ates sp&tivfidas lpdada Mis regseViBATReipVEENRBEERTS bit

; r . j nvention, the 5 operation

racﬁfgggg B{el a s%%%ﬁweé to an authoring encoder EC. At
step #10(Ched heawseumi npdes tdreccetl thitg canRaWdSRATE is the
according to the user-defined_scenario while

AR Ry THE Ton{ERtC ST RLTAY ti medi a source data
streans Sile IR st Sia3 FibOiA SlLP O ExANEy specifies

scenari o editor 100 generates the .
whether encoding is accomplished without changing the GOP
structure in the middle of the wvideo encoding process. This
is a useful parameter for declaring whether seamless switch

is .enabled in a multi-angle scene period.

The video encode- GOP structure GOPST is the GOP

"structure data from encoding.

The initial wvideo encode data V_INTST sets the
initial value of the VBV buffer (decoder buffer) at the start
of video enceding, and is referenced during video decoding to
initialize the decoding buffer. This is a useful parameter
for declaring seamless reproduction with the preceding encoded
video stream.

The last video encode data V_ENDST sets the end
value of the VBV buffer (decoder buffer) at the end of video
encoding, and is referenced during video decoding to
initialize the decoding buffer. This is a useful parameter for
declaring seamless reproduction with the preceding encoded

video stream.
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scenario data St7 containing the above edit command

i nformati on according to the user's editing

i nstructions. Wen generating the scenario data St7 in

step #200, the user editing commands related to

mul ti-angle and parental 15 |lock nulti-scene periods

in which interleaving is presuned nust be input to

satisfy the followi ng conditions. First, the VOB

maxi mum bit rate nust be set to assure sufficient

i mage quality, and the f{gck buffer capacity, junp

performance, junp tinme, and junp di stance of 20 the

DVD decoder DCD used as the reproduction apparatus of

the DVD encoded data nust be determ ned. Based on

these values, the reproduction tinme of the shortest

i nt erl €a ﬁﬂ %.nl&lo nco%tea Qed f{gﬁé%g%,}ﬁ)qss % and ért time

Based on e repro duction dcenein the
ofmadudic oensepiedi ashodd it then be 25 determ ned

whet her equations 5 and 6 are satisfied. |If 113
equat i onst5® dHFE° afRP9E €REi SFMEdA_ENETsds hiyy end time

ofChange the «edit éﬁggggg$.untll equations 5 and 6 are
satisfied by, for exanple, connecting part of the
fol | owi nd'lstemedio eachdscbné datd he RATE|iscehe bit rate
| len, Ul 1 -angl e edit commands are used,
use%ﬁé?ﬁ%n ?C?él%%ulsf|ed for seamnl ess SMAtChIng,
and edi t mmmaﬁd& eNBOEA inr KA PABRICHD efendti€tiesnthe audio
with the reproduction tinme of each scene in each

en&r‘? BTGt &ft Hed - MPEDN-CS MRS BRtt cHPherample-

usedt thezsﬂéseauayét LA SRPMBNGSrdA> 10 $9ld Si¥me offset
equati on .
betaeen 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 system
stream.

The audio end gap A_ENDGAP 1is 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 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 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
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At step #300, the encoding systemcontroller 200
first determ nes whether the target scene is to be
seanl essly connected to the precedi ng scene based on
the scenario data St7. 15 Note that when the
precedi ng scene period is a multi-scene period
conprising plural scenes but the presently selected
target scene is a comon scene (not in a nulti-scene
period) , a seanl ess connection refers to seam essly
connecting the target sceme-with any one of the
scenes contained in the 20 preceding nulti-scene
period. Wien the target scene is a nulti-scene
peri od, a seamnl ess connection still refers to
seanl essly connecting the target scene with any one of
t s.tr he, sane iz n er
f& gb ?%%%?n%ghgﬁk%. 3? a ﬁgﬁ:seanggsngESég ﬁeé?%%ﬁp with a
dqabmd|1dpetheepéubedutenﬁavesItosﬁbapd#ﬂeoobtlsuéldhﬂt while
?ﬁfp #400 t he encodj ng system control | er 200 %33
RNy VBCELERf eSS IBhneet?ont f FRGOVER BgY in this

calRdi cal | fgeWBRDNEIndELL ESpa oM LSS rEQBABC I bntion, the
between the target and precedi ng scenes. The

oprgeddire deveT e £ 1ty strapl 1655 #BO RN G iy Hrfiepncoder EC.

hand, if %.e ?p%lﬁgl“wﬁ%‘ﬁgér n utstgﬁgecﬁftfng commands
seaniess connec e preced‘ g scene, t

apr:ocrel_d.umge mowds tusst efe #5004 Atestepoc#bBilicheconfirming the
cgggggltn%fsy%}eerpnuclotn;rgé)clhl.a?rsgggcgegiaté streams Stl1l, St2, and
St3.

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 tec multi-angle and parental
lock multi-scene periods in which interleaving is presumed
must be input to satisfy the following conditions. l

First, the VOB maximum bit rate must be set to
agsure sufficient image gquality, and the track buffer
capacity, jump performance, Jjump time, and jump dis;ance of
the DVD decoder DCD used as the reproduction apparatus'bf the
DVD encoded data must be determined. Based on these values,
the reproduction time of the shorﬁest interleaved unit is
obtained from equations 3 and 4. Based on the reproduction

time of each scene in the multi-scene pericd, it must then be

determined whether equations 5 and 6 are satisfied. If
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10 the precedi ng VOB seanl ess connection flag VOB _Fsbh.
The procedure then noves to step #600. At step #600
the encodi ng systemcontroll er 200 deterni nes whet her
there is a seanl ess connection between the target and
foll owi ng scenes based on scenario data St7. if 15
step #600 returns NO, i.e., anon-seam ess connection
is valid, the procedure noves to step #700. At step
#700, the encoding systemcontroller 200 resets the
foll ow ng VOS seam ess copggction flag VOB _Fsf

i ndi cating whether there is a seanl ess connection with
the 20 followi ng scene. The procedure then noves to
step #900. However, if step #600 returns YES, i.e.,
there is a seanl ess connection to the follomﬁng

S procedu ves .o te # 00.
(?%2%9%3%%q%hecgﬁgodjng Sy§E& Ségﬁ ‘o & U565 ?85§ °pRgge the
daild owbmgaviB seanh esgusenpaet isomdd ag MB Fefisdhea by, for
rocedure then noves to step #900. At step #900 the
g SYTEISTH A BRBTE &F 206 Tolderdin feerfhEphepch scene

theng igu il es430 Sopnsstion target scene, i.e.,
whet her a nmulti-scene period is selected, based on the

scenari o déten SryltAsapgbei edslty c@ew@mdbedara heereedar equation

£ SSIb|e ont.ral’ nmet ho s i scene er
pﬁﬁgﬁfa FOCR S %con 2 or WhRereby oﬁVﬁtShengf T'Tr 8 98% ommanas

rposgidie tepraduabi Qfépﬂaidiﬁ:tjﬂaﬂ hetmeanibe G:Qﬂﬁtfélﬁi"s&uction
fromthe scenes in the nulti-scene periodis

I SRfuctCE affSREl £ SiGte AT ofushePebgrtREed. If non-

seamless switching is used, the user must enter commands to
satisfy egquation 8.

At step #300, the encoding system controller 200
firstAdetérmines whether the target scene is to be seamlessly
connected to the preceding scene based on the scenario data
sSt7.

Note that when the preceding scene periocd is a
multi-scene period comprising plural scenes but the @resently
selected target scene is a common scene (not in a multi-scene
period), a seamless connection refers to 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 period.

If step #300 returns NO, i.e., a non-seamless

connection is valid, the procedure moves to step #400.
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reproduction path can be switched within the

multi-scene period to present different view ng

angles. If step #900 returns NO, i.e., there are not

15 mul tiple scenes, the procedure noves to step #1000.

At step #1000 the nmulti-scene flag VOB_Fp identifying

whet her the VOB set conprises plural video objects

VOB (a nmulti-scene period is selected) is reset, and

the procedure noves to step #1800 for encode

par anet er production. 20.7Th4s encode paraneter

production subroutine is described below However, if

step #900 returns YES, there is a nulti- scene

connection, the procedure noves to step #1100. 116 At

step #1100, the multi-scene flag VOB Fp is set, and

t he proce e yesg . st #1200 mhereat is jud

whet her aqﬁalt?ggn§le%eonﬁ§%t?gﬁ R %ﬁﬁ?ﬁﬁfger 200
r/étsa:tept#ézaﬁadedﬁugietzesmgadnm hebnaeebaage filsag 5VOB_Fsb

de betmeen pIuraI scenes in the_ multi-scene perjod,
irog cat i it e i T and @ §€éﬁ‘éeﬁ§r FOERPELiBRebEEsen the

tE&c%keﬁnﬁlgggceEQE@fBéeh@% ﬂy%égaﬂY%:Qhﬁﬁgﬁmh%s to step
allowed in the multi- scene perlod as parental |ock

#6688t ol reprodu0|ng onIy one reproduction path has

been sel e edu ves to tep #1 ,
At step #%%bgdht ﬁfang‘le KXy &f"%‘?n st ,?gllgﬁg i.e.,

thkeethers tahes"eafngetssC@:iaﬂﬁﬁdthbrSCﬁcﬁlethé pradiedingafiehe, the
pP8EL&uL2 Wds L' Gddys PLSSedure moves to step #1302

At step #500 the encoding system contreller 200 sets
the preceding VOB seamless connection flag VOEB_Fsb. The
procedure then moves to step #600.

At step #600 the encoding system contreller 200
determinesrwhether there is a seamless connection between the
target and following scenes based on scenario data St7. If
step #6000 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, if step #600 returns YES, i.e., there is

a sgamless connection to'the following scene, the procedure

moves to step #800.
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At step #1302 it is determ ned whether either the 15
precedi ng VOB seamn ess connection flag VOB Fsb or

foll owing VOB seam ess connection flag VOB Fsf is
set. If step #1302 returns YES, i.e., the target
connection scene seam essly connects to the
precedi ng, the follow ng, or both the preceding and
foll owi ng scenes, the procedure noves to step 20
#1304. At step #1304 the interleave flag VOB Fi
identifying whether the,yOB, the encoded data of the
target scene, is interleaved is set. The procedure
then noves to step #1800. - 117 However, if step #1302
returns NO i.e., the target connection scene does
not seanl essly connect to the preceding or follow ng
scene, the procedure noves to_step #1306. At ste

#1306 t heFrit'ety &AP8 FPﬁgeW?ﬁlgi%}’Srte%t‘%omsr%Fge’f [fE0 sets

£ 1 08 ULR RV 850k 0 s3beR EL800sndd 516 #0200 UEBUEBS .  The
YES, however, i. e., thereis a multi-angle

Prefeier ¢ onhenhwopeaceduseepo¥e80t 0 step #1400. At

step #1400, the multi-apgle flag . VOB Fm and interleave
flag VOB B EFePadiIo il h S STo iR e Fo0ts o ier 200
dest e HAEHOvh Afhest @pefbS00 dides eneedcbgnsyttiem target scene,
~controller 200 determ nes whether the audi o_and vi deo

LG PEERRT A TY SRR P i 152 kRigF e scepged on the
sdHA 00 Hafa. sBb .2 ALRSLUNCLEON, UBLE-SPBLLEr Hhan thee two

VOB, based on the scenario 15 data St7. If step #1500
rasilt ks aOtHclemethodssibamuddsi -scene periods: parental lock
control whereby only cne of plural possible reproduction paths
that can be constructed from the scenes in the multi-scene
period is reproduced, and multi-angle control whereby the
reproduction path can be switched within the multi-scene
period to present different viewing angles. |

If step #900 returns NO, i.e., there are not
multiple scenes, the procedure moves to step #1000.

At step #1000 the nmulti-scene flag- VOB_Fp
identifying whether the VOB set comprises plural video objects
VOB (a multi-scene period is selected) is reset, and the
procedure moves to step #1800 for encode parameter production.
This encode parameter production subroutine is described
below.

However, if step #900 returns YES, there is a multi-

scene connection, the procedure moves to step #1100.
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switching occurs, the procedure noves to step #1600.

At step #1600 the nulti-angle seam ess switching flag
VOB FsV indicating whether angle changes within the
mul ti-angl e scene period are seanless or not is reset,
and the 20 procedure noves to step #1800. However, if
step #1500 returns YES, i.e., seamess swtching
occurs, the procedure noves to step #1700. At step
#1700 the multi-angle seam ess switching flag VOB FsV
is set, and the procedurq;goves to step #1800. - 113
Therefore, as shown by the flow chart in Fig. 51,
encode paraneter production (step #1800) is only begun
after the editing information is detected fromthe
above flag settings in the scenario data St7

reflecting the user-defined 5_editing instructjions. .
Based on gﬁesgggrF&%%PneaﬁgdPPﬂﬁd'ﬁFﬁ r%iﬁﬁb%?B—Fp 1s set,
aflat ecleebAdcmlhe. maboyec bl agepetdiiongs e tdier SEENALI Gudged
data St7, information is added to the encodi ng
“hAFBRFafi BH1EAbREgLef 6PPORETYOR S6t SERiSes athd oot -

units as ﬁgoﬂgebn# bgﬁ'ig7igngelgr%§ngg %ﬂ%g%ggtgﬁchange is
source streans, and the encodi ng paraneters of the
my/DB datacen pdushowrdemes gin 2%hareuprodaceds prriteép i.e.,
wﬁﬁé_SQgi_ ;.-heulpg:ipce}:gu]:]e then moves 1o Stee #1%80 rog st #1200
Andr o and Vi det et SIS PR °Ehcsd® gﬁ?‘é ter °F
rPtadust Non SL.eps (&l epcdd80Bhande ke dashfddethni Bhe multi-
greater detail belowreferring to Figs. 52, 53, 54,
sgegesperiod as parental lock control reproducing only one
reproduction path has been selected, the procedure moves tb
step #1300.

At step #1300 the mwulti-angle flag VOB_Fm
identifying whether the target connection scene is a multi-
angle scene is reset, and the procedure moves to step #1302.

At step #1302 it is determined whether either the
pPreceding VOB seamless connection flag VOB_Fsb or following
VOB seamless connection flag VOB_Fsf is set. If step #1302
returns YES, i.e., the target connection scene seamlessly
connects to the preceding, the following, or both the
preceding and following scenes, the procedure moves to step
#1304.

At step #1304 the interleave flag VOB_Fi identifying
whether the VOB, the enéoded data of the target scene, is

interleaved is set. The procedure then moves to step #1800.
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Based on the encode paraneters produced in step
#1800, the video data and audi o data are encoded in
step #1900, and the procedure noves to step #2000. 20
Note that the sub-picture data is nornally inserted
during video reproduction on an as-needed basis, and
contiguity with the preceding and foll ow ng scenes is
therefore not usually necessary. Mbreover, the
sub-picture data is normally video information for
one frame, and unlike 25 audi o and video data havi ng
an extended tine-base, 'dﬂ-plcture 119- data is
usually static, and is not normally presented
conti nuously. Because the present invention rel ates
specifically to seam ess and non-seanl ess conti guous
reproduction as described above; description of
sub- pictuHeW§V§ataién€den§l$@20m#%4¥RFiﬁﬁwﬂﬁwﬁ(arthe target
LLSLLY,.  Step, #2000 |s th
SR EPhye oSt EaTadit T B 00 T b SBY, preceding
oi- Oﬂcﬁllﬁwbﬁgr eaeataed thas pﬂc&&yédurme&moa&st Ite:r & talpe #\1@36

Sets. This loop formats the gr gran1cha|n VIS PGCH
to cont ai Rt AE=PepitdBlcFREnis ﬁégelélﬁﬁdVBPhgﬁ {s reset,

aﬁ&péﬁgU%Lb@@dh@éoﬁggéboﬁofQEe%a%HsﬁgB inthe title
Fig. 1 in the programchain data structure,

|nterleavé§ shep #KIP@rr%¢m¢mﬁnﬁﬁﬁsdﬁn€ﬂﬁ§hlGds?-anéhere is
npletes the VOB Set dat stream.an a Lga o
aﬁ@éded ?o?i SPenTs %83ﬁ1gﬁcoBrOCEdu?%e¥%§3geggr%Etﬁe%ﬁ4 0
noves to step;t%aaloawﬂmﬁ Attisd epui2i0@nbhe VEBaSetvakatfn and
streamis conpleted as the encoding information table

1¥ﬁeﬁﬁﬂ§ﬁ§ FﬁégtaFELﬂﬁﬂﬁﬁﬁ set, and the procedure moves to
step #1500.

At step #1500 the encoding system controller 200
determines whether the audio and wvideo can be seamlessly
switched 4in a multi-angle scene period, ie., 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 #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
preocedure moves to step #1800.

However, if step #1500 returns YES, i.e., seamless
switching occurs, the prdcedure moves to step #1700.

At step #1700 the multi-angle seamless switching

flag VOB_FsV is set, and the procedure moves to step #1800.




10

15

20

25

of VOB Sets VOBS NUM obtained as a result of the |oop

through step #2000 to the VOB Set data stream and

setting the nunber of titles TITLE NO defining the

nunber of scenario 20 reproduction paths in the

scenario data St7. The procedure then noves to step

#2200. System stream encodi ng produci ng the VOB

(VOB#i) data in the VIS title VOBS (VISTT VOBS) (Fig.

16) is acconplished in step #2200 based on the

encoded vi deo stream 25.3Rpg .encoded audi 0 stream

output from step #1900, and the - 120 encode

paranmeters in Fig. 29. The procedure then noves to

step #2300. At step #2300 the VTS information VTSI,

VTSI managenent table VTSI MAT, VTSPCC information

table VT 5 d rLQgr chain j [

VTS, PG0 4T PE5RTPBET | RS S V0K A rehrBdiat .l Tie - s1.
ersgsiencershewar i pr&igecibnanecppodueed) iandnly begun after

formagting to, for exanple, interleave the

V
“RonfaTTedY | APFREMARFOP. stenE PTG, T the apove flag

. s AGCOPL | Shathe TR SREM fdaG o ghePseexacutiad khet BkSr-defined

formatting operation are described 10 below with
edidfigrentesEouFy §3ns49, 50, 51, 52, and 53. The encode

par amet er uctj on,subrouti Step. #18Q :

R o R e

deiearsedigfbpmnaneofaexanpt Bag hecopéngsti dm gdneratengrio data
code parapeters for nulti-angle control.

S At TG T bhoR £ =F ho pF BECSeoT O PG oNRFaFTRE ToPnEables
£ANGQUe o 3Bt 6% Of 2nd0PoS eRAL €5SaSVEASRANINnSFERBM 27 and
2QMJJ]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 #1200 for audio and
video encoding. .

The encode parameter production steps (step #1800)
are described in greater detail belcw referring to Figs. 52,
53, 54, and 55.

Based on the encode parameters produced in step
#1800, the video data and audioc data are encoded in step
#1900, and the procedure moves to step #2000.

Note that the sub-picture data is normally inserted
during videc reproduction on an as-needed basis, and
contiguity with the préceding and following scenes is
therefore not usually necessary. Moreover, the sub-picture
data is normally video information for one frame, and unlike

audio and video data having an extended time-base, sub-picture
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mul ti-angle control is described first. This streamis
gener ated when step #1500 in Fig. 34 returns NO and
the following flags are set as shown: VOB Fsb = 1 or
VOB Fsf =1, 20 VOB Fp =1, VOB Fi =1, VOB Fm- 1,
and VOB FsV = 0. The follow ng operation produces the
encoding information tables shown in Fig. 27 and Fig.
28, and the encode paraneters shown in Fig. 29. At
step #1812, the scenario reproduction sequence 25
(path) contained in the scepario data St7 is
extracted, the 121 VOB sdt? fumber VOBS NO i s set, and
the VOB nunber VOB NOis set for one or nore VOB in
the VOB Set. At step #1814 the maxinmumbit rate ILV BR
of the interleaved VOB is extracted fromthe scenario
data St7, and 5 the maxi num video encode bit rate V
ARATE fromshel Encotertplr amstret s iiss gt basedagd vt he@resented

inﬁgghgg&glflag \(Egggusgtt%ﬂg g@ége { Siﬁpeﬁéﬁ%g’ relates
TRe m nrnunTi nt erl'eaved uni presentation tinme |LVU
Mletsfexhiagt eckd r orehh@eseenain® daicm - EanStegs At contiguocus
step #1818, the video encode GOP structure, GOPS ,
TEPHRIUREIOT5 agnfemcr B g SRS/ ARF THEP &P sPFusbiirgioture

A xh ngncéhélg? _Bxiltagal sestlin( Fol) sibpigdien the
multi-scene flag VOB Fp setting (= 1). 15 Step #1820

i s the confBAPVEROA&At d ssetthe njasbusire, inwi chopR comprising
SesSL1 pedobel oW LeT/Idd 9 L% G Jd LW LN B Be repeated
as many times as there are VOB Sets. This loop formats the
program chain VTS_PGCH#i to contain the reproduction sequence
and other reproducﬁion information for each VOB in the title
(Fig. 16) in the program chain data structure, interleaves the
VOB in the multi-scene pericds, and completes the VOB Set data
stream and VOB data stream needed for system stream eﬁcoding.
The procedure then moves to step #2100.

At step #2100 the VOB Set data stream is completed
as the encoding information table by adding the total number
of VOB Sets VOBS_NUM obtained as a result of the loop through
step #2000 to the VOB Set data stream, and setting the number
of titles TITLE_NO defining the number of scenario
reprodﬁction paths in the scenaric data St7. The procedure
then moves to step #2200.

System stream éncoding producing the VOB (VOB#i)
data 1in the VTS title VOBS (VTSTT_VOBS) '(Fig. 16) is
accomplished in step #2200 based on the encoded video stream

and encoded audio stream output from step #1200, and the
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36. This commobn VOB data setting routine produces the

encoding information tables shown in Figs. 27 and 28,

and the encode paranmeters shown in Fig. 29. 20 At

step #1822 the video material start tinme VOB VST and

video material end time VOB VEND are extracted for

each VOB, and the video encode start tine V STTM and

vi deo encode end tinme V_ENDITM are used as vi deo

encodi ng paraneters. At step #1824 the audio materia

start time VOB_AST 25 ofj,gach VOB is extracted from

the scenario data St7, and the - 122 audi o encode

start tine A STTMis set as an audi o encodi ng

paranmeter. At step #1826 the audio material end tine

VOB AEND is extracted for each VOB fromthe scenario

data St7, and at 5 a tine _not exceedin he VOB AEND
SRTHET RRFEEFAE Sexty dct%d 5?‘an2¥iﬂ3f%§%éﬂﬁFuﬁP?n moves to
sd{PBas60set as the audi o encode end tine A ENDIM

which is an audi o encodi ng paraneter. Note that the

audi 0 acc®ss shrR ARG dérer Hiked idformetdwdt o VTSI, VTSI

£ éjr!‘l 0 0 8 t udi a -
A chl)' GAl ol#tgggllnmeg-rs% roMr%Et' %6%};)?% e%rga%%g%%%egﬁ%{lﬁe{ebﬁ—@su ’
and dgoe encosteast @rd it i hefdr-SITMbnavtst hecatdi coencod@ing the

stajt tine Ak§TTM is defined as a system encode .
VHarHER &CPRIR PR TP THE RRA'G it Fgdy  ACERBBARToduced,

ar@btRi ARtk £ 8 feOM £be didhsiencenbetyesfet BReVir@80contained
encode end tinme V ENDTM and the audi o encode end tine

iqqQ%EﬂwppgidgpﬁmgjQﬁr%pQWStéﬁ]accomplished. The specific

steps executed in this formatting operation are described
below with reference to Figs. 49, 50, 51, 52, and 53.

The encode parameter production subroutine shown as
step #1800 in Fig. 34B is described next using Figs. 52, £3,
and 54 using'by way of example the operation generating the
encode parameters for multi-angle control.

Starting from Fig. 35, the proceés for generating
the enceode parameters of a non-seamless switching stream with
multi-angle control is described first. This stream is
generated when step #1500 in Fig. 34 returns NO and the
following flags are set as shown: VOB _Fsb = 1 or VOB_Fsf = 1,
VOE_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.-zs, and the encode parameters shown
in Fig. 29.

At step #1812, the scenario reproduction seguence

{path) contained in the scenarioc data St7 is extracted, the
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encode paraneter. At step #1832 the video encoding bit
rate V -BRis extracted fromthe scenario data St7,
and the video encode bit 20 rate V -RATE, which is
the average bit rate of video encoding, is set as a
vi deo encodi ng paraneter. At step #1834 the audio
encoding bit rate A-BRis extracted fromthe
scenario data St7, and the audio encode bit rate

A RATE is set as an audi o encodi ng paraneter. -123- At
step #1836 the video nmatghijal type VOB_V KIND is
extracted fromthe scenario data St7. If the materi al
isa filmtype, i.e., a novie converted to television
broadcast format (so-called tel eci ne conversion)
reverse telecine 5 conversion is set for the video
encaode node V ENCVMD, and defined_as a video encodi

VBEr Sret MMORT HRF FBRIF 1R audPDd EBA HBBWEPH@&rV _NO is

sA-KENR ke o4 hRGLedR AR the segnadLo data St7, and
t he encoding method is set as the audio encode nethod

A ENCMD apd s%‘-ter;asfﬂamlf!au@n@ mi@imppodiitg pranBLELBERALCE the
%&Sglg%§4§] 1%'% Fﬁe %V'23%$Q%.datenarkgT.Ltaegé% and

At val ue o erct §°a'val ve
thhamaxtihewnV/BYided f encedd waldierses byMihas astowi dRe encode
encode data V ENDST, and defined as a video encodin

9
PREPRRECES. 185SA} %T%%i#Tsﬁf%lﬁ?qﬂﬁ§%ﬁﬁﬁxﬁlaﬁj¥qﬁaﬂﬁ Setting
(Lheypreceding connection is set to the preceding VOB

nunber B_VOB NO based on the setting (= 1) of the
precedi ngAYOBstsean! #d8idonnddts orminimum  interleaved unit

presentation time ILVU MT is extracted from the scenario data
8t7. |

At step #1818, the video encode GOP structure GOPST
values N = 15 and M = 3 are set, and the GOP structure fixing
flag GOP_Fxflag is set (= 1), based on the multi-scene flag
VOB_Fp setting (= 1).

Step #1820 is the common VOB data setting routine,

. which is described below referring te the flow chart in Fig.

36. This common VOB data setting routine produces the
encoding information tables shown in Figs. 27 and 28, and the
encode parameters shown in Fig. 26.

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 videoc encode
end time V_ENDTM are used as video encoding parameters.

At step #1824 the audio material start time VOB_AST

of each VOB is extracted from the scenarioc data St7, and the
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flag VOB _Fsb, and set as a system encode paraneter. At

step #1844 the VOB nunber VOB _NO of the following 20
connection is set to the followi ng VOB nunber 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 paraneter. The encoding information table and

encode paranmeters are thus generated for a

multi-angle VOB Set with non-seamess 25 nulti-angle

swi tching control enabled,,,124- The process for
“generating the encode pardneters of a seaml ess

switching streamwith nmulti-angle control is

descri bed below with reference to Fig. 37. This stream

is generated when step #1500 in Fig. 34 returns YES

and the 5 followng flags are set as shown: VOB Fsb =
apdiP RS TAF St3rC YEBSFR_STEM V@B ¢ =28, 2Po8 = ancodmg
pakd¥ER.FSVY = 1. The follow ng operation produces the
encodi ng information tables shown in Fig. 27 and Fig.

28, and t ke ervcmd et ERamite s Showe tani sl gnd o imeg VOB_AEND
1ahe to Wi era roduc t he _encadi n

PPBERRTO L0 G5 Shomh (T G0t Sty g Sy and =t
at Beémee noade AR fthes hawn AENTFitg.me29. mlsstte:pne extracted
#1850; the scenario reproduction sequence (path

3B ofifaPHEG T RAIRESs Citidr | GAMt 4 SSEP ST b1Radtidth® Hwede end

tg:lﬁeV@EﬁgtI'W%m%ﬁi YOBSn NOh b 86 SEf co@ig t MeE- spafore that
NOis set for one or nore VOB in the VOB Set. At

tb@epuﬂi%ecphesn&mmmm ts rcéﬁieemm@w thre audic encoding
method.

At step #1828 the audic start gap A_STGAP cbtained
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 audic end gap A_ENDGAP obtained
from the differénce between the video encode end time V_ENDTM
and the audioc encode end time A _ENDTM is defined as a system
encode parameter.

At step #1832 the video encoding kit 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 encoding,
is set as a video encoding parameter.

At step #1834 ﬁhe audio encoding bit rate A BR is
extracted from the scenario data St7, and the audioc encode bit

rate A _RATE is set as an audioc encoding parameter.
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interleaved VOB is extracted fromthe scenario data
St7, and the maxi num video encode bit rate V MRATE
fromthe encode 20 paraneters is set based on the
interleave flag VOB Fi setting (= 1) . At step #1854,
the mninmnuminterleaved unit presentation tinme |ILVU
MIis extracted fromthe scenario data St7. -125 At
step #1856, the video encode GOP structure GOPST
values N = 15 and M= 3 are set, and the GOP structure
fixing flag GOP_Fxflag ig,set (= 1), based on the
multi-scene flag VOB Fp setting (= 1). 5 At step
#1858, the video encode GOP GOPST is set to "closed
GOP" based on the nulti-angle seam ess switching flag
VOB_FsV setting (= 1), and the video encoding
paraneters are thus defined. Step #1860_is the _comp

VOB data <&t 1579 rddditnéRe YARR; ﬁtF§13§ be€8Er YBBaV- RIND is

e&@%ﬂdﬂé&)ﬂﬁb&rﬁhélQﬂéﬁgﬁié BAcEl 86735, rfFWHNGfaterial is a
description thereof is thus omtted here. The encode

fﬂ&ﬂamﬁﬁﬁs bfea, seaMQ¥%$svwmtﬁrhgdstpeamlaM#aion broadcast
£ - a trol e thus defi ned. fo a
g%k%. q%tlcggq dp tg Snvey¥ igs%hetelec1ne

-angle con rol as escrlﬁea abov
cpnyesssidror igerertat fag the entadse pabaﬂetemsdéow;ENCMD, and

g streamin which parental |ock control is
eﬁﬁlné’ Ated VSRS DRIV UFEF 1 ef erence to Fig.

38. This siv e g1s9enenat sgdwseaoéiﬁg #2001 Vo §. KIND is
34 returns NO and step #13
extracted from the scenario data 8t7, and the encoding method
is set as the audio encode method A_ENCMD and set as an audio
encoding parameter. »

At step #1840 the initial wvideo encode data V_INTST
sets the initial value of the VBV buffer to a value less than
the VBV buffer end value set by the last video encode data
V_ENDST, and defined as a video encoding parameter.

At step #1842 the VOB number VOB_NO of the preceding
connection is set to the preceding VOB number B_VOB_NO based
on the setting (= 1) of the preceding VOB seamless connection
flag VOB_Fsb, and set ags a system encode parameter.

At step #1844 the VOB number VOB_NO of the following
connection is set to the following VOB number F_VOB_NO based
on the setting (= 1) of the following VOB seamless connection
flag VOB_Fsf, and set asla system encode parameter.

' The encoding information table and encode parameters
are thus generated for a multi-angle VOB Set with non-seamless

multi-angle switching control enabled.
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returns YES, i.e., the followng flags are set as
shown: 20 VOB Fsb =1 or VOB Fsf =1, VOB Fp =

VOB Fi =1, VOB Fm- 0. The followi ng operation
produces the encoding information tables shown in

Fig. 27 and Fig. 28, and the encode paraneters shown
in Fig. 29. At step #1870, the scenario reproduction
sequence 25 (path) contained in the scenario data St7
Is extracted, the - 126 VOB Set nunber VOSS NOis set,
and the VOB nunber VOB NO, set for one or nore VOB
in the VOB Set. At step #fgéi the maximumbit rate ILV
BR of the interleaved VOB is extracted fromthe
scenario data St7, and 5 the maxi num vi deo encode bit
rate V MRATE fromthe encode paraneters is set based
on the interleave flag VOB Fi setting (= 1) At step
#1872 the ﬁ&%BFOS?SFnF%ﬂ%%%HaW Y iSO RAFIRsFers of

ks gxdkacted Jyamdhg seenaip data Shf1t110nSHEP control is
#1876 is the conmmon VOB data setting routine, whichis

assdedbribdg oef ewirﬁMgreei)erdmer:él ow €Hart 3 Fighi8Sstream is
EURLOSE AeSALLDT LoD, LGI8R) 18 thue of thed eLe- Jle ng cne

ncode par anet er Syst et st Féamih

pamatvahgl ﬁmhgeoafé Odet Sad NhemENt@sh arso thus gdefioredrse = 1,
Set_with nulti-scene selection contro

a
%ﬂ%bf@d a§'(ﬂgﬁ#€bed 4boVEE_Fife prbcedsdf §PB_FsvV = 1. The

ﬂsnﬁéalhagobgﬁagﬂsﬂdﬁr@éﬁ@@EtEﬁé EQEod§n§Y§£QEE§EE§@% tables
containing a single scene is described bél ow
shown in Fig. 27 and Fig. 28, and the encode parameters shown

in Fig. 29.

The following operation produces the encoding
information tables shown in Fig. 27 and Fig. 28, and the
encode parameters shown in Fig. 29.

At step #1850, the scesnaric reproduction sequencs
{(path) contained in the scenario data $t7 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 scenaric data St7, and
the maximum video encode bit rate V_MRATE from the encode
pParameters is set based on the interleave flag VOB_Fi setting
{= 1}.

At step #1854, the minimum interleaved wunit
presentation time ILVU MT is extracted from the scenario data

St7.
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with reference to Fig. 70. This streamis generated
when step 20 #900 in Fig. 34 returns NO i.e., when
VOB Fp=0O. The follow ng operation produces the
encodi ng information tables shown in Fig. 27 and Fig.
28, and the encode paraneters shown in Fig. 29. At
step #1880, the scenario reproduction sequence 25
(path) contained in the scenario data St7 is
extracted, the 127- VOB Set nunber VOBS NO is set, and
the VOB nunmber VOB_NO is ;get for one or nmore VOB in
the VOB Set. At step #1882 the maximumbit rate ILV BR
of the interleaved VOB is extracted fromthe scenario
data St7, and 5 the maxi num video encode bit rate V
MRATE from the encode paraneters is set based on the

interleave flag VOB _ Fi_ settin =1 t e 1884 is

t he connn%quﬁgﬁhggﬁgérchﬁ Vgﬁfgn%?goéki%%gi%t5%Cture GORST
vaeseld hed nef ahd ROt 9 Lhe flow £h@rdind add t8bctudd fixing
Further description thereof is thus omtted here.

£¥REs EFH_FH IR t 55 f ot défFi AP ngbrEedepBodigg Multi-scene flag
Vo fg&n@ki bl e .and encode paraneters thus generate

t%@ pargﬁgftrsafg?'DVD vi deo, audi o, and system

stream enégdistep byrd e, Dvbef otdatt encodd FOPMAICEST is set

tfIQ,c 'Qgéc)orption gf t he subroutine ée%%te é@/tggatch:ﬁ

BVDWﬁTOor mat‘%)gﬁ PR a%7 sFER E‘?‘gﬁﬁ PRIEFg °°3HB S5 +ng
fdegcrobedsweskrtwhth (cef el ense £ Rigfko 4hcdindbarameters
52, and 53. This

are thus defined.

Step #1860 is the common VOB data setting routine,
which is as described referring to the flow chart in Fig. 35.
Further description thereof is thus omitted here.

The encode parameters of a seamless switching stream
with multi-angle control are thus defined for a VOB Set with
multi-angle control as described above.

The process for generating the encode parameters for
a system stream in which parental lock control is implemented
is described below with reference to Fig. 38. This stream is
generated when step #1200 in Fig. 34 returns NO and step #1304
returns YES, i.e., the following flags are set as shown:
VOB_Fsb = 1 or VOB_Fsf = 1, VOB _Fp = 1, VOB_Fi = 1, VOB_Fm =
0. The following operation produces the encoding information
tables shown in Fig. 27 and Fig. 28, and the encode parameters
shown in Fig. 29.

At step #1870, the scenarioc reproduction seguence

(path) contained in the scenario data St7 is extracted, the
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formatter subroutine generates the DVD nul tinedia
bitstream 20 The operation of, the DVD encoder ECD
1100 according to the present invention is described
with reference to the flow chart in Fig. 49. Note
that those steps shown in Fig. 49 with a double line
are subroutines. At step #2310 the program chain
information VIS PGCI 25 is set to the VTSI nmanagenent
table VTSI _MAT for the nunmber -128- of titles TITLE
NUM based on the nunber 512éjtles TITLE NN in the
VOB Set data stream At steéep #2312 it is determ ned
whet her nulti-scene selection control is enabled
based on the nulti-scene fI 5 VOB Fp in the VOB Set
data stream |If step #2312 returns NO i.e.,

nul ti-scene control is not enabl ed, thevprocedure

Vv 8 C tiep ¥2334TC AbssERp - #2384 SPRe VoIS PAIRAT {673 _NC is

se@difdg 3 N 610,50 ARG (MORL EXGGMted: by the formatter
1100 of the authoring 10 encoder EC shown in Fig. 25

IS accorrpIAtsrmldepTms?Bomhlen@a}s.m@esluu bedtéaffléiV_BRf of the
.step #231 rns Y [ mul ti-scene control, _is_
léltri%a %ne pr o&edit efar%tveeds ftror%tté‘e T é)?%ab Se7, and
tﬁz-shﬁaximms detebmartahet her rhhe vg&mﬁmrﬂabhorﬁﬂas encode
to be interleaved or not based on the interleave flag

POEBTE-SFEatE SRt RESYEeB Betheatat STt eAF 1§29 {Ep-F+ secring
(#2316 returns NO, i.e., the information is not to be

interl eaved, the procedure noves to step #2314. |f
step #231&t step #1872 the number of interleaved VOB

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. 35.
Further description thereof is thus omitted here.

The encode parameters of a system stream in which
parental lock control is implemented are thus defined for a
VOB Set with multi-scene selection contrel enabled as
described above.

The precess for'génerating'the:encode parameters fof
a system stream containing a single scene is described below
with reference to Fig. 70. This stream is generated when step
#9500 in Fig. 34 returns NO, i.e., when VOB_Fp=0. The
following operation produces the encoding information tables
shown in Fig. 27 and Fig..za, and the encode parameters shown
in Fig. 29,

At step #1880, the scenario reproduction sedgquence

(path) contained in the scenarioc data St7 is extracted, the
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returns YES, i.e., the information is to be

interl eaved, the 20 procedure noves to step #2318. At

step #2318 it is determ ned whether nulti-angle

control is to be inplenented based on the nulti-angle

flag VOB Fmin the VOB Set data stream If step #2318
returns NO the parental |ock control routine in step

#2320 is executed. 25 If step #2318 returns YES, the
procedure noves to step #2322. - 129 At step #2320

the operation for formatting the VOB Set for parental

|l ock control is executed: ¥his subroutine is shown in

Fig. 52 and described below. At step #2322 it is

determ ned whether nulti-angle 5 seanl ess sw tching

IS required based on the nulti-angle seanless

swtching flag VOB FsV. If multi-angle switching is

U onpF i SHBEEHI VABELNSeam eS¢ - swincc friteg, VOB ewynivet hVOB_NO is
aN-£ S S i i nd_st 2322 returns NO, the
procedu?gagﬁgﬁzﬁg%%h% ep§%2§5%?0?% %ﬁé‘nulti-angle
non-seanl e&ts siep CHLRg2C @Mkl Glaximain | BE: exgedt @dvi BR of the
38R #2326, hy the formatter 1100 of the aut hori ng

encoder imFY YIRS TIPedharsienatie data st7, and

Uhﬁ&m&ﬁ@ﬁu&OVEhgo @%cdéer%&éiiéleqf$ﬂﬁfg”Pgo£sthe encode
acconplished with 15 seanl ess switching control,

PRIGMETSTS, g0 S2y PeradnsnYES: imeerhracediies MRRF L Getting
(st ep #2324. The multi-angle seanl ess switching contro
routine executed in step #2324 by the formatter 1100
of the auttem #3884 is the common VOB data setting routine,

which is as described referring to the flow chart in Fig. 35.
Further description thereof is thus omitted here.

' These flow charts for defining the encoding
information table ahd encode Parameters thus generate the
parameters for DVD video, audio, and system stream éncoding
by the DVD formatter.

Formatter flows

The operation of the subroutine executed by the DVD
formatter shown as step #2300 in Fig. 34B is described next
with reference to Figs. 49, s9, 51, 52, and 53. This
formatter subroutine generates the DVD multimedia bitstream.

The operation of the DVD encoder ECD 1100 according
to the present invention is described with reference to the
flow chart in Fig. 49: Note that those steps shown in Fig.
49 with a double line are subroutines.

At step #2310 the program chain information VTS_PGCI

15 set to the VTSI management table VTSI_MAT for the number
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encoder EC in Fig. 25 is described later with
reference to 20 Fig. 51. The cell playback
information (PCG information entries C PBI) of the
VTS information VTSI set as previously described is
then recorded. At step #2330 it is determ ned whet her
all VOB Sets 25 declared by the VOB Set nunber

VOBS _NUM have been processed -130- by the formatter.
If NO control |oops back to step #2312, and the
process runs again. If YEggall sets have been
formatted, the procedure term nates. Referring to Fig.
50, the nmulti-angle non-seaniess 5 switching contro
routi ne executed in step #2326 when step #2322, Fig.
49, returns NO is described. This routine defines the
|nterleaved arrangenent of the nultinedia bitstream

OFRS >t & Tort PR8I c8N CRFayhEne Y Mlormtton TITLE_NUM

inCeRBl #iop ShaW.gad dd8ardb, and the information
stored to the navigation pack 10 NV shown in Fig. 20,

in the gedér &ted BB YRIIHY edide W aminehwheyRSr Apulti-scene
4 op_t It| | ag o
s%g%?ﬁﬁé% x ; J9%|g?|%§a ther nﬁft%-anggé coﬁ%ro(:7% T

VappFpedn khet MeEnBEti astenetpeamnod, If heteel#2bl Deketurns NO,
.ode CBgEéEi%. 16% 15 of the cell a%back information
B BockE Lo RBP AP BT AF Atng® THE VEBPLER: rohe PRodesudt noves
tbnkeepBlz2an af or each scene is declared according to

the position of the angle data. For exanple, the cel

bl ock nod@tCBMa t#RB1WAEhse| PreFrpioR3)fars ¢edinged single

s88ne (VOB) executed by the formatter 1100 of the authoring
encoder EC shown in Fig. 28 is accomplished. This routine is
described later.

If step #2312 returns YES, i.e., multi-scene ccnzzcl
is enabled, the procedure moves to step #2116. '

At step #2316 it ig determined whether ths
information is to be interleaved or not based on the
interleave flag VOB_Fi state in the VOB Set data stream. If
step #2316 returns NO, i.e., the information is not to be
interleaved, the procedure moves to step #2314. If step #2316
returns YES, i.e., the information is to be interleaved, the
Procedure moves to step #2318.

At step #2318 it is determined whether multi-angle
control is to be implemehted based on the multi-angle flag
VOB_Fm in the VOB Set data stream. If step #2318 returns NO,
the parental lock control routine in step #2320 is executed.

If step #2318 returns YES, the procedure moves to step #2322.
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Olb to indicate the beginning of the cell block, the
CBM of 20 MA2 is declared as Iob to indicate a cel
between the firs and last cells in the block, and the
CBM of MA3 is declared as |IIb to indicate the end of
the cell block. At step #2342 based on the nulti-angle
flag VOB_Fm setting (= 1) declaring whether

mul ti-angle control is applied 25 in the multi-scene
period, the cell block type CRT (Fig. 16) 131 of the
cell playback information cks C_PSI #i contai ning
the VOB control information“for each scene is declared
as 0lb to indicate an "angle." At step #2344 the
seanl ess playback flag SPF (Fig. 5 16) is set to 1 in
the cell playback information blocks C PBI #i
containing the VOB control information for each scene ,
based on the preeeti?AgCVvoBeseRfFasictonfBEctPERafFdgs the VOB

\@_F§grsib§§:@nta%|l%ré}é %c%%trc;lo ]s t&é&?ﬂé@t € Bhis subroutine
seanl ess connection. At step #2346 the STC resetting

flaEIST@DFinsFset 520atd @esnrnhedcbbROEIayback

i nformation, bl ocks g? ainin CE
. 1ti 1
control |nfo$na F ng% Le’a%h scé%%elgége whetfer multi-angle

preaerk sy LR sealiess copagat kea flbﬁ@e&/(]%rFSlﬂh&t atm@lti-angle
which is set to 1 to indicate a seanl ess connecti on.
SRATYRAF HPRUECRIRS | ThAF OREF Gl | SEaFRORITPRGIFARY Ifshing Ls

(a%cgam&@sﬁédsehérwc ' @etahﬁe“s%' | Pl ayback | nf L MAtiAL non-
bl ocks C_PSI #i containing the VOB cont r ol

|ﬂﬁ&ﬂlﬁﬁ$OﬂWiOcheaghasdeﬁGePbd§§@2omaﬂu;nﬁﬂKQ~ah@#eprocedure
s%§p1e S, SW éch%992 lag VOB FsV state, which is set
T% 0 7 ndi cat erieaving is required.
The multi-angle non-seamless switching control

routine executed in step #2326 by the formatter 1100 of the
authoring encodexr EC in Fig. 25 is described later with
reference to Fig. 50. '

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 routine
executed in step #2324 by the formatter 1100 of the authoring
encoder EC in Fig. 25 is described later with referxence to
Fig. S1.

The cell playback information (PCG information

entries C_PBI) of the VTS information VTSI set as 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
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At step #2350 the | ocation of the navigation pack 20
NV (relative sector nunber fromthe VOB beginning) is
detected fromthe title editing unit (VOB bel ow)
obtained fromthe systemencoder 900 in Fig. 25, the
navi gati on pack NV is detected based on the m ni num
interleaved unit presentation tinme |ILVU M
information (a formatter paraneter obtained in 25 step
#1816, Fig. 35), the location of the VOBU expressed as
- 132 the nunber of sectqgrg_fromthe VOB begi nning,
for exanple, is thus obtained, and the title editing
unit VOB is divided into interleave units using VOBU
units. For exanple, if' in this exanple the mnimm 5
interleaved unit presentation tinme ILVU MI is 2 sec

and th% resentation tinme of one VOBUis 0.5 sec.,
PYhehl®t AETVOB S - diti d& i FRY-T N eF TRV LTNT L ECof tEP #2312,

aV§BURACHroNoLE thals thisinal | ofat el opelfAt QR d Shave been
applied to the VOB constituting each nulti-scene data
fernatted. Abhst ppogedszet herppanatkesave units of each
VOB obt aj tom step. #23 a arranged_jn_t cell
bl ock nodggﬁgﬁkfggqﬁgngég(cgp[ %ﬁ%cﬂug%gi%%%ga,ngn Seamless
swiddhingandnendicaeldid)inavétd @it ad ithesvYeB GREIO| when step
information for each scene in step #2340 to formthe

#3382t 15 ed bl 5ESTRS YRotw IFFHPeF1 oPifsredtiffedelines

tlﬁ@tﬁﬂi@ﬁl/ggv@cliOggﬁaﬁgméﬂgno.@dﬁjﬁg h@1 E NRe VTS bitleream Mrs,
VOBS (VTSTT_VOBS) . ing the cell block node CBM

thpcteraerbnet BRvesll orlavkapk einforemapipe E6tEBRAL) shown
J.rg/?é_hgeﬁg% ,M%_n?& Q:Exleg in%%kma%ri%nars{:ggggdtgntfigaxtxavigation pack
NV shown i.n Fig. 20, in the generated DVD multimedia bitstream
MBS.

At step #2340 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control ishapplied
in the multi-scene period, the cell block mode CBM (Fig. 16)
of the cell playback information blocks C_PBI #i containing
the VOE control information for each scene 1is declared
according to the position of the angle data. For example, the
cell block mode CBM of the MAl1l cell (Fig. 23) is declared as
01lb to indicate the beginning of the cell block, the CBM of
MA2 is declared as 10b to indicate a cell between the firsc
and last cells in the block, and the CBM of MA3 is declared
as 11b to indicate the end of the cell block.

At step #2342 based on the multi-angle flag VOB_Fm
setting (= 1) declaring whether multi-angle control is applied

in the multi-scene period, the cell block type CBT (Fig. 16)
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At step #2354 the relative sector nunber fromthe 20
VOBU start is witten to the VOB end pack address
VOBU EA (Fig. 20) in the navigation pack NV of each
VOBU based on the VOBU position information obtained
in step #2350. At step #2356 the first cell VOBU start
address C FVOBU SA and the last cell VOBU start
address C LVOBU SA 25 expressed as the nunber of
sectors fromthe beginning of the - 133 VIS title
VOBS (VTISTT VOBS) are witygpn-as the addresses of the
navi gation packs NV of the first and |last VOBU i n each
cell based on the VIS title VOBS (VISTT VOBS) data
obtained in step #2352. The angle #i VOBU start
address NSML_AGL_C1_ DSTA - NSML AGL_C9_ DSTA of the

non-geant e L0 L ain
t he navi gat?oﬁﬂgg of “8EH 1\7633%1 vvrl-t %In % containing
sthep V2B 58n chhils 1&:(15(?]5‘3:&&8:1](:&1 egYy esst@dsasnkhes Hekakkvd& as 01b
sect.or. nunber inside the data of the interleaved 10

5o RSB fe P n *29 LD #2352, and decl ares the address

i nfornati orhd{ Fiep S50)3.0f dhe é@é’ﬁﬂ@éé %mgckalag SPF (Fig.
contained in the VOBU of all angle scenes near the

pfdséfit geitofostain theaecedl pheyivask befcngmateees%b@lcks C_PBI
v TEF FER" witten . .t.o t an
B ELERRIO0 T8 ISR S gl beses

BSTAhef prteh:@dm'tg sezBY et lang editfarumdn ol NPMORGdL state,
navi gati on pack NV of each VOBU, i f

%E 9 g n the
& %7(]% & tlﬁg:(i)rjocté%sjé't{il‘?%t? e FeRTLISABUFGRNEgERCD -
scene in the BUdd -$£808 PRLI 88¢c resetting flag STCDF is set

to 1 in the c¢ell playback information blocks C_PBI #i
containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1 to indicate a seamless connection.

At step #2348 the interleaved allocation flag IAF
(Fig. 16) is set to 1 in the cell playback information blocks
C_PBI #i containing the VOB control information for each scene
based on the multi-angle seamless switching flag VOB_FsV
state, which is set to 1 to indicate interleaving is required.

At step #2350 the location of the navigation pack
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 parameter obtained in

step #1816, Fig. 35), the location of the VOBU expressed as
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This routine thus formats the interl eaved bl ocks for
20 mul ti-angl e non-seanl ess switching control in the
nmul ti-scene period, and formats the cell contro
information as the reproduction control infornmation
for those multiple scenes. Referring to Fig. 51, the
mul ti-angle seanl ess swi tching control routine
executed in step #2324 when step 25 #2322, Fig. 49,
returns YES is described. This routine - 134 defines
the interleaved arrangenepi, of the nultinedi a
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 5 nultinedia bi t st ream
S. At ste #2370 based on_the nulti-angle fI %
E{\%B”#’rﬁb set 5 7§ ) 1dE8 AFengORhBERAP MiFt i FRRgFEA™RPLS. 1S
tHUH IHed iShappldRd cHe clik sMdlitiiciseengipevbadist B8vided into
cell block node CBM (Fig. 16) of the cell playback
it Yo ivb ot Kes TPBYORY ewhtaining 10 the VOB
control i for e e
accor di ngr%%%iﬁél% onﬂig) en%i at“ggle?(i the  minimum
uauﬁqﬁQﬁvddmunxel¢rhbenkanbdﬁ EBMbotvaemelscalsec and the
is declared as Qb to indicate the

BRI AG-B1 THE® CBF| BRo=1 i CBM of oo chgn the VOB is

ddeglared s 10R 0 dRd alie A cgekl vBatWegsht hendid Sthae this
15 and last cells in the block, and the CBMof MA3 is

AdAatePn &P9EaF i iimlisgmid eheefdoVahegrituting each

m*&'l%“ist%tneStcfa%a#Zﬁ-F based on the multi-angle flag
OB _Fm setting (= 1) declaring whether nulti-angle

ontrol | ftapptepd #2352 the interleave units of each VOB
obtained from step #2350 are arranged in the cell block mode

CBM sequence (cell bklock beginning, middle, and end cells)-

- written as the VOB control information for each scene in step

#2340 to form the interleaved blocks as shown in Fig. 71 or
72. The interleaved blocks are then added to the VTS title
VOBS (VTSTT_VOBS). Using the cell block mode CBM declarations
above, for example, the angle data MAl, MA2, and MA3 (Fig. 23)
are arranged in that segquence.

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 informatioﬁ obtained in step #2350.

At step #2356 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA

expressed as the number of sectors from the beginning of the
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in the nulti-scene period, the cell block type CBT

(Fig. 16) 20 of the cell playback information bl ocks

C PBlI #i containing the VOB control information for

each scene is declared as Ob to indicate an "angle."

At step #2374 the seanl ess playback flag SPF (Fig.

16) is set to 1 in the cell playback information

bl ocks C PBI 25 #i containing the VOB contro

i nformati on for each scene based 135- on the preceding

VOB seami ess connection f|3g;VOB Fsb state, whichis

set to 1 to indicate a sea ess connection. At step

#2376 the STC resetting flag STCDF is set to 1 in the

cell playback -information blocks CPBI # 5

contai ning the VOB control information for each scene

based on_the reced VOB seanl ess connecti on flag

VOB F%bt%?aFQ S* NS 5 SO880 0oL - HGRil G ot addresses of

3ﬁﬁﬂ1ﬁ§$1§QEQgﬁtF@&kgﬁN@t@@ #R378:1be LplenlLeavefory in each

al l ocation flag (Fig. 16) is set to 1 in the cel
%ﬁ&nkﬁs?ﬁféﬂnﬁbﬁoﬁﬂﬁ(ﬁyaie:NPH§F¥¥TSﬂT4%Qﬁ%Inﬁﬁga obtained

t C information for each scene based on
iﬁaé@%%lgan% seanl ess switching flag VOB FsV

state, mhlchheSaﬁgletwllvaUi@ﬂ&ﬁﬁiﬁddf&ﬁgImsmLQgGL§c1_DSTA -

g@flred At_step #2380 the |ocation of the N
Lyt Tor Ptk TRV Pfel &PPve "SECSA G Ter FOH t hgnformation

WeRbegimni ndlg | S Petigrteedd nl;@-:.fgra%mohhﬁat:kt ke sdi Ebﬂﬁ VOBJ is
uni t (VOB belomb obtai ned fromthe system encoder 9

Wi it tpn 28F t%maﬁ?géﬁkon ?;faveﬁk wdFSSSde{Sec‘P%Hrbaged as the

LVU NW I nformati on a for par amet er obtalne
blccks formed in ‘step #2352, and declares the add es

information (Fig. 50) of the navigation pack NV contained in
the VOBU of all angle scenes near the presentation start tims
of the VOBU being processed. -

At step #2360 "7FFFFFFFh" is written to the angle
#i VOBU start address NSML_AGL_C1_DSTA - NSML_AGL_CZ9_DSTA of
the non-seamless angle information NSML_AGLI (Fig. 20) in the
navigation pack NV of each VOBRU if the VOBU being processed
is the last VOBU of each scene in the multi-scene period.

This routine thug 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 info-rmation for those multiple scenes.

Referring to Fig. 51, the multi-angle seamless
switching control routine executed in step #2324 when step

#2322, PFPig. 49, returns YES is described. This routine
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step #1854, Fig. 37), the location of the VOBU
expressed as 20 the nunber of sectors fromthe VOB
begi nning, for exanple, is thus obtained, and the
title editing unit VOB is divided into interleave
units using VOBU units. For exanple, if in this
exanple the mninmum interleaved unit presentation
time ILVUM is 2 sec and the 25 presentation time of
one VOBU is 0.5 sec., then the VOB is - 136 divi ded
into interleave units of 4;¥YOBU each. Note that this
al l ocation operation is applied to the VOB
constituting each nulti-scene data unit. At step
#2382 the interleave units of each VOB 5 obtained
fromstep #2360 are arranged in the cell block node
seguen (cell _bl.ock heginnin m ddl e, .and. end . .
g%%%§3esmwgﬁ?enlggegﬁ§av cgﬁFﬁﬁéﬂﬁﬁéhrm$?ongF8r multimedia
ascdsSEeMe MBSSt €Re #226Q 0 JfOrdAd heeint g1 hgBYed information
bl ocks as shown in Fig. 71 or 72. The interleaved

bi G&T Bt b TP a0 Yhe 2pFStEe L fpgmgeEgn stored to the

(n\él:)%.-rg-ra.é/%) anﬁi g, tgl@ov@:?l knblquk. r@(g,e %Mthe genexrated DVD -
decl arations™ above, for exanple,” the angle data MAL,

VALt iarrid MASP{ Fegre28) MB&re arranged i n that sequence.

At step #2384 the r ve sector nunber. fromthe
V08U orart 16 TriR ER0Tb TARSCER P pRCKC AOBPELE £1as vos_Fm
Weild By (51() Fagel20 i ngnviidehdBvihgalid -Gh e ke8] is applied
each VOBU based on the  VOBU position information )

dft fted 1P Ietriad . stiep 9oRBePlPefnPde €BM| (Fig. 16)

VB sd %élﬂdgis??ﬁac@ ENEBYnaf 130d hkedAast ¢t | 4 VBhtaining
start address C LVOBU SA

the VOB control information for each scene is declared
according to the position of the angle data. For example, the
cell block mode CBM of the MAl cell (Fig. 23) is declared as
01b to indicate the beginning of the cell block, the CBM of
MA2 is declared as 10b to indicate a cell between the first
and last cells in the block, and the CBM of MA3 is declared
as 1;b to indicate the end of the cell block.

At step #2372 based on the multi-angle flag VOB_Fm
gsetting (= 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 #i containing
the VOB control information for each scene is declared as 01b
te 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 informaticn for each scene based
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expressed as the nunber of sectors fromthe begi nning
of the 20 VIS title VOBS (VISTT VOBS) are witten as

t he addresses of the navigation packs NV of the first
and last VOBU in each <cell based on the VIS title
VOBS (VTSTT VOBS) data obtained in step #2382. At
step #2388 the relative sector nunber fromthe 25
VOBU start is witten to the VOB end pack address VOBU
EA - 137 (Fig. 20) in the navigation pack NV of each
VOBU based on the interlegye unit data obtained in
step #2370. The angle #i ~ U start address
SML_AG._Cl1_DSTA - SML AG._C9_DSTA of the seanl ess
angle information SM._AG.I 5 (Fig. 20) in the

navi gati on pack NV of each VOBU is witten at step
#2390. This address is expressed as the rel ative
sectbr RuAbeRipAsVAE shemdars s tilmredilegy ¢PB_Fsb state,

ngshsi;%g%df;oi i 2080 #4384 . and denlares.d.he addegss
Informati on of the navigation pack NV contained in
t he VOBU oftalslcepngize Brartes 40CwWrébetshar E1egn@TCDF is set

contjguous to the_reproduction end tine.of the VOB o
BRl b pbostedsst cpLpveashy SHopHRRRLR: PLSGHP (GFRT ¥
tenthenangl @neffivodBUY st adeeLhse Sdh Ak 64cRSE&ene based
SML AGL C9 DSTA of the seanless angle information SM-

ACLFheFPgecedinEnVPResesmAgwisgarraRcidcr RVagh VORe Fsb state,
WiBscont aLped i n theiaverleaced Wil d foddifeccion.
Interleave unit arrangegln step #5382 is the 1ast
i nterl eaveaunistepf #2acts sdeneintetheavedtalicenpion flag IAF
Eﬁ%'gf.(’gi?g?ig soutine tirlw_u?:hfeorcrﬁtls g phnteskeaved, s on piocks
C_PBI #i containing the VOB control information for each scene
based on the multi-angle seamless switching flag VOB_FsV
state, which is set to 1 to indicate interleaving is required.

At step #2380 the location of the navigatibn pack
NV {relative sector number from the VOB beginning) is detected
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 parameter obtained in
step #1854, Fig. 37), 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 VdBU units.

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
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mul ti-angl e seam ess swtching control in the
multi-scene 20 period, and formats the cell contro
i nformati on as the reproduction control informtion
for those nultiple scenes. The parental | ock
subroutine (step #2320, Fig. 49) executed when step
#2318 in Fig. 49 returns NO i.e., when it is
deternmined that parental |ock control is inplenented
and - 138 not nulti-angle control, is described next
with reference to Fig. 53¢ _The parental |ock -
subrouti ne descri bed be|OM/MWIteS the interleave unit
arrangenent of the nultinmedia bitstream 5 the
content of the PGC information entries C PBl #i (cel
pl ayback information) shown in Fig. 16, and the

pack NV information shown_in Fig.

navi gati.on
RSB Pheeebrr) ==l LPhEd BPbi CrTemcAL dfahs hat enis
a#2402ca vl r-00kn 1% Wobhtie &Q tthe eolH ccHydiltitking each
node CBM (Fig. 16) of the cell playback informatics
mglgdkScEIEBIEHH2 a@ittai ni ng t he VOB control |nfornat|on
for eachscepe pagedqon the miltlaangle {)2g,V ch vos
state, £6 0 to indi cate that nuftl-
oboatimld If&‘dﬁ'otste@n&hbeﬁ atrat la&'rra‘itmlgteld- sumemelepeﬁldd blL'Eck mode
At step #2404 the seam ess pl.ayhack fl ag. SPF %Fig. a 11s)
B § % o'9°th PHE“CePFIS ck O Frat 18R ene cells

wkheeks, G=PBhe #bpCoHLElH NOhEHEMPBoLOAUF Uach scene in step
i nformati on for each scene based on the ecedln% VOB

#328R &os feuThedid o4l B F3brakat S SWAMEhPs
750 14Q indiGale ASSANESS LOONEEL) O03ded to the VTS title

VOBS (VTSTT _VOBS)}. Using the cell block mode CBM declarations

71 or

above, for example, the angle data MAl, MA2, and MA3 (Fig. 23)
are arranged in that seguence.

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
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 (VISTT_VOBS) 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
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20 At step #2406 the STC resetting flag STCDF is set

to 1 in the cell playback information blocks C PBlI #i

contai ning the VOS control information for each scene

based on the precedi ng VOB seanl ess connection flag

VOB Fsb state, which is set to 1 to indicate a

seam ess connection. -139- At step #2408 the

interleaved allocation flag |AF (Fig. 16) is set to 1

in the cell playback information blocks C_PBI #i

contai ning the VOB control_information for each scene

based on the nultl-angle 3Zn1ess switching fl ag

VOB FsV 5 state, which is set to 1 to indicate

interleaving is required. At step #2410 the

navi gati on pack NV position information (the relative
sector nunber fromthe VOB start) is detected from

tHHe t 119 % JedithshgasHigaqivaBp ot ATvhed fret VORY Spseehen the
sencode ) viga oV is 10

t hen J%?%%?%éf%ggzééoﬁbt%gnﬁgn%grgggglE?gﬁleaved VOB

di vi si ons The \abbVe. &if voBEt tserarparahitesys ot HEU_Ch_DSTA -

874 in Fi , to opt t
i P CHOnE: 3P SROBFESS | PORL P S BH 4], SVEACLE

_ (amg.dlymﬂelﬁaeﬂev@vhgaelbhepsww efF Jubberodl is written

interleave units in VOBU units. 15 At step #2412 the
Ftht2FeRaté39Ri-t s Dot ﬁéérsﬁsStJeEp e¥PUgPSaf e 2Fhdipe re=lative

JJURL eRved EQL s ’éaE'Hls # har L gaye  ualls b%@ks formed

arranged I n ascen er sequence to create
nﬂu§t¢mté235aveanul@Eciarbaﬂmmm addFegs 1bhfonrmaZicancef the

n%gﬁ.ga{%er{l\?%cer (Jlg*%;:z:il(tsala}.{eed a:'(.jrge&xet oVég{? o\gsa]t.ital.zggle scenes
with a start time contiguous to the reproduction end time of
the VOBU being processed.

At step #2392 "7FFFFFFFh" is written to the angle
#i VOBU start address SML_AGL_C1_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 intexleaved
unit if the interleave unit arranged in step #2382 is the last
interleave unit of each scene in the multi-scene period.

Thig routine thus formats the interleaved blocks for
multi-angle seamless switching control in the multi-scene
period, and formats the cell control information as the
reproduction control information for those multiple scenes.

The parental lock subroutine (step #2320, Fig. 49)
executed when step #2318 in Fig. 49 returns NO, i.e., when it

is determined that parental lock control is implemented and
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At step #2414 the relative sector nunber fromthe

VOBU start is witten to the VOB end pack address VOBU

EA (Fig. 20) in the navigation pack NV of each VOBU

based on the VOBU position information obtained in

step #2186. - 140 At step #2416 the first cell VOBU

start address C FVOBU SA and the last cell VOBU start

address C LVOBU SA expressed as the nunber of sectors
fromthe beginning of the VIS title VOBS (VISTT YOBS)

are witten as the address of 5 the navigation packs

NV of the first and last VOBU in each cell based on

the VIStitle VOSS (VISTT YOBS) data obtained in step

#2412. At step #2418 the relative sector nunber to the

last interleave unit pack is witten to the |ILVU end

pack address 10 ILVU EA in the navigation pack NV of _
thet VOBLL L oprRPRE thetialerieadedcuibed pasedwdhnt RELerence to
inierlggved unit data obtained fromstep #2412, At

step #2420, the relative sector nunber in the

i nt er | eavedTheoskr«hat 1 flarakeaubrostcemet @452 riibeagr beflany writas

to the 15 next-ILVU start address_NT | LVU SA as.the.
POEF(BReFAFOF et Toh STEFTRORERT TTVUT MehpLreatn Bicstrean,

NeMé gldneRnRacds NVe Obgthg B G abhediéd NEBI #i (cell
interleaved unit ILVU. At step #2422 the interleaved | ,
urtevbpal ERVOrmRgdon) s shery ot Tt hebnafgatiim navigaticon

0 Y, SO, Sanial 160 120, L T A gt
nawlgahedba bitstream.

At step #2402 a value "00b" is written to the ceall
block mode CBM (Fig. 16) of the cell playback informaticn
blocks C_PBI #i containing the VOB contxol information for
each scene based on the multi-angle flag VOB_Fm state, whicXh
is set to 0 to indicate that multi-angle control is =nct
enabled in the multi-scene pefiod.

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 contreol information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 1 to indicate a seamless connection.

At step #2406 the STC resetting flag STCDF is sest
to 1 in the cell playback information blocks C_PBI #i
containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOBE_Fsb state,

which is set to 1 to indicate a seamless connection.
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pack NV in the last VOBU of the interleaved unit |ILVU
is set to 1. - 141 At step #2426 "FFFFFFFFh" is
witten to the next- ILVU start address NT |ILVU SA of

t he navigation pack NV of the VOBU in the | ast
interleaved unit |1LVU of each VOB. The operation
descri bed above thus formats the 5 interleaved bl ocks
to enable parental |ock control in the multi-scene
periods, and formats the control information in the
cells, i.e., the cell plgxg ck control information for
the nulti-scene periods. e single scene subroutine
executed as step #2314 10 in Fig. 49 when steps #2312
or #2316 return NO, i.e. , when the scene is
determined to be a single scene and not a nmulti- scene

period, is_described next using Fig. 53. The single -
scene subrBht PREP#SEPRhER D RETHT TS Thkocation £lag IAF

irderleaye; ynide ard angenment. Qfeltlhﬁl%uabﬁeghﬁormatlon blocks
bitstream 15 the content of the i nformation

@RI &5l CPBlaincahle PPRydarkr ¢hf Drimtthan)on fown epgh scene
xlféh 1%n209f4?t he flca‘“a@‘lg%' O”a.e ‘Ses'};'\’ %ﬂié’rﬁa}l' O8O0 rev

o tHe genetate
éﬁéﬁéffﬁﬂﬂcﬁ&uﬁb%ﬁ #343Qxﬁiﬁﬁﬂ&ht@&ﬂhe&ﬂ@b@&h@n@s&requlred
‘non-cel | 20 block", i.e., that there is only one

cel | in thREf AR o214 1%] BBR, PIVHFREISRA &5 PheMle| position
ﬂHf&*ﬁQ@g@nCE@héFkglaEQLeogekQ%r %%HbéyzﬁggMﬂ%he VOB start)

information blocks C PH #i containing the V
icordevtcted of nani ohef oA tdacledStdma hasidd WPEUheobtalned from
€H£t§y§¥éﬁlencoder 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 #1874 in Fig.
38, to obtain the VOBU position infofmation (number of sectors
fxom 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 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. 71 or 72, and the
interleaved blocks are added to the VTS title VOBS
(VTSTT_VOBS) .

At step #2414 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 pogition information obtained in step #2186.
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flag VOB _Fp state, which is set to O to indicate that

the 25 scene is a single scene and not part of a

mul ti-scene period. 142 At step #2432 the interl eaved

all ocation flag I|AF (Fig. 16) is set to O in the cell

pl ayback information blocks C PBI #i containing the

VOB control information for each scene based on the

mul ti-angl e seam ess switching flag VOB FsV 5 state,

which is set to O to indicate interleaving is not

required. At step #2434 thle navi gati on pack NV

position information (tHhe %1 ative sector nunber from

the VOB start) is detected fromthe title editing

unit (VOB) obtained from 10 the system encoder 900 _

(Fig. 25), placed in the VOBU unit, and added to the

VIS title VOBS (VTISTT VCBS), the video and ot her

stream dat étof stée #@Htllﬁrre‘dil%t BiEstr el ACBVefir36rddress
t nher_ fyr,0 v

%ﬁ‘@?ﬁfﬁo t%égvg pac aldtrjqrf%%g V&%yﬁ%geéssla LVORDSA

200 riers steh® armwl-@atnmqmeﬂ«‘f N\ aforeacir MOS8 aseaimming of the

the VOBU position information obtained in St

2434,
ttéﬁjﬁ4‘é%3§ hEVFSTELVRRBP] SEBUVSESFERaGSr oLt aéig’resses of
%Mggl’has"piféadlérhepé@ﬁé gol LeVEBN stardr ageliesss€ BB in each

SA expressed as the nunber of sectors fromthe

segdiln maﬁgﬂd)foran@l@OVTﬁetehéle oV CBBe d FEEMTLNMORS )t [fragr Phtained
title YOBS ((MTSTT VOBS) of the value witten as the

aé-lldres es o he navi gation packs NV of the first and

| ast VOBU int eekb Based ohe tde ALLS 4 isidaeNOB8mbder to the last
g.\r/l-tl;se-:[: 'e\ég?as)unlatl:t %a%k])ct J.Isnequ-J.ltn;_e-E et.Ic)a t%x43%LVU end pack address
ILVU EA in the navigation pack NV of the VOBU 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 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.

At step #2424, the Unit END flag of the navigation
pack NV in the last VOBU of the interleaved unit ILVU is set

to 1.
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At step #2440 the state determined as a result of 25
step #300 or #600 in Fig. 34, i.e., whether preceding
VOB -143- seam ess connection flag VOB Fsb is set to 1
indicating a seanl ess connection to the precedi ng or
followi ng scenes, is evaluated. If step #2440 returns
YES, the procedure noves to step #2442. 5 At step
#2442 the seam ess playback flag SPF (Fig. 16) is set
to 1 in the cell playback information blocks C PBl #i
contai ning the VOB control ,jnformation for each scene
based on the precedi ng VOB seanl ess connection flag
VOB Fsb state, which is set to 1 to indicate a

seanl ess connection. 10 At step #2444 the STC
resetting flag STCDF is set to 1 in the cell playback
information blocks C -PEl #i containing the VOB
control intbrABEPON2L8F SHERFSEERE "hdsedY 01 hete the nexc-

r. ' S (o o) I ; F
B R, AN PR RAC e PR IR AL By of chne

VORF ein stinot Last seamdessavednecit ORLYY dheeprbc¥OENng

scene, the_procedure . noves to, step #2446. At st% .

#2446 he BeBNEEE FG0abRFPABCSPFI TG, CIY FOTTETS the

it Fidudde sebbkpl ayhagkabhnt opaatiheniblneks CoRER-120in the

#i_ containing the VOB control 1nformation for each ] .
T 3R] BRF1PRS pree@dERgTWER §Eanicess T InngtieEpAtion in

tfﬂeage\fgé-,lzib esft, alt.ﬁe cé{ﬂ g}al*ﬁ:ast% %%tgotloih@g.&‘ﬁzgtc(io% for the
non- seam ess connecti on. “At “step #2448 the STC
mudddttsarnd e SIBDF i s set

The single scene subroutine executed as step #2314
in Fig. 4% when steps #2312 or #2316 return NO, i.e. , when
the scene is determined to be a single scene and not a multi-
scene‘period, is described next using Fig. 53.

The singleAscene subroutine described below writes
the interleave unit arrangement of the multimedia bitstream,
the content of the PGC information entries C_PBI #i (cell
playback information) shown in Fig. 16, and the navigation
pack NV information shown in Fig. 20, to the generated DVD
multimedia bitstream.

At step #2430 a wvalue "00b" indicating a "non-cell
block", i.e., that there is only one cell in the functional
block, is written to the cell block mode CBM (Fig. 16) of the
cell playback informatioﬁ blockg C_PBI #i containing the VOB
contxrol information for each scene based on the multi-scene

flag VOB_Fp sBtate, which is set to 0 to indicate that the

scene is a single scene and not part of a multi-scene period.
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to O in the cell playback information bl ocks C PEl #i
25 containing the VOB control information for each
scene based -144- on the precedi ng VOB seanl ess
connection flag VOB Fsb state, which is set to 0. The
operation descri bed above thus formats a nultinedia
bitstreamfor a single scene period, and records 5
the control information in the cells, i.e., the cel

pl ayback control information (C PBlI #i, Fig. 16), and
the information in the qqg&gation pack NV (Fig. 20),
to the produced DVD nultingédia bitstream Decoder
flow charts 10 Di sk-to-stream buffer transfer flow
The decoding information table produced by the
decodi ng system controller 2300 based on the scenario
selection data St51 is described belowreferring.to

Figs. 54 &hdSE5P i deddift NP Fof bR #at T oft t@REIOR tlag IAF

COIRI! 8% iQesQ€Q99HPQJJ§h§V%EQE'bﬁg&%a%QOWBfH&ﬂaﬂlon bleocks
$4, "and the decoding table shown "in"Fig. 55. As shown
TPFL g i 5fhntdren dex ddinFOByseenreabl efoxoapt $Bekon each scene
scenario informatjon regjster and a cell__jinfor | on -
SEEAE ' T UL A5 R cBivieeh T Bl yom_v=v
shectit hainbes ard oided eenardOcL£ePpr aadtelrilerving is not
i nformati on selected by the user and extracted from

IfE 1¥88nari o sel ection data St51. The cel

i nformati opyr egi gl eru - H%f r aeksS ﬁQQi%&‘E%ﬁ'S dd& NV positicn
information requited to reproduce the

information (the relative sector number from the VOB start)
is detected from the title editing unit (VOB) obtained from
the system encoder 300 (Fig. 25), placed in the VOBU unit, and
added to the VTS title VOBS (VTSTT_VCBS), the video and other
stream data of the multimedia bitstr=am.

At step #2436 the relative sector number ffom the
VOBU start is writtenm to the VOB end pack address VOBU_EA
(Fig. 20) in the navigation pack NV of each VOBU based on the
VOBU position infeormation obtained in step #2434.

At step #2438 the first cell VOBU start address
C_FVOBU_SA and the last cell VOBU start address C_LVOBU_SA
expressed as the number of sectors from the beginning of and
the end of, respectively, the VTS title VOBS (VISTT_VOBS) of
the value written as the addresses of the navigation packs NV
of the first and last VOBU‘in cell based on the VTS title VOBS
(VISTT_VOBS) data obtained in step #2434.

At step #2440 the state determined as a result of

step #300 or #600 in Fig. 34, 1l.e., whether preceding VOB
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cells constituting the program chain PGC based on the
user - 145 defined scenario information extracted
into the scenario information register. Mre
specifically, the scenario information register
contains plural sub-registers, i.e., the angle nunber
5 ANGLE _NO reg, VTS nunber VTS NO reg, PGC nunber

VTS PGCI _NO reg, audio |D AUDIO ID reg, sub-picture

ID SP_IDreg, and the systemclock reference SCR

buffer. SCR-buffer. The aggée nunber ANGLE NO reg

stores which angle is roduced when there are

nmul tiple angles in the reproduction program chai n

PGC. 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 records

Vit -9 S t FenTsctilon af 139 oyPBnFehaiits $6C ppresentnfhcating a

tgg%ﬁﬂgg& £$££§c§ggnvg§ th%hégeggdlﬁggg “SS?lE%&ng scenes, is

parental | ock control app i ONS
&uth 10233 AUDI XX Id_’aer:eg#zmrnh:m{ma:rrmf the ppbdedhire moves to
a d|o %% s in the VIS are to be reproduced. 20 The

“ID SP_ID reg records which of the plural

Sub pl Cth@A.tSté@éliHB#fe§4§0tQ§ Lephodysedi Mbgn-khef 85a68F (Fig.
plural sub-picture streans in the VIS, The system

AR & &fedr écé Sertbef Feil1SoRaphaflr infornabipnf bbpcks C_PBI
f#qr ct:%%qrrﬁrdé !h%t Qﬁbngoﬁb§o§yséforr§aé’f§n rfe rere rg: escene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is set to 'l 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 scené based
on the preceding VOB seamless connection flag VOBﬂFsB 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.

At step #2446 the seamless playback flag SPF (Fig.
16) is set to ¢ in the cell playback information blocks C_PBI
#i containing the VOB control information for each scene based
on the preceding VOB seamless connection flag VOB_Fsb state,
which is get to 0 to indicate a non-seamless connection.

At step #2448 the S8TC resetting flag STCDF is set
tec 0 in the cell playback information blocks C_PBI #i

containing the VOB control information for each scene based
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25 SCR recorded to the pack header as shown in Fig.

19. As - 146 described using Fig. 26, this tenporarily

stored systemclock reference SCRis output to the

decodi ng system controller 2300 as the bitstream

control data St63. The cell information register

contains the followng 5 sub-registers: the cel

bl ock node CBMreg, cell block type CBT reg, seam ess
reproduction flag SPF reg, interleaved allocation

flag 1 AF_reg, STC resetting flag STCDF, seanl ess

angl e change flag SACF reg44first cell VOBU start

address C FVOBU SA reg, and last cell VOBU start

address 10 C LVOBU SA reg. The cell bl ock node

CBMreg stores a value indicating whether plura

cells constitute one functional block. If there are

aft tpkupakcealihy VioBOReahllRels eralndlcdels £ICBWMYER Fsb state,
stores N -BLOCK. If plural cells constitute one 15

VOAHER dFaFehl 66k °-the value F CELL is stored as the

CBMreg vahde obeldl® ifdd StucGRldiddy t hedioCkhils Cltdrmats a
is stored as the: CBMreg value of the last cell in
rhétbhedika &d=BrEeK ifrr s2 ortEghs sheneBRprégdef and records
value all cells between the fir d . | ast l.S.4

FRs B Bero ot TRe e S P bt Akt e BT i i Gres i | plavback
vahteolefinfibrgatctibe t(ypesaf #ihe Hilkock sindiagat ethehyirtfrermation
cell block node, CBT reg. If the cell. block is a a4 4 DVD
hBl RSrRRETBREERT RRE AR FeSstof®y, FP ddts Rredues
nBLOCKlS aSthoked - ERe Seanl ess reproduction flag

SPF reg stores a

Decoder flow charts

Disk-to-stream buffer transfer flow;
The decoding information table produced by the

decoding system controller 2300 based on the scenario

selection data St51 is described below referring te Figs. 54

'and 55. The decoding information table comprises the decoding

system table shown in Fig. 54, and the decoding table shown
in Fig. S5.

As shown in Fig. 54, the decoding system table
comprises a scenario information register and a cell
information register. The scenarico information register
records the title number and other scenario reproduction
information selected by the user and extracted from the
scenario selection data SESl. The cell information register
extracts and recoxrds the information required to reproduce the

cells constituting the program chain PGC based on the user-
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25 val ue defining whether that cell is seanl ess
connected with - 147 the cell or cell block reproduced
therebefore. If a seam ess connection is specified,
SML is stored; if a seanless connection is not
specified, NSML is stored. The interleaved all ocation
flag lAF_reg stores a 5 value identifying whether the
cell exists in a contiguous or interleaved block. If
the cell is part of a an interleaved block, ILVBis
stored; otherwise NILVB is stored. The STC resetting
fl ag STCDF defines whet herthe systemtine clock STC
used for synchroni zati on nmust be reset 10 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
sie&ndn@sis angherdhangefblagt SACF g:egrsttos®s imtovakbe scenario

gt,ucatl whether a cell in a multi-angle period

Ao = rber%%:’rﬁté%’fed seani essly at an angl e change.

lf the anglvsehapge:ics c58aRl, es8e dRR 58I BE6rARBLBN register
change flag SACF is set to SM.; otherwise it is set
£6TRSMnS THeL¥¥25t %@Prrwgtrart dd@ress tEsFvERmgle number

t s th add fir -
%G&..%g NO> Icgge %T The xﬁFé %%SN%];'JI(TEESSI : g&c numbexr

cell Th a block. ue of thrs
¥ Es¥Ed N5 e, dlasmcaime fponaUbeo| 00 cegect eutofpitdmire ID

f cell inthe VIStitle VOBS., (VTSTT_VOBS) a .
ﬁ%aéﬁ?r&fgdyl aﬁfgextp}?%ssliﬂslz%?orgﬁf&ﬁs Fﬁgerﬁﬁzﬁ?e? SR buffer

seq! eFfekhe | ast cell VOBU start address C_LVOBU SA
reg The angle number ANGLE NO_reg stores which angle is
reproduced when there are multiple angles in the reproduction
pregram chain PGC.

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 set VTS
is to be reproduced for parental lock control or other
applications. _

The audio ID AUDIO_ID reg recoxds which of the
Plural audio streams in the VTS are to be reproduced.

The sub-picture ID SP_ID reg records which of the
Plural sub-picture streams is to be reproduced when there are
rlural sub-picture streaﬁs in the VTS.

The system clock reference SCR buffer SCR_buffer is

the buffer for temporarily storing the system clock reference

SCR recorded to the pack header as shown in Fig. 19. As
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25 stores the VOBU start address of the last cell in
the bl ock. 148 The value of this address is al so
expressed as the distance fromthe |ogic sector of
the first cell in the VIStitle VOBS (VISTT VOBS)
measured by and expressed (stored) as the nunber of
sectors. 5 The decodi ng table shown in Fig. 55 is
descri bed below. As shown in Fig. 55, the decoding
table conprises the follow ng registers: information
regi sters for non-seam ess nulti-angle control,
information registers f orl¥eant ess nul ti - angl e
control, a VOBU information register, and infornation
10 registers for seanl ess reproduction. The
information registers for non-seam ess nulti- angle
control conprise sub-registers NSM. AG._Cl DSTA reg -
dplSh iAEd G8iBSTAimeg26NSMLi AGLe@ioB8TALY egf-cred system clock

M. AGL DSTA reg recor 5 the NMSL_AGL
= RREESACE CORIET AVt e Foenapar trBheyef o (i er 2300
abl ghel2®icEte-dand aigmidcan 4o dwss. for seanl ess
mul ti-angle control conprise sub-registers SM. ,
AGL_Cl_DSThe 6§11 SMOREE ToF BSPA 65, c2pt3fpsatre &rliowing

sBTAEEY ve M _AG () PSTALLL0nLEE0RHM! ey, SMe1AGL1Gk K type
DSTA = SML AG. C9 DSTA values in the DSI packet shown

CBW_Fkg., 26=afies¥OBtepnbdnaatpon foayd stSHF_S1eF es dierleaved
ai?gcggggn %q.darges AF\_/__Orgeug—,EAS‘ft.l.J %Qge&singa%ﬁ& %q%%,l eamiess
angle change flag SACF_reg, first cell VOBU start address
C_FVOBU_SA_ regqg, and last cell VOBU start address
C_LVOBU_SA reg.

The cell block mode CBM reg stores a value
indicating whether plural cells constitute one functional
block. If there are not plural cells in one functional block,
CBEM_reg stores N_BLOCK. If plural cells constitute one
functional block, the value F_CELL is stored as the CBM reg
value of the first cell in the block, L_CELL is stored as the
CBM_reg value of the last cell in the block, and BLOCK is
stored as the CBM_reg 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 cell block mode
CBM _reg. If the cell bléck is a multi-angle block, A_BLOCK
is stored; if not, N_BLOCK is stored.

The seamless reproduction flag SPF_reg stores a

value defining whether that cell is seamless connected with
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149 The information registers for sean ess

reproduction conprise the follow ng sub-registers: an

interleaved unit flag ILVU lag_ reg, Unit END fl ag

UNI T _END flag_reg, Interleaved Unit End Address

I LVU EA reg, Next Interleaved Unit Start 5 Address

NT ILVU SA reg, the presentation start tine of the

first video frane in the VOB (Initial Video Frane

Presentation Start Tine) VOB V SPTMreg, the

presentation end tinme of t@e | ast video frame in the

VOB (Final Video Frane PreSentation Term nation Tine)

VOB V EPTM reg, audi o reproduction stopping 10 tinme 1

VOB A STP_PTML_reg, audi o reproduction stopping tine

2 VOB A STP_PTM2_reg, audi o reproduction stopping

period 1 VOB A GAP_LEN1 reg, and audi o reproduction

Lo psiidg avecedd RlovEBraApGARPuELEN2thegebFherent ek Feavedgamless
' I LVU flag.r sto the 15 value .

ey el meRdiradt s Ry 5 SEPYRURUIFs Ry SoamLess

camnedtiiteat | eaves: Mook £ aadl, stamesid LMtbi&4ait is, and

NILVUIif not, The Unit END flag UNIT_END flag reg

stores theRfal iR eThefeati ﬁ@;l\ﬁﬁ rer the i 4BE_0BFedttores a

Wihde MBI diSr Mgy haste NOBYR2Qdin thia ddY efd eavethtitous or

| LVU. Because the interleaved unit ILVUis the data

igpfier Yemveasbitiarious FeathageelheisURRTEERND fd & riggrerieaved

BALAES s the, YQBU qurrent]y npﬁ_ read, .| :ﬁe&h.e
 ast "V Inthe 1Tntérleaved unit -t ! and ot her wi se
stores N BM2 sSTd5Pesetting flag STCDF defines whether the
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 seamlgss'angle change flag SACF_reg sﬁores a
value indicating whether a cell in a multi-angle period should
be connected seamlessly at an angle change. If the angle
change is seamless, the seamless angle change flag SACF is set
to SML; otherwise it is set to NSML.

The first cell VOBﬁ start address C_FVOBU_SA reg
stores the VOBU start address of the first cell in a block.
The value of this address is expressed as the distance from
the logic sector of the first cell in the VTS title VOBS
(VTSTT_VOBS) as measured by and expressed (stored) as the
number of sectors.

The last cell VOBU start address C_LVOBU_SA reg

stores the VOBU start address of the last cell in the block.
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The Interl eaved Unit End Address |ILVU EA reg stores
the address of the last pack in the ILVU to which the
VOBU belongs if the VOEU is in an interleaved bl ock.
This address is expressed as the nunber of sectors
fromthe navigation pack 5 NV of that VOBU. The Next
Interleaved Unit Start Address NT_ILVU SA reg stores
the start address of the next interleaved unit |LVU
if the VOBU is in an interleaved block. This address
is al so expressed as the nunber of sectors from 10
t he navi gati on pack NV oft4mat VOBU. The Initial Video
Frame Presentation Start Time register VOB V_SPTMreg
stores the tinme at which presentation of the first
video franme in the VOB starts. The Final Video Frane
Presentation Term nation Tine 15 register VOB V
TEETNhﬂe@ $ﬁbﬁ$§ﬂf&ﬁdﬁ&&EEﬁSle€® presentati o8 téfe Hestance

ast deo franme in the VOB audi
fF@%ngécinﬁcs?ﬁﬁé?ﬁg ?&F éi h@ﬁ.u *%%? VTS title VOBS

(stares vbhe)t hgﬁsaﬁre&hb?hazﬁcb]eaﬁblﬂé@séﬁ tsﬂ:onbeedpaalés&diet Grumber
enabl e resynchroni zati on, and the audio 20

ofepPE8A&ESI-on st opping period 1 VOB A GAP_LENIL reg

stores the I%@gghfggt¢g§1@agﬁgwgerEp@; hesaugdik0 gegcribed
reproductlon stopping tine 2 VOB M2_reg and

balidivo rBsrodoeni Hm Bi@ppﬁngqygwdg¢q§1ng table comprises the

A.GAP LEN2 reg stor the sanme _val ues. 1 h mless
fngFnggdﬁﬁgﬁﬁ%? I T BetoT dr hg F%§ noHl%eanies

multi-angle contrel, 1nformatlon.reglsters for‘seamlESS‘multl-
angle control, a VOBU information register, and information
registers for seamless reproducticn.

- The information registers for non-seamless multi-
angle control comprise sub-registers NSML_AGL_Cl1 DSTA_ reg -
NSML_AGL_CS_DSTA_reg. |

NSML_AGL_Cl_DSTA_reg - NSML_AGL_C9_DSTA_reg recoxrd
the NMSL_AGI, C1_DSTA - NMSL_AGL_C9_DSTA values in the PCI
packet shown in Fig. 20.

The information registers for seamless multi-angle
control comprise sub-registers SML_AGL_Cl_DSTA_reg -
SML_AGL_C9_DSTA_ reg.

SML_AGL_C1_DSTA_reg - SML_AGL_C9_DSTA reg record the
SML_AGL_Cl1 DSTA - SML_AGL_C9 _DSTA values in the DSI packet
shown in Fig. 20. |

The VOBU information register stores the end pack

address VOBU_EA in the DSI packet shown in Fig. 20.
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the present invention as shown in Fig. 26 is described

next below with reference to the flow chart in Fig.

56. At step #310202 it is first determ ned whether a

5 di sk has been inserted. If it has, the procedure

noves to step #310204. At step #310204, the vol une

file structure VFS (Fig. 21) is read, and the

procedure noves to step #310206. At step #310206, the

vi deo manager VMG (Fig. 21) is 10 read and the video

title set VIS to be reproduced is extracted. The

procedure then noves to Sfﬁ%'#SlOZOS. At step #310208,

the video title set menu address information VISM C

ADT is extracted fromthe VIS information VTSI, and

the procedure noves to step #310210. 15 At step

#310210 the video title set nmenu VISMVOBS is read

fromthe dis« bhaSedhaon ehe adidgamds floe seamheps reproduction
address infor ion VISM C ADJT, and the .titl ;
GEFERT B oA Py PeSent 507 The-Tsett (6 RaS b upst £1as
13ehect1ddersesi vadet Elbe £123Q furarp tHNS AR ddy St Bpterleaved
#310212. 1f the titles include both contiguous titles

URidtth ﬁﬁdusz’e?drs%ﬁSecFéBPe:EAclﬁﬁEentl‘fe’%FndIPF?Fg‘§a"Ed Unit Start

2 éﬁé"ﬁ?g%ﬂgbosﬁuggs S pRURs PLLL W & NUTDEE S1t Ok ime of the

r
mul t1-ang scene—confent, the user nust also enter ‘
ftihe td esidesd farglee inntbd arOB Olcd tikd VéddposEfameRyesentation

SEL 68k, BB e R AR e o e
16REChridec frame in the VOB (Final Video Frame Presentation
Termination Time) VOB_V_EPTM_reg, audio reproduction stopping
time 1 VOB_A_STP_PTMi_reg, audio reproduction stopping time
2 VOB_A STP_PTM2 reg, audio reproduction stopping period 1
VOB_A GAP_LEN1l_reg, and audio reprcduction stopping period 2
VOB_A_GAP_LEN2_reg. |

The interleaved unit flag ILVU_ flag reg stores the
value indicating whether the video object unit VOBU is in an.
interleaved block, and stores ILVU if it is, and N_ILVU if
not.

The Unit END flag UNIT_END_flag_ reg stores the value
indicating whether the video cbject 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 currently being read
is the last VOBU in the interleaved unit ILVU, and otherwise

stores N_END.
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data bl ock corresponding to the title nunber sel ected
by the wuser is extracted fromthe VISPGC i nformation
table VIS PGCIT, and the procedure noves to step
#310216. 5 Reproduction of the program chain PGC then
begins at step #310216. When program chain PGC
reproduction is finished, the decodi ng process ends.
If a separate title is thereafter to be reproduced as
determined by nonitoring key entry to the scenario

sel ector, the title menu_ijg,presented 10 again (step
#310210). Program chain reproduction in step #310216
above is described in further detail below referring
to Fig. 57. The program chain PGC reproduction
routi ne consists of steps #31030, #31032, #31034, and
#31035 as shown. 15 At st%? #31030 the decaodi ng system
tabl e showh*fninErglesyedsUykt Fed AofTe Shd ®g stores

ANALEa N80 o VIS NUDEE p¥E8 NQ ked R nUdDRhich the VOBU
VTS PGCI _NO reg, audio | DPAUDI OIDreg, and

ebopiet Uf et hd BIET O g et are igdtexdegoradl ijadc + h@his address
sel ections de 3y t he, user _using the.sce ' . . K
SEICH ST F100~ 50 ORCE T he P T0 b8 Tapt odticad 1 g=o2om Pae
wetef nipred, vbhe. corresponding cell information (PGC
information entries C PBlI #j) is extracted and the

cel | inforhBEi onNF&gi st FRGFIRFYSTd. Uthe  Start  Address

b 1egi 84 ersgt hereia & hatnar esdatineda@radshe €€l l che  next
bl'™ock Tode é%M reg, cell block type CBT_reg, seaniess

egproberYed uRbe f TR SHE tley VOB drl davest akkegdeiford block.
Jﬂfg}iég;égg’iéTciéolgs rgg%eéégggtggaguﬁggngf sectors f£rom
seanl ess angl € change ag it —reg,
the navigation pack NV of that VOBU.

The Initial Video Frame Presentation Start Tiﬁe
register VOB_V;SPTMHreg stores the time at which presentation
of the first video frame in the VOB starts. ‘

The Final Video Frame Presentation Termination Time
register VOB_V_EPTM reg stores the time at which presentation
of the last video f£rame in the VOB ends.

The audio reproduction stopping time 1
VOB"A_STP_PTMl_reg.stores the time at which the audio is to
be paused to enable resynchronization, and the audio
reproduction stopping period 1 VOB_A GAP_LEN1l_xeg stores the
length ©of this pause period.

The audio feproduction stopping time 2
VOB_A_STP_PTM2_reg and audio reproduction stopping period 2

VOB_A_GAP LEN2_reg store the same values.



10

15

20

25

first cell VOBU start address C FVOBU SA reg, and | ast
cell VOSU start address C LVOBU SA reg. Once the
decodi ng systemtable is defined, the 5 process
transferring data to the streambuffer (step #31032)
and the process decoding the data in the stream buffer
(step #31034) are activated in parallel. The process
transferring data to the stream buffer (step #31032)
is the process of transferring data fromthe 10
recording medium Mto the stream buffer 2400. This is,
therefore, the processi ﬁgl"’éf' readi ng the required data
from the recording medium M and inputting the data to
the stream buffer 2400 according to the user-sel ected
title information and the playback control

i nformati on (navigation packs NV) 15 witten in the
stream Thihe cuptsyees iShowE ashst pP#82084eirs Ddie according to

rocess faor . decoding the data stored tq_th I
Bt e 2400 (PG 98) = aRet ot piit [0 (he -dectdoq o0 nexe
pdabar Wa dhe-afdemdatd aHPUlow efidnal 860y ange audi o

data output term nal 3700. Thus, is 20 the process for
decodi ng &fd FE3R o¥REP RGP t BE d&t o ST edoEBTTEAEE whether a

askhieambuffer 2400, Note that; stiep #31032,20d-8LERB woves to

#31034 are executed in parallel. The processing unit
sokpstiep o3K032 is the cell, and 25 as processing one

C8 s TERESEte AT SR EhaR Reediliopg, e
21) is rxead, and the procedure moves to step #310206.

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 meénu address
information VISM_C_ADT is extracted from the VTS information
VTSi, and the procedure moves to step #310210.

At step #310210 the video title set menu VISM VOES
is read from the disk based on the video title set menu
address information VTSM_C_ADT, and the title selection menu
is presented.

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 desired angle
number. Once the user selection is completed, the procedure

moves to step #310214.
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processed. |f processing the conplete program chain
PGC is not conpleted, the decoding systemtable is
defined for the next cell in step #31030. This | oop
fromstep #31030 through 5 step #31035 is repeated
until the entire programchain PGC is processed. The
stream buffer data transfer process of step #31032 is
described in further detail below referring to Fig.

70. The stream buffer data transfer process (step
#31032) 10 conprises steps #31040, #31042, #31044,
#31046, and #31048 showd3Rn the figure. At step
#31040 it is determ ned whether the cell is a
multi-angle cell. If not, the procedure noves to step
#30144. 15 At step #31044 the non-nulti-angle cel
decoding process is executed. However, if step #30140

returns Y&S degause dher celde virs aemnlii Agh-eafelHain (PGC)
the procedure noves to step #30142 where the seanl ess

A3y e e FANYRT FREROSALRTi §oevhrUAEEdSt BURDSHeFEARIFRET By the
uMether . 36aml. 58 -ang! enL SPFOSUC 0N, 1S SREE 'tf ¢ vkl pacrT,

seanl ess angl e reproduction is speC|f|ed t he
argp grvessroutdirangbesdecodengpp#oees8sei.s executed in

ste #30146. f seam ess | e rep rod cti
speglfle “PH3 uﬁ5ﬁ°§e8§1 §§g§ﬁqﬁ :H%codé PBLn pegins

atpr 9€eps #ﬁ@(ﬁ@m edvidh Shepgrid #53&&148 psclleéapmﬁauctlon is
figggﬁggtIéﬁgmggéggngdggSgggg ggggessl S;egeparate title is
thereafter to be reproduced as determined by monitoring 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. 57. The
pProgram chain PGC reproduction routine consists of steps
#31030, #31032, #31034, and #31035 as shown.

At step #31030 the decoding system table shown in
Fig. 54 is defined. The angle number ANGLE_NO_reg, VTS number
VTS_NO_reg, PGC number VIS_PGCI_NO_ reg, audioc ID AUDIb_ID__reg,
and sub-picture ID SP_ID reg are set accerding 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 defined.
The sub-registers therein that are defined are the cell block
mode CBM_reg, cell block type CBT reg, seamless reproduction

flag SPF_regq, interleaved allocation flag IAF_reg, STC
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#31044, Fig. 62) is described further below with

reference to Fig. 63. Note that the non-nulti-angle

cell decoding process (step #31044) conprises the

steps #31050, #31052, and #31054. 5 The first step

#31050 eval uates the interleaved allocation flag

| AF reg to determ ne whether the cell is in an

interleaved block. If it is, the non-multi-angle

i nterl eaved bl ock process is executed in step #31052.

The non-nulti-angle interl eaved bl ock process (step

10 #31052) processes scen®3branchi ng and connection

where seanl ess connections are specified in, for

exanple, a multi- scene period. However, if the cel

is not in an interleaved block, the non-nmulti-angle
contiguous bl ock process is executed in 15 step
r#38054.ndNof ;ad hatrCbhRe steeplAFE)ShgYocebangs teg SACF_reg,
process .execut ed when there is_n ne_branchin r
R odt o VO e NORE AT SaRgF e VREDr FRavad bIgtk Last cel2
VPBOC %% S e r EFL QD L, vdH Y. s H)ed s descri bed further

below with reference to Fig. 64. 20 At step #31060

t he readi f§ealbreofBFjnmpedscem tebYer &t cepfined, the

tar I SA . .re e

P R e B T v S A Al e oep #32032)
aaddréss pdatcasG EMOBUAiSA méy dstter cch ithet e mecodiufer (step

em controller 2300 (Fig. 26).is 25 input as
#gﬁétd‘l)egrﬁer e o rf"h?rﬁq:raoli%‘%]i‘gnal St53 to the 156-
reproduct itz eRlde@ld rad{dd iy IR0 HHI stream buffer

controller .
(step #310322) is the process of transferring data from the

recording medium M to the stream buffer 2400. This is,

therefore, the processing of reading the reguired data from

the recording medium M and-inputting the data to the stream
buffer 2400 according to the user-selected title infofmation
and the playback control information (navigation packs NV)
written in the stream.

The routine shown as step #31034 is the process for
decoding the data stored to the stream buffer 2400 (Fig. 26),
and outputting the decoded data to the wvideo data output
terminal 3600 and audio data output terminal 5700. Thus, is
the process for decoding and reproducing the data stored to
the stream buffer 2400.

Note that step #31032 and step #31034 are executed
in parallel.

The processing unit of step #31032 is the cell, and

as preocessing one cell is completed, it is determined in step
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2002 thus controls the recording nedia drive unit 2004

and signal processor 2008 to nove the readi ng head

2006 to the specified address, data is read, error

correction code ECC and 5 other signal processing is

acconpl i shed by the signal processor 2008, and the

cell start VOBU data is output as the reproduced

bitstream St61 to the stream buffer 2400. The

procedure then noves to step #31062. At step #31062

the DSI packet data in the navi gation 10 pack NV

(Fig. 20) is extracted inl¥he stream buffer 2400, the

decoding table is defined, and the procedure noves to

step #31064. The registers set in the decoding table

are the I1LVU EA reg, NT_ILVU SA reg, VOB V SPTMr eq,

VOB V EPTMreg, VOB A STP_PTML reg, VOB A

#STP0 PT M hregthe VOBRA GAPbERMer egrogrd$ artth MOB PGC has bzen

A GAP LEN2- At ste #31 64 the data fromthe fi

ST UOH st Br P-RG0F 8585 CEROOSOREA S 6y G AT 1T R FOC i

Y PaeKL €lgkl eSShe | Jiyyggﬁnﬁegyslteﬁt tatthe dat aad®indefor the

interleaved unit ILVU, is transferred to the stream

T ste a0 sHEe 6Pé@é@ur eTERENICPD fpvBsSEBP st 230 through

SEHDGE2 Y & SRREILIER Le 18 1enR00RES S UBLBLEN L patn pac is
EAreg stored in “the ecoalng system controll er 2300

HRiaps26). is supplied to the reproduction controller

2002. The _.reproducti ntrol |l er 2002 thus contro

the recor diiy %5?3%%”(1‘%09\% ‘gﬁ'i:? GGH5aTd SFoRars® of step

#Qhﬂﬂﬁﬁ&ﬂg<§Q¥&}ﬂbédr@adfﬁBEhgataeEQii BSYokheetéM¥ing to Fig.
g gL sin B Uac aseber protes % stes #31032)
proces o)

cemprises steps #31040, #31042, #31044, #31046, and #31048
shown in the figure.

At step #31040 it is determined whether the cell is
a multi-angle cell. If not, the procedure moves to step
#30144.

At step #31044 the non-multi-angle cell decoding
process is executed.

However, if step #30140 returns YES because the cell
is a multi-angle cell, the procedure moves to step #30142
where the seamless angle change flag SACF is evaluated to
determine whether seamless angle reproduction is specified.

If seamless angle reproduction is specified, the
seamless wmulti-angle deceding process 1is executed in step
#30146. 1If seamless angle reproduction is not specified, the

non-seamless multi-angle decoding process is executed in step

#30148.
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and ot her signal processing is acconplished by the
signal processor 2008, the data for the first ILWin
the cell is output as the reproduced bitstream St6
to the streambuffer 5 2400. It is thus possible to
out put the data for one contiguous interleaved unit

I LWon the recording nedium Mto the stream buffer
2400. At step #31066 it is determ ned whet her al
interleaved units in the interl eaved bl ock have been
read and 10 transferred. If the interleaved unit ILW
processed is the last ILVU3Sr the interl eaved bl ock
"OX7FFFFFFF" indicating termnation is set to the
next-I1LVU start address NT_ILWSA reg as the next
read address. If all interleaved units in the

interl eaved bl ock have thus been processed, the 15

procedure mpéesnba-alhepi#34068. A1t ep#bdiieh8 phecess (step
readi ng head 2006 is _again junped to the address
*FLPA% SRiFegf8f iLRednexyiPnteftealer Uirtoy 0¥ bR reference to

ﬁ??(ogg‘?edmoé‘gdtﬂi‘@ PLocedur g, 1,000, PACk-d 01 H&Rding process
#31062. Note that this junp I1s al so acconplished as

desepi H2dcabdvermP@iand the $tﬁ@5f#@M@%weﬂﬁ#@$®62 apd #31054.
step #3106%’1'1'%8.%:??2@1: es ‘ep ;%%{\fg&g’ glvfal%:a%lpel_s?\#/a%ﬁ%ajhnéterleaved

returns YE al | N eaved uni

apiecheaved fleckiAravvadaan adtansies reHetBeept#21@®A1 is in
term nates. -153- The non-nulti-angle interleaved )
BRocknprEcesy st &3 #51052) Hhud & r dffsf eSS h& Wty 1t -angte

Qﬂgeggggvkg %H%c%t@%ygeéyﬁkﬁ%ﬁggﬂ%ed in step #31052.

The non-multi-angle interleaved block process (step
#31052) processes scene branching and c¢onnection where
seamless connections are specified in, for example, a multi-
scene perxicd.

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 proceés
executed when there is no scene branching or connection.

The non-multi-angle interleaved block process (step
#31052, Fig. 63) is described further below with reference to
Fig. 64.

At step #31060 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU_SA_reg register.

More specifically, the address data C_FVOBU_SA_ reg
stored in the decoding system controller 2300 (Fig. 26} is

input as bitstream reproduction control signal St53 to the
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The non-nul ti-angl e contiguous block process is 5

executed in step #31054, Fig. 63, is described further

below with reference to Fig. 65. 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 also acconplished as 10

descri bed above, and the |oop fromstep #31072 to step

#31076 is initiated. At step #31072 the DSI packet

data in the navigation pack NV (Fig. 20) is extracted

in the stream buffer 240015% he decoding table is

defined, and the procedure noves to step 15 #31074.

The registers set in the decoding table are the

VOBU EA reg, VOB V_SPTMreg, VOB V_EPTMreg, VOB A

STP_PTML_reg, VOB A STP_PTM2_reg, VOB _A GAP_LEN1 reg,
rapdcVOBtACBARCIIEN oI kg AP OSt.ep T84 074ptrhdudatianf remntroller

first cell VOBU .20 start..address. C EVOBU SA.re

28 R PR Sar BBe “V BB B 1 8 VT arAg, £00% and
siehaonerddienab) 266s UBbt mdOBU,thd Srddaisd enead bookheo the

stream buffer 2400. The procedure then noves to step
SREHFEITREHSEE  f SREBNES HRFED SBFE& CQRFESYERD code ECC and
oEfAL gHQHﬁla)?i ai:&%)é%gstl%gt he.‘Lsr e%@c@n@i@@&]m% Cdhe signal

thus be 25 transferredto the stream buffer 2400.
pP16§9=esAPrseePp8#340R6the rslleserntnédBVhddherimldueit as the

data.has .been transferred. If all VOBU in.t cel S
TRBt °besn ?Dr%'nss 1éerar“éd,gt?ge t(fat‘gh? orsg?ﬁgmnégﬂ L%?‘Qe' The
pteaddure then moves to step #31062.

At step #31062 the DSI packet data ip the navigatiecn
péCk NV (Fig. 20) is extracted in the stream buffer 2400, the
decoding table is defined, and the procedure moves to step
#31064. The registers set in the decoding table are the
ILVU_EA_reg, NT_ILVU_SA reg, VOB_V_SPTM_red. VOB_V;EPTM_reg,
VOE_A_STP_PTM1 reg, VOB_A STP_PTM2_reg, VOE_A GAP_ LEN1 reg,
and VOB_A GAP_LEN2_reg.

At step #31064 the data from the first cell VOBU
start address C_FVOBU_SA reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for oné interleaved unit ILVU, is
transferred to the stream buffer 2400. The procedure then
moves to step #31066.

More specifically, the address data ILVU_EA_ reg
stored in the decoding s?stem controller 2300 (Fig. 26) is
supplied teo the reproduction controller 2002. The
reproduction controller 2002 thus controls the recording media

drive unit 2004 and signal processor 2008 to read the data to
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conti nuously, and the process |oops back to step

#31070. 5 However, if all VOBU data in the cell has

been transferred as determ ned by the C LVOBU SA reg

value in step #31076, the non-nulti-angle contiguous

bl ock process (step #31054) term nates. This process

thus transfers the data of one cell to the stream

buf fer 2400. 10 Anot her nethod of acconplishing the

non-mul ti-angle cell decoding process (step #31044,

Fig. 62) is described belowwth reference to Fig.

64. At step #31080 the r%&ﬂﬁ'hg head 2006 is junped to

the first cell VOBU start address C FVOBU SA reg, and

the 15 first VOBU data in the cell is transferred to

the stream buffer 2400. The procedure then noves to

step #31081. At step #31081 the DSI packet data in the

thav TG _Gd._ qeac ke ddv o558 .g.a R0 )a fitse extmact edrredthien code ECC

re buffer 2400, the .decoding table.i efi ne .

B P Ll s B 1 B "o P s ety he signal
pregesisens =®ris | tideadesodbrg thabls @ ey SCRche cell is
buffer, VOBU EA reg, ILVU flag_reg, UNIT_END flag_reg,
CPEPUEERS E§S NTPFPYUCSA FédstyeB™ SSBTMtcedhevesrgam buffer
2EBEM re P JRTML : RIMNP_
VCB_A_G%S_L%%_@%% ot ACGAPE_AL?%J 55‘.“42- h588 sgr one
ceREpIHBLS82ntheldatvadf noatt hevli esttioelte MOBU NS mydium M £o

dg VOBU _SA reg to the end pack address
e Vo i et

B € data for one video object unit

VOBU, i satrasskerredibest hecest negamsbubliel n2d00whiRGer a1l
i £g%$gngthggts in the interleaved block have been read and
transferred. If the interleaved unit ILVU processsd is the
last ILVU in the interleaved block, "OxX7FFFFFFF" indicating
termination is set to the next-ILVU start address
NT_ILVU SA reg as the next read address. If all intefleaved
units in the interleaved block have thus been 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 ﬁrocedure loops back to step #31062.
Note that this jump is also accomplished as 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.
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5 noves to step #31083. At step #31083 is determ ned
whet her all cell VOBU data has been transferred. If

it has, the process (step #31044) termnates. If it
has not, the procedure noves to step #31084. 10 At
step #31084 it is determ ned whether the VOBU is the
last VOBU in the interleaved unit. If not, the process
| oops back to step #31081. if so, the procedure
advances to step #31085. It is thus possible to
transfer one cell of data.Jn VOBU units to the stream
buf fer 2400. 15 The | oop Trom step #31081 to step
#31084 repeats as described above. At step #31085 it
is determ ned whether the interleaved unit ILVUIis
the last in the interleaved block. |If so, step #31044
termnates. If not, the procedure advances 20 to step

#31086. AT1S$t BpR2S¥O86 ARG Lre Al Y LREXG2DOBKsPTRRPEE (Step

#8@osbhe addr ess NleLLYUSA red 0f oEheiexteiNt ebl €3Xe ctream
unit, and the procedure |oops back to step #31081. It

buEfenug4Pdssible to transfer the data for one cell to
t he streaquufger 2400. - 1?1 The sean1es§l X
mul ti - anglé -de@Bar g pr oBBEsCexER e 1 h 65 43ThaEe=s =
ekégutBd, ihS sdegchihed shelraw r eher Hisn@els@ Ripa fkcr below
step #31090 the readi ng head 2006 is junped to 5 the
witRsteEeFrnoeBU s Fdft &ddress C FVOBU SA read fromthe

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 #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 decoding table are the
VOBU_EA_regq, VOB_V_SPTM_reg, VOB_V_EPTM_reg,
VOB_A_STP_PTM1_xreg, VOB_A STP_PTM2_reg, VOB_A_GAP_ LEN1_reg,
and VOB_A_ GAP_LEN2 regq.

At step #31074 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 stréam buffer 2400. The procedure then
moves to step #31076. The data for one video object unit VOBU
contiguocusly arrayed to the recording medium M can thus be

transferred to the stream buffer 2400.
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C FVOBU SA reg register, and the first VOSU data in
the cell is transferred to the stream buffer 2400.
The procedure then noves to step #31091. This junp is
al so acconplished as described above, and the | oop
fromstep #31091 to step #31095 10 is initiated. At
step #31091 the DSI packet data in the navigation
pack NV (Fig. 20) is extracted in the stream buffer
2400, the decoding table is defined, and the
procedure noves to step #31092. The registers set in
the decoding table are 915 | LVU EA reg,
SML_AGL_Cl _DSTA reg - SM. AGL_C9_DSTA reg,

VOB V_SPTM reg, VOB V_EPTMreg, VOB A STP_PTML reg,
VOB A STP_PTM2_reg, VOB _A GAP_LEN reg, and

VOB A GAP_LEN2 reg. At step #31092 the data fromthe

first cel heVQBUL 20; 8405t jaddress e MLl SAnkelet0all cell
the ILVU end pack address |ILVU EA reg, i.e., the data
dppr bae bevy, HSupnafawfetr ed f 0213 hBOBYr éanFbef fF&l1 has not

btg%go' tIQSeE%Q‘%%@We EQen?ggé{gsféé’ SE}?Q #é@@gamérﬁ i:tss read

us possi bl'e to oufput ata for one contliguous
conténheawed, uand kb o ddie neeqr=dibgreci urndd t#2 1250 .
the stream buffer 2400. - 162 At step #310936%g%t h b
ANGLENO r B§¥EYetpdat£d21and’8R 9pFacedur B o o&s been

tSLRPrE31Q%4, s ThE B URIALE PP IO Foietsn tde MNAE in step
NO reg to the angle nunber” of thé angl e selected by

#3hB7Eserchsheror heulser anabngesnthguangl eirfhgrragess (step
#35 584! Qeréiﬁglt%%t.or ’I%!’Lgopgr@c%'sszg)QUS transfers the data of

cne cell to the stream buffer 2400.

Ancther method of accomplishing the non-multi-angle
cell decoding process (step #31044, Fig. 62) is described
below with reference to Fig. 64. '

At step #31080 the reading head 2006 is jumped to
the first cell VOBU start address C_¥FVOBU_SA reg, and the
first VOBU data in the cell is transferred to the stream
buffer 2400, The procedure then moves to step #31081.

At step #31081 the DSI packet data in the navigation
pack NV (Fig. 20) is extracted in thé stream buffer 2400, the
decoding table is defined, and the procedure moves to step
#31082. The registers set in the decoding table are the
SCR_buffer, VOBU_EA reg, ILVU_flag regq, UNIT_END flag_ reg,
ILVU_EA reg, NT_ILVU_SA_reg, VOB_V_SPTM_reg, VOB_V_EPTM_reqg,
VOB_A_STP_PTMl_reg, VOB_A_STP_PTM2 reg, VOB_A_GAP_LEN1_reg,

and VOB_A GAP_LEN2 regq.
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At step #31094 it is determ ned whet her 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 ILVU in the cell have been
transferred, the process 10 term nates. At step

#31095 the readi ng head 2006 is junped to the next

angle (SM. AG_C#n_reg), and the process | oops back

to step #31091. Note that SM._AG._C#n_reg is the

address of the angle to which the ANGLE_NO reg was

updated in step 15 #310938%1t is thus possible to

transfer the data for the angle selected by the user

to the streambuffer 2400 in ILVU wunits. The

non- seam ess nulti-angl e decodi ng process is 20

executed in step #30148, Fig. 62, is described bel ow
referring Atoﬂ%qp B0 shepd#841E6ohe reeafti gt heatlll VOBU
2006, i s _j 0, the first cell VOBU start_address C
FVBY Sﬂd?iggﬁsf r SIS U-EXRTE8U SR 1 6P egt it erpa‘é%d address
Ydweuf EAStYOBY . dat a tine i@ Celdr 25.d Sridanséeised tait vosu,
the Stream buffer 2400. The procedure then 163- noves

19 SiPpSE31T6L. tTHi e jeinre i baliferaéddpl | Shedpgscedure then

Hescri pgd_ahgv the |l oop fromstep #31101 to step
#31106 i s ?%-?Fé?ggf At step #31101 the DSI packet

data i n thatnavepa#bons3bipadktdbnifed. w2Oihés all cell VOBU
égtra%égg éégéh%rggggggkggffer 24%%.3&£§, the process (step
#31044) terminates. If it has not, the procedure moves to
step #31084.

At step #31084 it is determined whether the VOBU is
the last VOBU in the interleaved unit. If not, the process
léops back to step #31081. If mo, the procedure advances to
step #31085. It is thus possible to transfer one cell bf data
in VOBU units to the stream buffer 2400.

The lcop from step #31081 to step #31084 repeats as
described above.

At step #31085 it is determined whether the
interleaved unit ILVU is the last in the interleaved block.
If so, step #31044 terminates. If not, the procedure advances
to step #31086.

At step #31086 the reading head 2006 is jumped to
the address NT_ILVU_SA_rég 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 buffex 2400.
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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

AGL_C9 DSTA reg, VOB V_SPTMreg, VOB V_EPTMregq,

VOB_A STP_PTML_reg, 10 VOB_A STP_PTM2_reg,

VOBA GAP_LEN1 reg, and VOB A GAP LEN2 reg. At step

#31102 the data fromthe first cell VOBU start

address C FVOBU SA reg to the end pack address VOBU

EAreg, i.e., the data for one VOBU, is transferred to

15 the stream buffer 240016IThe procedure then noves 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 the 20

procedur e 1A 6fe 4101 S £ it Odh o 1T S aploh € OPetassoaxecuted
resets the ANGLE_NO reg to the angl e nunber of the .

iangiters#Padréd By9 -t R@ uder IpReriPAg BeEPYChah§ES PR Fig-
ngl e using the scenario selector 2100 (Fig. 26). At

step #31104 it is determ ned whether the angle 25

cel | dataArasstadp beEN20rahsf eprédngl heald 2A00BU ish ijweped to
el |l _164- have not been transferred h rocedur

SRSV ESTESE sTepL #Y0RYS SEAT AN et Piabedf Siag, Trom the

deedy ashald adhgihe Py asesschd ef B datesmu Alasdepn the cell

#31105 the reading head 2006 is junped to 5 the next

ign§reneNemr sAGt cChirer 6§FcaBnBuERBTprbERss Hafaptegedure then

moves to step #31091. This jump is also accomplished as
described above, and the loop from step #31091 to step #31095
is initiated.

At step #31091 the DSI packet data in the navigation
pack NV (Fig..zo) is extracted in the stream buffer 2400, the

decoding table is defined, and the procedure moves to step

#31092. The registers set in the decoding table axe the
ILVU_EA_reg, SML_AGL _Cl_DSTA reg - SML_AGL_C9_DSTA_reg,
VOB_V_SPTM_reg, VOB_V_EPTM_reg, VOB_A_STP_PTMl_reg,

VOB_A_STP_PTM2 _regq, VOB_A_ GAP_LEN1_reg, and
VOB_A_GAP_LEN2_reg. h

At step #31092 the data from the first cell VOBU
start address C_FVOBU_SA_reg to the ILVU end pack address
ILVU_EA reg, i.e., the data for one ILVU, is transferred to
the stream buffer 2400. The procedure then moves to step
#31093. It is thus possible tc output the data for one
contiguous interleaved unit ILVU on the recording medium M to

the stream buffer 2400.
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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 10 angle selected by the
user to the streambuffer 2400 in VOBU wunits. Step
#31106 is an effective step for high speed angle
switching, and sinply clears the stream buffer 2400.
By thus clearing the stream buffer 2400 the data for
the newly 15 sel ected angl e can be reproduced w t hout
reproduci ng the angle dateethat is still not decoded.
In other words, clearing the stream buffer 2400
enabl es faster response to user operations. It is very
i nportant that DVD decoder according to the present

i nvention can pronptly noves to the next data 20

read! ng pr@&%?e;@%ﬁﬁf@ﬂ&%@énﬁe&q@% ke dbded, and the
readi ng once after the detection 0f The end of data

Bustedisre maevrd ede siErt #3/U0Wd .an@hiedepdabpeePetpfion resets

YOBU for_the sake of seam ess_ reproductign_whkgh_L$ 4 b
t&?ewc%lﬂb—t%?%eﬁos ¥ fRe L5 B8R F%véh i%}r%\l.g1 - i%SECte Y

SN s &f ergoseche Tkgr €Range@Onsd unigdlen wiiddethe scenario
stream buffer 2400 which can perforns the end
PO B0 (Ht@ri#8be unit ILVU is described

briefly. The éEESa@aQH%EGEt 3400 LUMY;InRRE hMPxr the angle
buf fer 2402, a system buffer 2404, a 5 navigation pack

@ity attr R096 1 itk en datansbented . 2408, aThel ' $§sienthe cell
QRuifer 2404 tempor ?!airlrgcft oL Sp%oh:?eédée' Sl £l s08La%s1095.
If all ILVU in the cell have been transferred, the process
terminates.

» At step #31095 the reading head 2006 is jumped to
the next angle (SML_AGL_C#n_reg), and the process loopé back
to step #310%1. Note that SML_AGL_C#n_reg is the address of
the angle to which the ANGLE NO_reg was updated 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 1is
executed in step #30148, Fig. 62, is described below referring
to Fig. 6€8. -

At step #31100 the reading head 2006 is jumped to
the first cell VOBU start address C_FVOBU_SA read from the
C_FVOBU_SA_reg register, and the first VOBU data in the cell

is transferred to the stream buffer 2400. The procedure then
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VTSI (Fig. 16) included in signal St6l, and outputs a

control information St2450 (St63) such as VIS _PGC.

The VOB buffer 2402 tenporarily stores the title VOB

10 data VTSTT VOB (Fig. 16), and the stream St67 to

the system decoder 2500. The NV (navigation pack)

extractor 2406 receives the VOB data at the sane tine

with the VOB buffer 2402, and extracts the navigation

pack NV therefrom The NV extractor 15 2406

furthernore extracts the VOBU final pack address COBU

EA or ILVU final pack adtb®ss |LVU EA which are the

DSI generation information DSI_G shown in Fig. 19 to

produce a pack address information St2452 (St63). The

data counter 2408 receives the VOB data at the 20

same time with the VOB buffer 2402, and counts each of

meRGs dat arshowninefi 9. A byta«Ry fwteisdheicdiflishea as

data counter 2408 produces a pack input term nating

deisgrdlosSt 2480 <(.StE67) that lpve £rem wher HRe1PAphHet FREP #31106

iJ ﬂ%%%&aéﬂéiis conpleted. Due to its construction

Shown in Fig. 69, the stream 25 buffer 2400 perforns

t he VOBU dat atierasteniashexaaplesciatt -dslG6 ist epe navigation

#31064 of Fig. 64, as follows. The strean1buffg% 24006 th

PETDEYs (FHE -VeBY d5t S*FERERE K EREr SEFBP™2806 8R40 =0

AR 3 P UMST e 2408 sl 1h& , SaltR: 1i AR pheBetiieeVaBldes to step

buffer 2400 receives the VOBl data on the top of

#3063 -eav &heni tegisters Asta ¥msbhe, daroNpextrRéporrre the
an_extr t U EA

S R R Tty of ool ch e reg,

VOB_V_SPTM_reg, VOB_V_EPTM_ reg, VOB_A_STFP_PTM1 reg,

VOB_A_STP_PTM2 reg, VOB_A_GAP_LEN1_reg, and
VOB_A_ GAP_LEN2_reg.

At step #31102 the data from the first cell VOBU
start address C_FVOBU_SA_reg to the end pack address
VOBU_EA reg, i.e., the data for one VOBU, is transferred to
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 #31102 the ANGLE_NO_reg is updated, and 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
selectoxr 2100 (Fig. 26).

At step #31104 it is determined whether the angle

cell data has all been transferred. If all VOBU in the cell
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navi gati on pack data NV, and outputs thereof as signa

St2452 (St63) to the decode systemcontroller 2300

(Fig. 26). The decode system controller 2300 stores

the signal 10 St2452 into the ILVU EA reg and

NT_ILVU SA reg, and then start to counts the nunber

of packs based on the pack term nating signal 2452

fromthe data counter 2408. Based on the fore

menti oned the counted val ue of packs and |ILVU EA reg,

the decode systemcontroller 2300 detects the

i nstance when the 15 i nputé4ng of final pack data of

ILVU is conpleted, or the inputting final byte data

of the final pack of the ILVUis conpleted. Then, the
controller 2300 further give a coommand for the

bi t stream reproducer 2000 to nove to the position

i G2 p3R6E 0h-a3ddEesS d, Ndhe at f6k-Lyu N nld-Ms A Eegp #31105.
The 20 bitstream producer 2000 noves to the sector
HddrbEsVPRE dat ethe NTelLWigher bgenandadcfias ad reag process
t Thus, the detection of final end of |LVU
te(Féﬁééﬁﬁg process for the next |ILVU can be

performed »tfeckpvébyiobnthiee rebhoieg raegkd@lle Wwhelemped to
the nultinedia data_ 25 MBS is rsproduc%glby t he advances
%1% steeanfrEpPodiiCE-2600 SHAREH ‘a 3167 RIFTTTT

rThng
Y QGASS +ANMhd S MUY tedt astheastr eamw butf es 248%9address of

However, in the case that the Signal processor 2008 of
ghife abicist r eamwiepttodaber 20HE N0 [FRDr PaFatREHFER 47 SteP
ffer for error correction process, for exanple, the
controller 2300 5 gives a noving conmand to reproducer
2000 so that tibe thueprmoehaiarl2000) noaesf¢o the rdeddh nfor the
osition indicated b .
J%g = selecteg v thg 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 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 to
the present invention can prcmptly 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

reproauction which is one of main targets of the present

invention.
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NT_I LVUSA reg after conpletion of the final pack data

of fore nentioned ILVU and clearing the interna

buffer of the reproducer 2000. Thus, the effective
reproduction of ILVU 10 data even when the bitstream
reproducer 2000 includes a buffer for error

correction code (ECC) process. Furthernore, when the

bit stream producer 2000 has a buffer for ECC process,

the data can be transferred effectively by providing

any neans having a function 15 equivalent to that of

data counter 2408 (Fig. 6®654n other words, the

bitstream reproducer 2000 generates the pack input

conpl etion signal St62; the decode system controller

2300 gives a command based on the signal St62 the

bitstream reproducer 200 to nove to the reading

positi on havichg Secioin2d address desi gnatedsbyuction of the
NT_I LVU SA reg. As apparent fromthe above, tgedq%tat. £

ehnebe DudisferiERP eVhéehi very RRBIPIRNCFHesRd detection ©

ghEQEEQQQEr Bﬁgdyggﬁ ggqgegé§ige&uﬂgié9ﬂyto fﬁ@féﬂrééﬁﬁbuffer
ata reproduced fromthe recording media M It is to

beonotedhgirhiate s he Hpparmtfifemand4fRt hgd syzg-em buffer 2404, a

bstantially th descri i _ . The
RRPRS288°0 Bhplc LB AERET REQE ed0B BriteR VU ar ba e B

- gsedehobulrher dribackic@ip¥ERY 1I8nGtdreOtdier wiorlds, cdprrol data

replacing the extraction of ILVTJ EA and NT 1LVU Sa, . .
¥RETHRE I3t 361 ng e UtV I TER Y larkf %rv_ﬁ% | BARES e
YLEDARE 88 IACLo @l MOBUEA, Sadngrlns ng VOBU EA

reag, e apparatus and nethod according to the )
present i n{bet VOB, bdéSeri etk dbowmraniltheteseF Fhp titls VOB

égga VTSTT VOB (Fig. 16), and the stream St67 to the system
decoder 2500.

The NV (navigation pack) extractoxr 2406 receives the
VOB data at the same time with the VOB buffer 2402, and
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
genefation information DSI_GI shown in Fig. 139 to produce a
pack address information St2452 (Sté3).

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 byte. Then, the data counter
2408 produces a pack input terminating signal St2454 (St63)
at the time when the inputting of pack data is completed.

Due to its construction shown in Fig. 69, the stream

buffer 2400 performs the VOBU data transfer as examples at
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detection of unatend. This is effective for the VOSU
data transferring operations shown at steps #31074,
#31082, "31092, and #31102. 10 Thus, the readi ng of
data such as ILVU and VOBU can be perforned
effectively. Decoding flows in the stream buffer The
process for decoding data in the stream buffer 2400
shown as step #31034 in Fig. 57 is described below 15
referring to Fig. 58. This process (step #31034)
conprises steps #31110, #31112, #31114, and #31116.

At step #31110 data is t+msferred in pack units from
the stream buffer 2400 to the system decoder 2500
(Fig. 26). The procedure then noves to step #31112.
20 At step #31112 the pack data is fromthe stream

buf fer 2400 to each of the buffers, i.e., the video

U ef 31 260057 SHDE DI gLUr 8 sbyh8L,2700, rands @l ® buffer 2400
buffer 2800. At siep #31112 the Ids of the
Qrgruse| sbeedGRItI datandosub-ipt cNYT eetftact 9L e240fhednd data

udi.o 1D,AUDI QI D_reg and the 25 sub-pict Dyuse
S Lol e e I S b M R S
Heegiistes ShOWoBD Ba@a oh tiHe €oppafedndetfl«ahes unit ILVU.
stream | D and sub-stream | D read fromthe packet

Afedtieret ey 19, NUnEXERACtREL CAPRg FICIRSTS 3 outputata ©f
11870 s r8sPeft IM P W ehS £ nINEanRl EREUL S hNEA NDNESELing of

to step #31114. 5 The decode tim ng of the respective
rdeticthitsor \Hatgo datsubVpi ehdr entandsabievedécadersynpd St2452
(%rgg)mtloeq:lgé] c?écecpdé#msl}}s em controlier 2300 (Fig. 26).

The decode system controller 2300 stores the signal
£t2452 into the ILVU_EA reg and NT_ILVU_SA_ reg, and then start
to counts the number of packs based on the pack terminating
signal 2452 from the data counter 2408. Based on ﬁhe 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 pack of the ILVU is
completad. Then, the controller 2300 further give a command
for the bitstream reproducer 2000 to move to the position
having a sector address indicated by NT_ILVU_SA reg. The
bitstream producer 2000 moves to the sector address indicated
NT_ILVU SA_ reg, and starts to read 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 without a
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i.e., the decoding operations of the decoders are
synchroni zed, and the procedure noves to step #31116.
The respective elenentary strings are then decoded 10
at step #31116. The vi deo decoder 3801 thus reads and
decodes the data fromthe video buffer, the
sub- pi cture decoder 3100 reads and decodes the data
fromthe sub-picture buffer, and the audi o decoder
3200 reads and decodes the data fromthe audio
buffer. 15 This stream buffer data decodi ng process
then terni nates when thedé7decodi ng processes are
conpl eted. The decoder synchroni zati on process of step
#31114, Fig. 58, is described belowwth reference to
Fig. 59. This processes conprises steps #31120,
#31122, and #31124. 20 At step #31120 it is determ ned

et eI nd SEEMk eSS af@NECinfit d&d SRethki edrbamwBalifer 2459.
the current cell and the preceding cell. If a
HQWai®6s tBniEet iHEe t Wea pr BEBJSFERADY BSOS e R008 ©f the

ﬁ%a&frgﬁiodhggrp'é%%%d@se %Jr%t%t@mf@il-lg“buﬁfer for

process synchroni zi ng operation for producing
an%nﬂesgrcenneonlmmpqas%meturedxamPQEept#@lnybtnn&ﬂ%r 2300

rocess -170-. nchroni zi ng_operati on for sean
connectd oS ef%cﬁ?ggafﬁ s?gp FHIT0 aqﬁﬂ%ve Rt the
rAddRsSe NMUbbboSaRRe I e OgHEt FreRdiegNkbEelitilch iidicated by

necessar o seam essly reproduce t= 5 connections
%Br AR IRIPE VS hFef Hirdbmeal fags oFf fore

rrd&ﬂﬁ&%édf%"(}d ' Taln% edhbLBg N tnel S AHMALD WHERer of the
régigé;éer 2000. Thus, the effective reproduction of ILVU
data even when the bitstream reproducer 2000 includes a buffer
for error correction code (ECC) process. -

Furthermore, when the bitstream producer 2000 has
a buffer for ECC process, the data can be transferred
effectively by providing any mwmeans having a function
equivalent to that of data counter 2408 (Fig. 69). In other
words, the bitstream reproducer 2000 generates the pack input
completion signal Stsz; the decode system controller 2300
gives a command based on the signal Sté2 the bitstream
reproducer 200 to move to the reading position having sector
address designated by NT_ILVU_SA_reg. As apparent from the
above, the data can be t;ansferred effectively even when the
bitstream reproducer 2000 has a function to buffer the data
reproduced from the recording media M.

It is to be noted that the apparatus and method

sukstantially the same as those described in the above with
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streans, however, there is no contiguity between the

SCR ar _  PTS at the connection. The problens relating

to reproducing VOB of which the SCR and PTS are not
contiguous are described 10 below. Note that the
presentation tinme stanp PTS declaring the video
presentation start tine is referenced below as to

VPTS, the decoding time stanp DTS decl aring the video

decode start tinme is referenced as VDTS, and the
presentation tinme 15 stanp PTS declaring the audio
reproduction, or present-atG%on, start tine is

referenced as APTS bel ow. The rel ationship between the

SCR, APTS, and VPTS values and recording positions in

the VOB are shown in Fig. 47 and described bel ow. For
sinplification this description 20 is limted to the
r&eReatd £IStpay apRt €rSeatle o SCRvvaldi bs neseod deédr the
wth the PTS to both the m ddl e audio strean1and ,
dBSLCEHHM d¥EESt reath | f The opésitt | BR¥A6n tRH¥E Teplacing the

eherizental AXi S1.af %Aapgagxmatﬁ% tdle SAB: the storing of
approxi mately the sanme SCR valtue 13 r'ecorded to each

IbwﬂeﬁﬁLreglﬁth§§ LSVUhEA! reg wmdhcameda$wr¢¢M&@m}btﬁV“BU;Er

|n the VOB;. Tve is the t
=53 e p R P LA et WreOPBAERCRR PHE UBSHorhEqording
tbhﬁhélﬁ&bé@@tCiﬁ&ﬁhi&bﬁf“ﬁed¥§g$éﬁ aldesrd a&hnauélas@ﬁCfbr the
in the VOB, Tvd is the video 5 decode buffer delay
defRELigA SFaditatend: audRésdécoRE IRFATSre FRF ajhei o3V data

tFLhl=ra8riHiAchbL PEL LLAE QM IWPULRE 580 YEB S, 231002,
and #31102. -

Thus, the reading of data such as ILVU and VCORU can
be performed effectively.

Decoding flows in the gtream buffer

The process for deceoding data in the stream buffer
2400 shown as step #31034 in Fig. 57 is described below
referring to Fig. 58. This process {(step #231034) comprises
steps #31110, #31112, $#31114, and #31116.

At step #31110 data is transferred in pack units
from the stream buffer 2400 to the system decoder 2500 (Fig.
26) . The procedure then moves to step #31112.

At step #31112 the pack data is from the stream
buffer 2400 to each of the buffers, i.e., the wvideo buffer
2600, sSub-picture buffer 2700, and audio buffer 2800.

At step #31112 the Ids of the user-selected -audio
and sub-picture data, i.e., the audio ID AUDIO_ID_reg and the

sub-picture ID SP_ID reg stored to the scenario information
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in Fig. 47 to the system decoder to output of the |ast

audi o and video reproduction data. The hori zont al

axis shows the 10 passage of tinme t, and the vertica

axi s shows the SCR value, which indicates the tine

transfer should be acconplished, and the PTS val ues,

whi ch indicate the tinme reproduction should be

acconpl i shed. Both audi o and video outputs are thus

del ayed by the 15 respective decode buffers

referenced to the systemclock reference SCR and

whil e the audi o and vi deo 1#8t-a are i nput

substantially simultaneously, the video data is

reproduced at a slight delay after the audi o data.

This delay is caused by the difference in the video

and audi o decode buffer delay 20 tinmes. In addition,

whgh stwer YEBwar en coimeded axidhemtmpasedneicont hgustyeam ID zod
bet ween the SCR and PTS at the connection except = when y
§UET fGFE2E FEamPIeB Firs™s pirt PAME s S5a- e Ciehadg) - and cne
hL2cRenRL U HeRrdugtd Of o VR: #le 8pdc¥YBHBusrfers. The
havi ng non-conti guous SCR and PTS paraneters is

Heserdbeg Baleowmorelseto g <o G146, Fig. 46 al so

shows t he |at i onshi.p. bet we he S P §¥% o
VPTS val uersr%gn e(r:%%%r%%lgn%ggfﬁgnge%é%%c‘ﬁé\%o p (Via=e
syBteireueek sefienenie BCRAerd)i 1B tohorpRlednin step #31114,
i ndi cating the pack transfer tinme, and is_recorded

W Bh eacH® palRCORPTY | SCPPE2RLARE plHybatR®st SFIFHE TS
5 AEn-BHOLERL | QRa EReOLdedWhikl eRAR AWd @dackeisand
VPTS is the video

The respective elementary strings are then decoc=d

at step #31116. The video decoderxr 3801 thus reads and decod:zs
the data from the video buffer, the sub-picture decoder 3130
reads and decodes the data from the sub-picture buffer, z:d
the audio decoder 3200 reads and decodes the data ffom zha
audic buffer.

This stream buffer Qata decoding process then
terminates when these decoding processes are completed.

The decoder synchronization process of step #31114,
Fig. 58, is described below with reference to Fig. 59. This
processes comprises steps #31120, #31122, and #31124.

At step $#31120 it is determined whether a seamlezs
connection is specified between the current cell and the
preceding cell. If a seamiess connection, the procedure moveas
to step #31122, if not, the procedure moves to step #311l21.

A process synchronizing operation for producing

seamless connecticns is executed in step #31122, and a procsss
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10 pl ayback starting tine information recorded with

each video packet. The systemclock STCis a

reference clock for decoder synchronization control.

Tsel is the time indicated by the SCR of the'l ast

pack in VOB #1; Tael is the tinme indicated by the |ast

APTS 15 in VOB #1; and Tvel is the tine indicated by

the last VPTS in VOB #1. Tad is the audi o decode

buffer delay time; Tvd is the video decode buffer

delay tinme; and the horizontal axis indicates the

passage of time t. 20 whatl’®s inportant to note here

is that synchronizing the audio and video so that the

reproduced audi o and video signals are output at the

time the systemclock STC equals the APTS and VPTS

values in the stream To nmaintain the reference clock

tonchrandfzéng ngpr¥oBtri2h t dotrhe neystsemmdecedercortrthect ions is

first systemclock reference SCR -173- value in VOB #2

AtEEUHES e £5%FPnd>8t@%4nitializer at precisely tine

Tsel . Howewer, hecallse repLeduclsl onnand: ostodt e Riuction

#1 have not been conpleted at this tine point, the

agaFseand Vitded sst indcasFrdy outPut SERDREVEBY #1 rPreduce  tr=
' I n b orpally. reprodu b ! 4 7 -

LhHELRTong, BER0RL"FolP PR, (FRLR B SREE SfRgrmar

gabliegdk-sheeSTCriknkt kaikieay uaiset iat dikddaddiimtendiiscres:

tine Tael, i.e., later than the system cl ock .

FEFEPBfce PSERVEF e TREEF, 1B EPBFEAE LY Petween the SCR anz

PTS at the connection. The problems relating to reproducing
VOB of which the SCR and PTS are not contiguous are describedl
below.

Note that the presentation time stamp PTS declaring
the video presentation start time is referenced below as ths
VPTS, the decoding time stamp DTS declaring the video-decode
start time is referenced as VDTS, and the presentation time
stamp PTS declaring the audio reproduction, or presentation,
start time is referenced as APTS below.

The relationship between the SCR, APTS, and VPTS
values and recording positions in the VOB are shown in Fig.
47 and described below. For simplification this description
is limited to the SCR and PTS parameters. The top SCR valu=
is recorded with the PTS to both the middle audio stream and
bottom video stream. If éhe positions on the horizontal axis
are approximately the same, approximately the same SCR value

is recorded to each stream.
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10 clock at which the first pack in VOB #2 shoul d be
transferred is lost, and the reference clock for the
VOB #1 video output to be reproduced after tine Tael
is lost. The same problem al so occurs if the system
clock reference SCRis set to the STCinitializer at
time Tvel. 15 Wien there is a one-to-one
correspondence between the VOB reproduced first,

i.e., the first VOB " and the VOB reproduced
thereafter, i.e., the second VOB, this problemcan be
avoi ded by assuring that YHe first SCR val ue of the
second VOB is contiguous to the last SCR of the first
VOB. However, 20 when conmon data is shared between
plural titles, there is a many-to-one relationship
between the first VOB and the nmany VOB that nay be

r epr oduced stshereafber t iMhenndomeicgdoips! he e%ﬁ%dﬂ‘éi Fge last

a_second. Vi ollomnn a_first yOB #1, N
o3y &Fof Bniehes 75, TP oot 1y Hhy T r]ﬁ’};ng Nog 51 °F the
1dataviBed5phhe decede koEf.erraat ilsl ABeTsehe ahRdicated by the

seanl ess reproduction in -174- which the audio and
ABT8ed far ROt 256t 614A12 eB2FY Adt PussVBPe. TA9methoblg) videse

afarasean:-ess! weneRr @dUei.Ng OB f jwhigh tLRe-SER-aBE buzfar

PTS are not contiguous i's described by means of the
dedhayenbodi-nrent s of the |nvent|on bel ow. 5

(Synchroni_zat i cantr IIer di nent 1) Af t <
enbodlneangf g%e 8y Re 8 7 8 s % P kké VGE shown

ihSFilgsceirbed aaeOokeHsh@nt Qet:hﬁel&r Q&eﬂhtpﬂ\teﬁt’l ane Matsh audio
reference to FI% 32 below. As shown in Fig

. t he
aRGNERASRT FEP Eprixes- a ’%%t%ﬂﬁ?%‘kalsﬁﬂs shows the
pQSQﬁ&@tBE gggg t, and the vertical axis shows the SCR value,

which indicates the time transfer should be accomplished, and
the PTS wvalues, which indicate the time reproduction should
be accomplished. |

Both audic and video outputs are thus delayed by the
respective decode buffers referenced to the system clock
reference SCR, and while the audio and wvideo data are input
substantially simultaneocusly, the video data is reproduced at
a slight delay after the audio data. This delay is caused by
the difference in the video and audioc decode buffer delay
times.

In addition, when two VOB are connected, there is
no contiguity between the.SCR and PTS at the connection except

when a single-stream VOB is split into separate streams.
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10 PTS/ DTS extractor 2904, video decoder synchroni zer

2906, sub- picture decoder synchronizer 2908, audio

decoder synchroni zer 2910, and system decoder

synchroni zer 2912. The STC generator 2902 generates

the systemclock for each decoder, and supplies the
synchroni zati on system 15 clock $TC to the video

decoder synchroni zer 2906, sub-picture decoder

synchroni zer 2908, audi o decoder synchronizer 2910,

and system decoder synchroni zer 2912. The STC

generator 2902 is descrily@d in detail below wth

reference to Fig. 39. The PTS/ DTS extractor 2904

extracts the presentation 20 tine stanp PTS and

decoding tinme stanp DTS fromthe synchronization

control data St81, and supplies the PTS and DTS to

t he decodeengyhtblenkzetsdutitd od d€ovdecsdeand VOB #2 having

synchroni zer 2906 generates the video strean1decod|ng
nehaPPRELgHEM SStHR bESE BRSt RIS 175 SEfigrsted Pelow
rdeBeLahgr «29844and st he decoding time stanp DTS for

starting video decodi ng supplied fromthe PTS/ DTS

extract or Fig904¢ akﬁqaahme@itm@arbyatnheS@PGEBEEEeeéeﬁhe SCR,

chr oni 290 enerates the V|deo e

AE%%ft s?gﬁg SYQSuME APh&SE™ E’aﬁ& %¥E%1%%ﬁhpgﬂ33

sub- pi ct ureedegedem &ya&hr&EEE&EnZ&O&C@SﬁQf&hﬁ& itffermation

sub-pi cture stream decodi ng start signal St91 based on
1pAicakTedr Fif PAEKSFERgEREFatdMe2062%hRd EIFE FEESiHig T =ach

phéRP abaap ; Dlgd oauaiarp @%b%&c i Ct M EndeeolNdnformation
supplied fromthe 10 PTS/DTS extractor 2904. Mre

repecfedcarigh elachsubugiot upacket; and VPTS is the wvideo

playback starting time information racorded with each wvidec
packet. The system clock STC is a reference clock for decoder
synchronization ceontrol.

Tsel is the time indicated by the SCR of the last
rack in VOB #1; Tael is the time indicated by the last APTS
in VOB #1; and Tvel is the time indicated by the last VPTS in
VOB #1.

Tad is the audic decode buffer delay time; Tvd is

the video decode buffer delay time; and the horizontal axis
indicates the passage of time t.
_ What is important to note here is that synchronizing
the audio and video so that the reproduced audic and video
signals are output at the time the system clock STC eguals the
APTS and VPTS values in the stream.

To maintain the reference clock for transferring VOB

to the system decoder, the first system clock reference SCR
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decoder synchroni zer 2908 generates the sub-picture
stream decoding start signal St91 when the STC and
DTS match. The audi o decoder synchroni zer 2910
generates the audio stream decoding start signal St93
based on the STC from 15 the STC generator 2902 and
the decoding tine stanp DTS for starting audio
decodi ng supplied fromthe PTS/ DTS extractor 2904.
More specifically, the audi o decoder synchronizer 2910
generates the audi o stream.decoding start signal St93
when the STC and DTS naf di® 20 The syst em decoder
synchroni zer 2912 outputs the STC fromthe STC
generator 2902 as the systemclock St79. The system
clock St79 is used to control pack transfers fromthe
stream buffers to the system decoder. In other words,
Véaltke 11 STECR #e exwceeddbet heeSCRwaltie iﬂTt?heilph‘@kalizer at

t he e§y5?599'§5§§ Hgansferr d fron1the sg{ g%ﬁ £ output

P5°F e€m decoder. e % dcture an
@ﬂemmﬂ(HEOﬁabbenSICﬂkEHNéﬁﬁ@leQ&@Zaﬁr&Hﬁ&c&hﬁedpbﬂnt the

detail below with reference to Fig As shown in

21 giozand; hedeT S dnertat bF zgegueoﬁﬁ?wS‘é%Ba“sfsﬁ%?ﬁ time Tsel

ELREKCSEE hBihiadh Z%E §8Q&93dSEQcQBE§eEhga&e%@:teelrce clock is
32012, STC 5 coun § 4, STC regenerator 32016, STC

%@$@ction controller 32018 STC sel ector for video

decoder 32020 STC selector_far b-p ure .deco .
32022, STCgseI ector For % auanolgecog‘er é%offlufndggﬂi:h STC

Selechbbzber isydeamgecower a3d036 endhe ioEC idBeti.e., later
cal cul ator 32012 calculates the 10 offset val ue STCof
TR theuB¥are™ AtoslsteRPERBER SFR Fome Tsel. the reference

clock at which the first pack in VOB #2 should be transferresd
is lest, and the reference clock for the VOB #1 video output
to be reproduced after time Tael is lost.
The same problem also cccurs if the system clocgk
reference SCR is set to the STC initializer at time Tvel.
When there is a one-to-one correspondence between

the VOB reproduced first, i.e., the first VOB,. and the VOB

. reproduced thereafter, i.e., the second VOB, this problem can

be avoided by assuring that the first SCR value of the second
VOB is contiguous to the last SCR of the first VOB. However,
when common data is shared between plural titles, there is a
many-to-one relationship between the first VOB and the many
VOB that may be reproducea thereafter. When contiguously
reproducing a second VOB #2 following a first VOB #1, it is
therefore necessary.to destroy any remaining VOB #1 data in

the decode buffer at time Tsel, and seamless reproduction in
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conti guous reproduction of two VOBs with different
initial systemclock STC values (SCR). Mre
specifically, the offset value STCof is calcul ated by
subtracting the Initial Video Frame Presentation 15
Start Tinme VOB V SPTM reg value of the next VOB to be
reproduced fromthe Final Video Frane Presentation
Termnation Tinme VOB V EPTMreg (see Fig. 39) of the
VOB reproduced first. The STC counter 32014 is a
sequential counter that counts froma set val ue
synchroni zed to the systbh?%rock, and 20 generates

the reference clock STCc for each decoder. The STC
regenerator 32016 outputs a reset system clock STCr

by subtracting the offset val ue STCof cal cul ated by
the STC offset calculator 32012 fromthe reference .
wiliotk t h8TEods ppphiledi feomtaerBTE¢oymisi g2 gqno7gossible.
The systemclock STC initializer 32010 selects and

sets the SCR fromthe first pack in the VOB, or the

reset sysd ef@rHoCks )SEIr @ﬁaﬁiﬂeéﬂ@ﬂkéb&o&ﬁelng VOB of which
regenerator 32016, according to the control sugg? £
theo Rt STEEE] 8ELI BRTS “ORMYTATE S26FECTHRe reans ©

cBE! % WS Gd ML TaET 2RL 32040r 168 bBEK NI L al value
used by the STC counter 32014. The STC sel ector for

(¢ydet reconeri G202nsebbes: erbhéimene dut put STCc

fromthe T count er 014 the out f w
the STC r§§ %?%Ho?mgﬁélgeggcord%ﬁb £ %Iéfggggégg% ¢ shown

isl onidd . FEoMibha Sk ixlecit o8r8ORET 66l ehe3 ¥ EHereindinvention
outputs the selected signal to the video decoder.

w&%Qﬂﬁ pepce to Fig. 32 below. As shown in Fig. 32, the
synchronizer 2900 comprises a system clock STC generator 2902,
PTS/DTS extractor 2904, video decoder synchronizer 2506, sub-
picture decocder syhchronizer 2908, audioc decoder synchronizer
2910, and system decoaer synchronizer 2812. -

The STC generator 2902 generates the system clock
for each decoder, and supplies the synchronization system
clock STC to the video decoder synchronizer 2906, sub-picture
decéder synchronizer 2908, audio decoder synchronizer 2910}
and system deccder synchronizer 2912. The STC generator 2902
is described in detail below with reference to Fig. 39.

The PTS/DTS extractor 2904 extracts the presentation
time stamp PTS and decoding time stamp DTS from the
synchronization contrel éata st81, and supplies the PTS and
DTS to the decoder synchronizers.

The video decoder synchronizer 2906 generates the

video stream decoding start signal St89 based on the STC from
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2906. The STC sel ector for sub-picture decoder 32022
simlarly selects either output STCc or output STCr
according 15 to the control signal fromthe STC

sel ection controller 32018, and gutputs the sel ected
signal to the sub-picture decoder synchronizer 2908.
The STC selector for audi o decoder 32024 simlarly

sel ects either output STCc or output STCr according to
the 20 control signal fromthe STC sel ection
controller 32018, and outputs the selected signal to

t he audi o decoder synchronl?er 2910. The STC sel ector
for system decoder 32026 simlarly selects either

out put STCc or output STCr according to the 25
control signal fromthe STC sel ection controller
32018, and -178- outputs the selected signal to the

syt emrdlesoflerasynchponi zela M 2ieJbeivpetaneontafnp 0TS fox
the STC selection controller 32018 during
FERrSdad 59 HetRe FInSHEP YA EEr FHET E@%WW/ TS gextractox

5%%%ren&grEoFgéglfﬁgalggrIEﬂen@ﬂaéga&$§§§e9Qﬁ&ﬁ&hﬁanlzer 2906
(when the SPF reg f SM.), all STC selectors

Gemera8EG Stleevideof @trewotwcel@mmj@rt&&m.gégnsfﬂcﬂw when the
selecto gpr sub-pi cture decoder 32022, STC sel ector
5ﬁﬁ153&%€gﬁé 32024, and STC selector for system

decoder 3208 seel-gGlctand adtpulkrt bgnertonenee 1808 generates
clock STCc. More specifically, the STC sel ectors 3 _
SPFCRPBNPAE T VEECBHER 2BPRP APT NI LA Gt I P&ter BREES o™ the

%&%P%f%“xfﬂéné%ﬁ §Hnerator 2902 and the decoding time stamp
DTS for starting sub-picture dJdecoding supplied from the
PTS/DTS extractor 2904. More specifically, the sub-picture
decoder synchronizer 2908 generates the sub-picture stream
decoding start signal St91 when the STC and DTS match.

The audio decoder synchronizer 2910 generates the
audio stream decocding start signal St93 based on the STC from
the STC generator 2902 and the decoding time stamp DTS for
starting audio decoding supplied from the PTS/DTS extractor
2904. More specifically, the audio decoder synchronizer 2210
generates the audio stream decoding start signal St93 when the
STC and DTS match.

The system decoder synchronizer 2912 outputs the STC
from the STC generator 2902 as the system clock St79. The
system clock St79 is used to control pack transfers from the
stream buffers to the system deccder. In other words, if the
STC value exceeds the SCR value in the pack, the pack data is

transferred from the stream buffer to the system decoder.
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the STC counter 32014. The operation of the STC

sel ection controller 32018 during seanl ess
reproduction (when the SPF reg flag = SM.) is 15 al so
descri bed below with reference to Fig. 40 and Fig. 61.
Fig. 40 al so shows the relationship between the SCR
APTS, VDTS, and VPTS val ues and recording positions in
each streamwhen two VOBs #1 and #2 are connected and
seanl ess reproduced. 20 The system cl ock reference
SCRis tinme information indicating the pack transfer
time, and is recorded wi tH78ach pack; APTS is the
audi o playback starting time information recorded

wi th each audi o packet; VDTS is the video decode

start tinme information recorded with each video
packet; and 25 VPTS is the video playback starting
time inforﬂﬁéi&mrm&tmﬁdfdmi§9opmkﬁh¢6ﬁCbfvhdﬁﬂ packeknerator
The systemclock STC is a reference  clock for decoder

ShiFRTOTPLOM? GfetackIPAY wish fetmmmcs to Fig. 39.

Zié’“yl’ﬁﬁ&rﬁq_rpf‘ltghe3SCRtHE &he gel:@ééatf@s.cl@gdb \é%p#z‘]a.-se@% system
(T2) is the tine indicated by the 5 last APTS in VOB

Fec EEIC (lTB)t-“}aalﬂt'q"%rﬁ%@Q NnETACEEseF FRéCMdStoyDPS012, STC
o%r&%%éol%n % #ie enzaraé?gﬁ—hf (H.gre %sgﬁé%q;@ﬁ cEH%roller

|na1 rane
Presentsid erelkervomnatdwn ibawe dddddéxERERRI0Jestcf sedebyor fox
the Jast VPTS in VOB #1. 10 Tad is the audio deg%T de
PR RIS G Qy SEEREeTant2 898 £ RPVF AT dEEadEHUFT eFec®

38)AY, tid®. sTC selector for system decoder 32026.

The STC offset calculator 32012 calculates the
offset wvalue STCef used to update the system cloc‘k STC for
contigquous reproduction of two VOBs with different initial
system clock STC values (SCR).

More specifically, the offset wvalue S'I“‘Cof is
calculated by subtracting the Initial Video Frame Presentation
Start Time VOB _V_SPTM_reg value of the next VOB to be
reproduced from the Final Video Frame Presentation Termination

Time VOB_V_EPTM_reg (see Fig. 39) of the VOB repxoduced first.

The STC counter 32014 is a sequential counter that
counts from a set value synchronized to the system clock, and
generates the reference clock STCc for each decoder.

The STC regeneratoxr 32016 outputs a reset system

clock STCr by subtracting the offset value STCof calculated

by the STC offset calculator 32012 from the reference clock

ETCc supplied from the STC counter 32014.
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Tad is the audi o decode buffer delay tine; Tdd is the
vi deo decode buffer delay tinme; and Tve is the sum of
the video decode buffer delay tinme and the del ay
until video 15 presentation. Fig. 61 is a flow chart
used to describe the operation of the STC sel ection
controller 32018 shown in Fig. 39 during seanl ess
reproducti on operation. At step #311220, the STC

of fset (offset value STCof) 20 is calculated, and the
procedure noves to step #311221. As descri bed above,
the STC of fset value STCo¥?’7is cal cul ated by
subtracting the Initial Video Frame Presentation

Start Time VOB V SPTM reg val ue of the next VOB to be
reproduced fromthe Final Video Frane Presentation
Term nation 25 Tine VOB V. EPTMreg (see Fig. 55) of
the VOB r apeodycednf idistck KT iHiws altibed ot2dll0 selects and

regroq§¥tion time of the VOB reproduced first is he T
HFc e BsTTRE &ffsett WAt B2 ST COP % he"RrogP* the reset

st¥epeRduceskk nexicr Abushep #3LI22dnt hetcal sehahedaSIe 32015,
of fset value 5 STCof I1s applied to the STC
apegefiendt oFo 3201 (APt e stllgmalsy§rem ctoek TIE. spHection
nov t tep #311222 ) {OFIPP
CBEELERUCE VORSTe SRaL e B e e e T TEpanes s20no
isubheadhingattheaduepuisedTGaf dHeomTche:cSHE cof fsa114 .
cal cul ator_ 32012 fromthe reference cl ock STCc_out

ut
from the TBeSFEGQMtErap0ER=( SFEee. oRig® 2AAZD selects
e DUhPUt S HNEhesUtt A% theshestlk K&t eabghock FE@1e or the

output STCr from the STC regenerator 32016 according to the

=

control signal from the STC selection controller 32018, and
outputs the selected signal to the video decoder synchronizer
2906.

The STC selector for sub-picture decoder 32022
similarly selects either output STCc or cutput STCr according
to the control signal from the STC selection contreller 32018,
and Qﬁtputs the selected signal teo the sub-picture deccder
synchronizer 2908.

The STC selector for audio decoder 32024 similarly
selects either output STCc or output STCr according to the
control signal from the STC selection controller 32018, and
outputs the selected signal teo the audio decoder synchronizer
2910. |

The STC selectoxr for system decoder 32026 similarly
selects either ocutput STCc or output STCr according to the

control signal from the STC selection controller 32018, and
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At step #311222 the reset systemclock STCr is
sel ectively output by the STC sel ection controller
32018 to the STC selector for system decoder 32026 at
time T1 (Fig. 15 40), i.e., at the tinme SCR changes
fromstream VOB #1 to VOB #2. The procedure then
noves to step #311223. Thereafter the reset system
clock STCr is applied as the systemclock STC
referenced by the system decoder, and the transfer
timng of VOB #2 to the system decoder is determ ned
by the SCRin the 20 paék8header of the pack and the
STCr. At step #311223 the reset systemclock STCr is
sel ectively output to the STC selector for audio
decoder 32024 at tine T2 (Fig. 40), i.e., at the tine
APTS changes from stream VOB #1 to VOB #2. The
ormoed Wies kardmvesigaast ep 2be £3EL2M dethdreabtarhronizer
the reset systemclock STCr is applied as - 181 the
2%yt em cl ock STC referenced by the audi o decoder, and
the VOB e ayoll 0, 0L PWr tl Rerd ScleterBhnednbyotiher 32018
APTS in the audio packet and the STCr. In other
duptimds, nwirers savd SSECr repabcies ithe APTSIeadrikedli bedarn with
ondi tothat APTS 5 is repro t,
=T e et Doy R Go S e Effbalficd] Snen cne
Srrut:pity Almd hesBLEC, selecdDe delle i leo, decmdersmeémecat:r for
time T3 (Fig e., at the time VDTS changes fr
videalieobaeR] 10408 S5C AR FUAEPE (hE HIRE] odtodex
3580, ]é)rd#%@.?ez:%oglwreéﬁfcﬁro Hheckeset 294t eghal 8¢k selector
STCr is applied as the systemclock STC referenced by
farhesyptien decodtar 3R026heselect and output the reference

clock STCc. More specifically, the STC selectors synchronize
decoder operation based cn the reference clcck STCc output by
the STC counter 32014.

The cperation of the STC selection contreoller 32018
during seamless reproduction (when the SPF_reg flag = SML) is
also described below with reference to Fig. 40 and Fig. 61.

Fig. 4d also shows the relationship between the SCR,
APTS, VDTS, and VPTS values and recording positions in each
stream when two VOBs #1 and #2 are connected and seamless
reproduced.

The system clock reference SCR is time inforxmation
indicating the pack transfer time, and is recorded with each
pack; APTS is the audic playback starting time information
recorded with each audio packet; VDTS is the video decode
start time information recorded with each video packet; and

VPTS is the video playback starting time information recorded



10

15

20

25

VOB #2 video decode timng is determ ned by the VDTS

in the video packet and the STCr. In other words,

when the STCr matches the VDTS, the video data

corresponding to that VDTS 15 is decoded. At step

#311225 the reset systemclock STCr is selectively

output to the STC sel ector for sub-picture decoder

32022 at tine T4 (Fig. 40), i.e., at the tinme VPTS

changes fromstream VOB #1 to VOB #2. The procedure

then noves to step 20 #311226. Thereafter the reset

system clock STCr is applile® - as the system cl ock STC

referenced by the sub-picture decoder, and the VOB #2

sub-picture presentation timng is determ ned by the

presentation tinme stanp PTS in the sub-picture packet

and the STCr. -182- In other words, when the STCr

mateheschheiBES, phl@ssub- phet uhe cdal @ 100kl @Iuond BY deference

that PTS is reproduced. Note that the process from

SuBShi &L degecSd Ryd Haregatian GPs°lacconpl i shed

i nstant anequshy. -AS a J st te i dd1e; Systemg! 0okcBeSEER of the

val ue referenced by the sub-picture decoder changes at

Lthet pawx timivVap atl wisdt t HE2 vi deotipd aybruekistareteg by the
i i_nformatjon VPTS changes from VOB #1 to VOB_#2.

gk ggt g‘rjur}fv%ffzé}@% R 4 %eji s' Feset®to'% htéllgerclnglcated Py the

lQEEi@tﬁﬁeﬁnsaQ@O#iuuéﬁaT&4éﬂttfﬂjZﬁé B8RO10ikBUSndicated by

supplies 10 this updated clock to the STC counter,

8bg1412Gki AP BPeridt eYOFsi #g-t hiser esetlyfidit| ggigee Frame

PLLLURbYE oaS Fdieni U didH ¥ahievopTHEERTRCEHE A {80 by the

noves to step #311227.
last VPTS in VOB #1.

Tad is the audio decode buffsr delay time; and Tvd
is the video decode buffer delay time.

Tad is the audio decode buffer delay time;_Tdd is
the video decode buffer delay time; and Tve is the sum of the
video decode buffer delay time and the delay until wvideo
presentation.

Fig. 61 is a flow chart used to describe the

operation of the STC selection controller 32018 shown in Fig.

29 during seamless reproduction operation.

At step #311220, the STC offset (offset value STCof)
is calculated, and the procedure moves to step #311221.

As described above, the STC offset wvalue STCof is
calculated by subtracting the Initial Video Frame Presentation
Start Time VOB_V_SPTM reg value of the next VOB to be
reproduced from the Final Video Frame Presentation Termination

Time VOB_V_EPTM_reg (see Fig. 55) of the VOB reproduced first.
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At step #311227 all of the STC selectors, i.e., STC
sel ector for video decoder 32020, STC selector for
sub-picture 15 decoder 32022, STC selector for audio
decoder 32024, and STC sel ector for system decoder
32026, output the reference clock STCc. Thereafter,
the system clock STC referenced by the video decoder,
sub- pi cture decoder, audio decoder, and system 20
decoder is the reference clock STCc out put fromthe
STC counter 32014. The process from step #311226 to
step #311227 nmust only bel&8ceonplished by the tine
the system cl ock reference SCR changes fromthe VOB
#2 SCR to the first SCRin the VOB 183- follow ng VOB
#2, i.e., by tine Ti at which the change to the next
VOB is acconplished. Note that the STC switching tine

Thueantalseckal ebpabaadtbyrdetast bag:hbevehangsrbduced first
the initial Video Frane 5 Presentation Start Tine VOB

VSSPRMEEt atRe Bengbe\pEE6=Fr afbuPr 838AE af grhe VOB reproduced
lecgination Tine VOB V EPTMin the navigation pack
NV, and extracting the SCR in the pack imediately
bef ore the.‘tctm:@@ #Noteztthathd heagdameaveB \ASPTMfaAset value

X@E EPTM ues are recorded to all naVéﬁatlon
pack RI\? i r?‘zi\a‘rfe are 9e° VBB ASIERPERLPTE, SRAéR & mEddate the
eirstbaselwakussccharﬁgespr&a@dN@ A heOs changadh #311222.

and by nmonitoring a change in either of these val ues,
it is possTheeSTs RRGRNEAACES20CE Nasatkanfés. spstem clock

£48 Q?y ogh@'t%@:tqyigadgﬁgg oUE%L&aCETEEQ”SE:eJmt lt%% STC cffset

calculator 32012 from the reference clock STCc output from the
STC counter 32014 (STCc - STCof), and outputs the result as
the reset system clock STCr.

- At step #311222 the reset system clock STCr is
selectively output by the STC selecticn controller 32018 to
the STC selector for system decoder 32026 at time T1 (Fig.
40), i.e., at the time SCR changes from stream VOB #1 to VOB
#2. The procedure then moves to step #311223. Thereafter the
reset system clock STCr is applied as the system clock STC
referenced by the system decoder, and the transfer timing of
VOB #2 to the system decoder is determined by the SCR in the
pack header of the pack and the STCr.

At step #311223 the reset system clock STCr is
selectively output to the STC selector for audio decoder 32024
at time T2 (Fig. 40}, i.e., at the time APTS changes from
stream VOB #1 to VOB #2. The procedure then moves to step

#311224. Thereafter the reset system clock STCr is applied as
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to the SCR value in the pack imediately before the
VOB 15 changed. Note that the pack transfer tine is a
constant value. STC switching tines T2 and T3 can al so
be calculated fromthe APTS, VDTS, and VPTS val ues
extracted i medi ately before the VOB _V_SPTM or VOB V
EPTM val ue in the navigation pack NV changes. 20 T2
is calculated by extracting the APTS fromthe audio
packet i medi ately before the VOB changes, and addi ng
the audi o reproduction tinme contained in the audio
packet of the correspondi®dg APTS val ue. Note that the
audi o reproduction tinme contained in the audi o packet
can be 25 calculated fromthe audio bit rate and the
packet data size. 184- T3 can be obtai ned by
extracting the VDTS fromthe video packet containing
thhesgoreaspbadk ngr VIIESE ¢ needédt ey yrhdefwtio tderdf@d, and the

changes. T3 is thus obtained ag the ti define .
VEROMIDFETIS TRt A Ert® (4o EREMVERR\PERT R AP, 10 the
aWBi6h gk dthea8R0k@ USEHcr | SYRChS i 2 al/beBsGOoniHal | eRe sTCx

enbodi ment 2Z A second enbodi nent of the synchronizer
m2yohbeshshe ARTSF Fhoeudieledrt bedraeeBPARAGIt 5°t heat APTS

. present gi,aygntion 10 with reference to Fig. 41 bel ow
l%s sﬁomn In Fig. 41, the synchroni zer 2900 conprises a

system cl ek P génenavar ti3203eseRTSH PSS lackorsTCr is

32031, synchronization controller 32032, vjde
= RERaaLr L oRT oY 27 SBR03C CRBSREOT s ddiEpecoder 32020

at time T3 (Fig. 40), i.e., at the time VDTS changes from
stream VOB #1 to VOB #2. The procedure then moves to step
#311225. Thereafter the reset system clock STCr is applied as
the system clock STC referenced by the video decoder, and the
VOB #2 video decode timing is determined by the VDTS in the
video packet and the STCr. In other words, when the STCr
matches the VDTS, the video data corresponding to that VDTS
is decoded.

At step #311225 the reset system clock STCr is
selectively output to the STC selector for sub-picture decoder
32022 at time T4 (Fig. 40), i.e., at the time VPTS changes
from stream VOB #1 to VOB #2. The procedure then moves to step
#311226. Thereafter the reset system clock STCr is applied
as the system clock STC referenced by the sub-picture decoder,
and the VOB #2 sub-picture presentation timing is determined
by the presentation time stamp PTS in the sub-picture packet

and the STCr.
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synchroni zer 32034, audi o decoder synchroni zer 32035,

and 15 system decoder synchroni zer 32036. The STC

generator 32030 generates the systemclock for each
decoder, and supplies the synchronization system

clock STC to the video decoder synchronizer 32033,
sub- pi cture decoder synchronizer 32034, audi o decoder
synchroni zer 32035, and system decoder 20 synchroni zer

32036. The STC generator 32030 is a counter that

operates at the systemclock. The SCR fromthe first

pack in the first VOB inlBhe programchain PGC is set

as the initial counter value, and is thereafter

i ncrenented based on the systemclock. Note that the
initial STC counter value may be 25 reset to the APTS

or VPTS value. - 185 Both the audio and vi deo out puts

are reprodicedthsynehroni zedehorkhesTespeettesouhpuPTS, the
cl.ocks. It is therefore paossible for synchronization

T TR G ST B TRP B TRE POReRaiA PR B bR i FSpEoduced. Note
2kt M igitc d D Gor@ RA B @R Ut BUECa i 6HOEK presentation is
preci sion. Wen this accunul ated error becones great,

qERShERe R vindeenHar=puslEr SRRy Besddstr oferl fPStem clock
Sdi"i“_t Qral%dFfefée%\gngedo¥%gél%%vgu%-gzgiec)tu eT ercef rx?ghtg%xges at the

periodically Tresett e system cl oc

SARES jimcinooniazed whd ctthethaudirodedt ppl agbeck, &0firting time

.e le,, APTS - STC error_accunul ati on 10 _can_be
SIRTRIAL™ AP ROTHUe D TAT bE bt otRcB@wh e hout. |
interruptizn. dued hipsiease, sndegrgyncheoniZadd ord Sthe stC.
contralled 2¥¥sk|pp|ng or freezing video output. This
ifyibd- 2k Z8mn ch Oh? zat TBA €86t Epitisldekrn@dtdd thus supplies

this updated clock to the STC ccunter 32014, which operates
using this reset system clock STCr value as the initial value.
The procedure then moves to step #311227.

At step #311227 all of the STC selectors, i!e., sSTC
selector for video decoder 32020, STC selector for sub-picture
decoder 32022, STC selector for audio decoder 32024, and STC
selector for system decoder 32026, output the reference clock
STCc.

Thereafter, the system clock STC referenced by the
video decoder, sub-picture decoder, audio decoder, and system
decoder is the reference clock STCe output from the STC
counter 32014.

The procéss from step #311226 to step #311227 must
only be accomplished by the time the system clock reference

SCR changes from the VOB #2 SCR to the first SCR in the VOB
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Audi o Master synchronization control. 15 On the other
hand, by periodically resetting the systemclock STC
to the VPTS synchronized to the video output clock,
VPTS - STC error accunul ati on can be prevented, and
the video can be seam essly reproduced. in this case,
audi o synchroni zation is controlled by skipping or
pausi ng audio 20 output. This type of synchronization
control is defined as Video Master synchronization
control. In the follomﬁn% descri ption of
synchroni zation control, 183t ON synchroni zati on node
refers to STC-referenced 25 synchronization control,
either Audio or Video Master. An OFF 186-
synchroni zati on node is when STC-referenced
synchroni zation control is not applied. In an OFF
fgyhohiogi YaBi #2, nbde.{ hey atdeoTansk wided: ddooderssnge to the

equ |aII out he audi o and video at a defined
n??%ngoﬁréau S?mgg§§§'5h the respective 5 interna
referencexstecCkna t oyt ofref al@NGiithd Neihk M ISR also be
val ues fromthe streans, and no timng control is

chppined Py defschiios téq hehanak otmnehei B8t iThe Video Frame
Pngéépggr‘t?.éhr @,‘EraQ-E %‘59%1 'v%g r‘@céPc'I‘lJi hc?r Pﬁgsﬁgkgﬁ_l %deo Frame

time stanp PTS and decodi ng-tTne stanp DIS from
Pr@eesyﬂchaonmammumauxﬂnrnimdaNaBSNsEPTandJsuppb|a§VIgatlon
deco

KR RE NN

tlg@neh&tz@é I hRoc 8y RHMONEREL idh&0RbEol_8bgMAland voB_v_EPTM
speci fying an ON or OFF

values are recorded to all navigation packs NV in the same

VOB. As a result, when either of these values changes, the VOB

has also changed, and by monitoring a change in either of

these values, it is possible to know that the VOB has dhanged.

Tl can be obtained by adding the pack transfer time
to the SCR wvalue in the pack immediately before the VOB
changed. Note that the pack transfer time is a constant value.

STC switching times T2 and T3 can also ke calculated
from the APTS, VDTS, and VPTS values extracted immediately
before the VOB_V_SPTM or VOB_V_EPTM value in the navigation
pack NV changes.

T2 is calculated by extracting the APTS from the
audic packet immediately before the VOB changes, and adding
the audio reproduction time contained in the audio packet of
the corresponding APTS value. Note that the audio

reproduction time contained in the audio packet can be

calculated from the audio bit rate and the packet data size.
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synchroni zati on node for each of the decoder
synchroni zers. 15 This synchroni zation controller
32032 is described in detail belowwith reference to
Fig. 42. |If the synchronization control signal from
the synchroni zation controller 32032 specifies an ON
synchroni zati on node, the video decoder synchroni zer
32033 20 generates the video stream decodi ng start
signal St89 based on the STC fromthe STC generat or
32030 and the decoding tine stanp DTS for starting
vi deo decoding supplied fré&¥tthe PTS/ DTS extractor
32031. More specifically, the video decoder
synchroni zer 32033 generates the video stream decodi ng
start 25 signal St89 when the STC and DTS nat ch.
-187- If the synchronization control signal fromthe
synchroni zat3 orerc ord rabt £inS203Y specatt esganh®©FFDTS from the
synghroni zatj on node, .the video decoder synchroni zer

%%ﬁg?SnFP?tSdPﬁﬁﬁktFH% GPHESSEPPQéHSdéEHH?nbmmealatEIY
He¥drsi gRal VoSt 8Qandbys, +d1e iy den.decpder Rerat €S he time
|ndependently of external control, and is controlled
Bphimest il Swat@TSnformation. |f the synchronization
control sigpnal; frg nehr.ani r
32032 speC|f|e§Iagﬂ%§Fﬁﬁ syncH?anggéiquﬁg%épai¥F’ which is
Sifeyy fotae erset.oder synchronlzer 32034 generates the
3%g?ﬁ%ﬁ$ure st,r eam decodi start sjgnal _St91 based

SHEFA iR e ST T RTPOSITR" afH t he

decodi ng tmﬁ%éﬁdﬁﬂJQQB%éﬁﬁeﬂﬂfﬁél&Kh58¥kdnfaﬂﬂéér 2900 shown
Q%F%%észs is described according to the present invention
with reference to Fig. 41 below. As shown in Fig. 41, the
synchronizer 2900 comprises a system clock STC generator
32030, PT$/DTS extractor 32031, synchronization controller
32032, video decoder synchronizer 32033, sub-picture deccder
synchronizer 32034, audioc decoder synchronizer 32035, and
system decoder synchronizer 32036. The STC generator
32030 generates the system clock for each decoder, and
supplies the synchronization system clock STC to the video
decoder synchronizer 32033, sub-picture decoder synchronizer
32034, audio decoder synchronizer 32035, and system decoder
synchronizer 32036. The STC generator 32030 is a counter that
operates at thé system clock. The SCR from the first pack in
the first VOB in the program chain PGC is set as the initial
counter value, and is thereafter incremented based on the
system clock. Note that the initial STC counter value may be

reget to the APTS or VPTS wvalue.
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supplied fromthe PTS/ DTS extractor 32031. Mre

specifically, 15 the sub-picture decoder synchroni zer

32034 generates the sub- picture stream decodi ng start

signal St91 when the STC and DIS match. If the

synchroni zation control signal fromthe

synchroni zati on controll er 32032 specifies an OFF 20
synchroni zati on node, the sub-picture decoder

synchroni zer 32034 constantly outputs the sub-picture

stream decodi ng start signal St91. Thus, the

sub- pi cture decoder operat 85 =i ndependent |y of

external control, and is controlled by internal state
information. - 188 |If the synchronization contro

signal fromthe synchronization controller 32032

specifies an ON synchronization node, the audio

decoder synBhtbnitzer 32085 agenerades theratd oaxer ggmroduced
decodi ng start _signal St93 based 5 on the STC from_t
SR EBR o3 T P T G (e R ads DR eretors
ffssinréi ngoaudiL Aacath NG Siuppl | ed frem e rdPkSYDTSoy  the
extractor 32031. More specifically, the audio decoder
SARHPORR R O35 ifefdfat 849t Accdtrlte Ftrdamaiet odidey cutput

nggék ﬁf@@@éi§%93 WHQH Eﬁfssggégfg%éﬁéh”@LEQr ggcbﬁes great,

t he synchroni zati on control sign romthe
Syrehreapzatior cemodsld éuB3RO3P wspechbei desgro@RR (by a data

synchroni zati on nod t he audi o decoder _synchr,oni zer.. .
B0 L e CAnt Py ot Rt SRS audi DRSET E3RT dedii Reriodically
Sefdt Sighadthe St en BU1ScK Becarsli thdorade syoReraiSsed to the

i ndependent |y of ]
audioc output clock, for example, APTS - STC error accumulation
can be prevented, and the audio can be reproduced without
interruption. In this case, video synchronization is
controlled by skipping or freezing video output.

This type of synchronization control is defined as
Audio Master synchronization control.

On the other hand, by periodically resetting the
system clock STC to the VPTS synchronized to the video output
clock, VPTS - STC error accumulation can be prevented, and the
video can be seamlessly reproduced. In this case, audio
synchronization is controlled by skipping or pausing audio
cutput.

This type of synchronization control is defined as
Video Master synchronization control.

In the following description of synchronization

control, an ON synchronization mode refers to STC-referenced

synchronization control, either Audio or Video Master. An OFF
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15 external control, and is controlled by interna

state information. The system decoder synchroni zer

32036 outputs the STC fromthe STC generator 32030 as

the systemclock St79. The systemclock St79 is used

to control pack transfers fromthe 20 stream buffers

to the system decoder. In other words, if the STC

val ue matches the SCR value in the pack, the pack data

is transferred fromthe streambuffer to the system
decoder. The structure and operation of the

synchroni zation control-l 6 32032 are descri bed bel ow

with reference to Fig. 25 42 and Fig. 43. 189- The
structure of the synchronization controller 32032 is

shown in Fig. 42. As shown in the figure, the
synchroni zati on controll er 32032 conpri ses an SCR
sohahgenideitedOma2040: ARES ehangelgrendedelftiiifonization
32041, VPTS 5 changing tine detector 32042, and
cepfERlodiS ftqtorrRRdeed sel &6t 8P 3F045yThE oBER3EHATydede the

a i §CL g ] e audioc an
dat 8ctoly 32040, SQSBQE%% and 3upnliqes, é%‘lxlg"\h/% %%R a d

synchroni zati on node sel ector 32043 an A
viHengeitdet edefbnedi gmamei ff e eSCR el smd | ant hdepasiespective

.header .10 in _the synchronization control data, St81 .
+HRARGRE £6 10T By KGeo Bartiy hd ShGR 6 D A1 ine stamp
vhiltuek faek @het Be r¥ERg, epnaduced idiatecomienl is applied to
seam essly connecting and reproducing two VOB, the
syephppedrepsihft 2¢gt berdasilidedet ected. Note that the

SCRd! s dngth_eset pi@ /Braen an Qg nal by ogant i gUeUS MB  the
I S I VI de I n
presentation time stamp PTS and decoding time stamp DTS from

the synchronization contrel data St8l1, and supplies the PTS
and DTS to the respective decoder synchronizers.

The synchronization controller 32032 generaﬁes the
synchronization control signal specifying an ON oxr OFF
synchronization mode for each of the decoder synchronizers.
This synchronization controller 32032 ig described in detail
below with reference to Fig. 42.

If the synchronization control signal £from the
synchronization controllexr 320322 specifies an ON
synchronization mode, the video decoder synchronizer 32033
generates the video stream decoding start signal St8% based
on the STC from the STC generator 32020 and the decoding time
stamp DTS for starting video decoding supplied from the
PTS/DTS extractor 32031. More specifically, the video decoder
synchronizer 32033 generates the video stream decoding start

signal St89 when the STC and DTS match.
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15 two, i.e., when the SCR is contiguous between two

VOB. Note, further, that while a 0 value is described

here, any val ue whereby the begi nning and end of each

VOB can be easily determ ned can be used. In the case

of parental |ock control, for exanple, 20 when a

single stream e.g., VOB #2, is reconnected to one of

pl ural possible scenes, e.g., VOB #1, fromthe

mul ti-scene period enabling parental |ock control,

each of the VOB in the nmulti-scene period may have a
different reproduction tiH¥,-and it is not possible

to assign the first SCR value in each 25 possible VOB

#2 to account for all possible connections. A 190

seanl ess can be achieved in such cases, however, by

setting the SCR of the first pack in VOB #2 to 0. The

APTS changifgthenesgetieed 0l 232044 GIMARS EhgnaAPTSrom the
in the synchronization control data StBl when the VOF
SENCRINGES AR t heF BT Tota er 32P%@ suppPrédiffom e OFF
s§£gh9%ﬁg&§EQQn32Q§ga§h9ﬂ@ %&dééldéQodJ%erLBﬁ;§I§zer 32033
counter exceeds the APTS, the APTS changing tine
cduttengiy3204dputgenehat esidel shpats tdeddiing start signal

chroni zatiqn node sel ector, 32043 an ACTI VE APT

SERZhgei Prhe datclioro] GREPIT0 RETE THAL THERRIGRELY of
entedatect chgethe ,APERhavher t hentVYOB1ehanges iisiternal state
.described belowwith reference to Fig. 43. The VPTS
12h8RGRAGRi me detector 32042 conpares the VPTS in the
synchroni zat '%C@%&{Qr%@agcﬁé whee bhe ¥iBhal from the
changes with the STC counter val ue supplied fromthe
s@rchronizaticon controller 32032 specifies an ON

synchronization meode, the sub-picture decoder syn;hronizer
32034 generates the sub-picture stream decoding start signal
St21 based on the STC from the STC generator 32030 and the
decoding time stamp DTS for starting sub-picture decoding
supplied from the PTS/DTS extractor 32031. More specifically,
the sub-picture decoder synchronizer 32034 generates the sub-
picture stream decoding start signal St91 when the STC and DTS
match. | '

If the synchronization control signal from the
synchronization controller 32032 specifies an OFF
synchronization mode, the sub-picture decoder synchronizer
32034 constantly ocutputs the sub-picture stream decoding start
signal St91,. Thus, the sub-picture decoder operates
independently of external control, and is controlled by

internal state information.
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15 generator 32030. When the STC counter exceeds the
VPTS, the VPTS changing tinme detector 32042 generates
and inputs to the synchronization node sel ector 32043
an ACTI VE VPTS change tinme detection signal. Note
that the nethod of detecting the VPTS when the 20 VOB
changes is described below wth reference to Fig. 43.
Based on the SCR change detection signal fromthe SCR
change detector 32040, the APTS change tine detection
signal fromthe APTS changing tine detector 32041, and
the VPTS change tine dets&+on signal fromthe VPTS
changing tine 25 detector 32042, the synchronization
node sel ector 32043 - 191 generates the
synchroni zati on node sel ection signals, and outputs
to the video decoder synchronizer 32033, sub-picture
decoder syncheqai 264,32034: ,audba dasades) SWIGH:AN 2ebm the
32035, and system decoder synchroni zer 32036. The STC
sypsarendizgtdlon 5 STEstislakso oBAPP2 t o FhecSiEss an ON
eneratar 32030. The r ectiyve deco S Lzer
S%@ﬁ ﬁﬁnl%£%ﬁ:%cﬁﬁ§%tig%%biﬁgé%mg?ﬁ%§é§s%2%?%%%%é%§%b32035
geheaat@¥ tENChEdIY zat tOAmNMAdecisngpechkteadigfalastCEF: based
synchroni zation node is specified, the STC i

t .. .
opsthef 5F CsPRERT bRFZSTFoReR 12 Eoht 7 673 A Rfes B¢ |fgFoding time

sehQye. pThe Qaper alklen 19ly theasyncdu QM Zat | gipmded from the
sel ector 32043 is described next wwth reference to
PrBgDIS3exArastoy #320430Mphe STe-ipHasdlyi ghaf BT jdecoder

SYRIRLASL AN AP Yo A3 IS TIQ WA P Mecihs stare

signal St92 when the STC and DTS match.

If the synchronization control signal from the
synchronization controller 32032 specifies an OFF
synchronization mode, the audio decoder synchronize# 32035
constantly outputs the audio stream decoding start signal
St93. Thus, the audio decoder operates independently of
external contreol, and is controlled by internal state
information.

The system decoder synchronizer 32036 outputs the
STC from the STC generator 32030 as the system clock St79. The
system clock St79 is used to contxol pack transfers from the
stream buffers to the system decoder. In other words, if the
STC value matches the SCR value in the pack, the pack data is
transferred from the stream buffer to the system decoder.

The structure and operation of the synchronization
controller 32032 are described below with reference to Fig.

42 and Fig. 43.
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15 procedure noves to step #320431. if the STC update
signal STCs is ACTIVE, the STC generator 32030 sets a
new SCR fromthe synchronization control data St81 as
the initial value, and updates the STC. At step
#320431 t he synchroni zati on node sel ector 20 32043
out puts a synchroni zati on node sel ecti on 'signha

speci fying an ON synchroni zati on node to the decoder
synchroni zers 32033, 32034, 32035, and 32036. The
procedure then noves to_sksp #320432. At step #320432
the procedure noves to stép #320433 25 if the SCR
change detector 32040 detects that the SCR has - 192
changed. If an SCR change is not detected, this step
Is repeated until an SCR change is detected. As a
result, an ON synchronization node continues to be

output to The @EcCOFirssyAEnridit zErEcRS I GG dSLT hFentrolliex

SIOPs XSCULRSm S1AL SIEp #320433. gﬁowcm Ophzatifire, the
node sel ector 32043 outputs a synchroni zati on node
sSeldutewiz st mal copeciflybdmng 3an3FFceynchseal zat i BFR  change

de to t coder.___synchroni zers, 32033, 32034, R
R O e R i rnaPe i MEFST IR sPggel, VETS
RS Thide St@p-dbtsr Tednsat hatatde dfhchronization mode
synchroni zation node is OFF fromthe tine Tl the VOB

RRP4Hg pack transfer. If both the APTS

changi ng t4e et sag%e%%é&céag 32\6%To‘5tg%b1%@%%% bhfsupplies
detector 32042 detect "a changed tine al step #320434,

tsonthel dwopsrdraiciatt ot epdi#320:iB38-tand3tiee3 an ACTIVE SCR

change detection signal if the SCR wvalue in the pack header
in the synchronization control data St81 changes to 0. By thus
setting the SCR to 0 in the first pack of the VOB reproduced
later when seamlessly connecting and reproducing'two VOB, the
VOE break point can be easily detected. Note that the SCR is
not set to 0 when an originally contiguous VOB is divided in
two, i.e., when the SCR is contiguous between two VOB.

Note, further, that while a 0 wvalue is described
here, any value whereby the beginning and end of each VOB can
be eagily determined can be used.

In the case of parental lock contrel, for example,
when a single stream, e.g., VOB #2, is reconnected to one of
plural possible scenes, e.g., VOB #1, from the multi-scene
periocd enabling parental iock contxrol, each of the VOB in the
multi-scene period may have a different reproduction time, and
it is not possible to assign the first SCR value in each

possible VOB #2 to account for all possible connections. A
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15 synchroni zation node is set ON again at step
#320431. However, if a changed tine is not detected,
step #320434 repeats until both the APTS and VPTS are
detected to change. This step thus neans that the
decoder synchroni zers continue operating in an OFF
synchroni zati on node. 20 Synchroni zati on control at
the start of normal reproduction, i.e., at a VOB
start wi thout contiguous reproduction froma
preceding VOB, is describe H,next with reference to
Fig. 44. Fig. 44 shows the re1at|onsh|p bet ween t he
system 25 clock reference SCR indicating the tine a
VOB is input to the - 193 system decoder data, the
audi o playback starting time information APTS, the
decoder reference clock STC, and the video playback

. SEAMIARS 193 WP hieTef ehtetUrh FRRESShOMYSVRT t Ry setting

hori zond als s é@é&ggtecﬂw% xps esseg in terms of

5 the presentation st tine P on the vertica
aX| s. The pGientarats wih=ciy itrize dunrstdeﬁ(él%ucrrtmmdr&o@res the
rst SCR i s not

'ﬁ&'r“ﬁ&mr%@? oaéﬁe?%ﬂnﬁga;:égan@amr—rr&h ki %EF% gpeg =he VOB

¥ERBnafdLrwach SREC abrd epbaduetd ahimdesupbbeieantfOdm the sTC
procedure is the sane. 10 The tinmes between i nput and

QﬁPﬁmﬁQﬁrtﬁ%oéﬂdﬁ§Q%&al%n€Aﬁde%l datWhen the STC counter
= v c c r
ESeRedd vehy. A;orf Tc%ﬁ@%ecausr@%gge R4Ek Srecter 32041

expressed as Drla . d < DTvd, and
dam&naxesWﬁmmdedpataﬁmbVEBeb@ynuhﬂqpuzﬁqﬂqnmsddeoselector

L84l T hloglstee ERIOMCED, Q) U dse.dale LagRrpsen

Note that the method of detecting the APTS when the
VOB changes is described below with reference to Fig. 43.

The VPTS changing time detector 32042 compares the
VEPTS in the synchronization control data 3St81 when Ehe VOB
changes with the STC counter value supplied from the STC
generator 32030. When the STC counter exceeds the VPTS, the
VPTS changing time detector 32042 generates and inputs to the
synchronization mode selector 22043 an ACTIVE VPTS change time
detection signal.

Note that the method of detecting the VPTS when the
VOB changes is described below with reference to Fig. 43.

Based on the SCR change detection signal £from the
SCR change detector 320&0, the APTS change time datection
signal from the APTS changing time detector 32041, and the
VPTS change time detection signal from the VPTS changing time

detector 32042, the synchronization mode selector 32043
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15 start, and the audio data is recorded at point D
after a delay of DTvd - DTad. Synchronization is
controlled at this point as described bel ow. Video
and audio output is first stopped, the SCR value from
the pack at point Ais set to the STC generator 20
32030, and the STC generator 32030 operates an

internal counter at the system clock and outputs the
system clock STC. Transfer of the first pack in the
VOB to the system decoder 500 starts at the sane
time. The followi ng packs™are transferred at the SCR
recorded in the pack header of each - 194 pack
referenced to the system cl ock STC produced by the STC
generator 32030. The first video data is then decoded,
and video output starts at point F when the STC
TRAPUR L FF ofbeheSSTE T T fenket @b 0MeBE030= hafERES tHegnals, and

c]cdtrﬁ.{t Q/PJ§ Eﬁt@%ée#déyqﬁ@cgyé:pu%yﬁ&éém%‘fl Y2033 R dsub—picture

controll ed: Irst audio data Is decoded, an
Sruchdoe 10 hyputhistrairdess @2 0gai ntuBict Hecodereaynwhenntiker 32035,

STC output fromthe ST ener at or. 32030 _. ma es th .
P S E dRs By R s G200 anTBE PRa Spapfe signal
safed hes \ABsd haist pbe ot HSehd heTaugdi R ARPTS-vabueol. s

periodically set to the STC generator 32030 to
control syHthr oFEFREFSAVENdeteIRARD MEFPERTOFE 2FTFeo control

SYRRh Al LNy TA20Pt 000 O SXREIN 2hBUiSeaflessy an ox
reproduction 15 of two VOB IS scri bed next. The
sgetcdutargie getdrodnagie tihe gERified. If an OFF synchronization
mode is specified, the 8TC is not used for synchronization
control as described above.

The operation of the synchronization mode selector
320423 is descriked next with reference to Fig. 43.

At step #320430 the STC update signal STCs is
generated and output to the STC generator 32030, and the
procedure moves to step #320421. If the STC update signal STCs
is ACTIVE, the STC generator 32030 sets a new SCR from the
synchronization control data St81 as the initial wvalue, and
updates the STC.

At step #320431 the synchronization mode selector
32043 ocutputs a synchronization mode selection signal
specifying an ON synchronization mode to the decoder
synchronizers 32033, 32054, 32035, and 3203¢. The procedure
then moves to step #320432.

At step #320432 the procedure moves to step #320433

if the SCR change detector 32040 detects that the SCR has
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change detector 32040, APTS changing tine detector

32041, and VPTS changing tine detector 32042 in Fig.

42 is particularly described with reference to Fig.

45. Fig. 45 shows the relationship between the

recording 20 positions and values of SCR, APTS, and

VPTS when VOB #1 and VOB #2 are seam essly

reproduced. Why the synchroni zati on node of the

decoder synchroni zers nmust be switched ON and OFF to

achi eve sean ess reproductjon is described first.

Point Gis the time at whith the pack being 25

transferred changes fromVGCS #1 to VOB #2, His the

time the - 195 audi o out put changes, and | is the tine

the video output changes. Because the audi o out put

and video output thus change at different tines,

DARERDni Z&t iDh E6Rt roharamndts beoackesesdedusi hjig step is
i e cl.oc TC . 1t _is_therefore necess

o o st s ST LT Pt L e Sy i g =n o

shvite-hperi 00 fsonrphen e 19CR changes atcblpe t6 tithe decoder

when both the APTS and VPTS have changed at tinme I.

SEFEY BHLITThS APIZ Ay VYBTS AssR *FangedSat time I,

synchroni zal | 90e60ps 5043 YSLRL W8 c12LGil-% 30 Mode selector
possi bl e and necessary. 10 The nethod of detecting the

32i0M3ng Atk eh asyarhrbrPracrbAcoonmogle | sssiappest signal

. E.:, the chr.oni,.zati on gmde i urn [

SpsBrelE If GEC AR DR fodd N T Gecoder

syyretivconiizzats @romTle 2so3tur eedasOFEnds 3altEs .nerthd rmmdcedure
he SCRtine chart in Fig. 45. VOB 15 #1 is being

£ YT t AR SrSPerfiWexbUer ThiFe stFe SR alGE™s that the

synchronization mode is OFF from the time T1 the VOB changed
during pack transfer.

If both the APTS changing time detector 32041 and
VPTS changing time detector 32042 detect a changed Eime at
step #320434, control loops back to step #320430, and the
éynchronization mode is set ON again at step #320431. However,
if a changed time is not detected, step #320434 repeats until
both the APTS and VPTS are detected to change. This step thus
means that the decoder synchronizers continue operating in an
OFF synchronization mode.

Synchronization contrel at the start of normal
reproduction, i.e., at a VOB start without contiguous
reproduction from a precéding VOB, is described next with
reference to Fig. 44.

Fig. 44 shows the relationship between the system

clock reference SCR indicating the time a VOB is input to the
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i ncreases, and SCR becones 0 only at time G i.e.

when VOS #1 transfer stops and VOB #2 transfer

begins. Therefore, by detecting the tinme at which the
SCR val ue beconmes 0, it is known that VOB #2 is being
i nput to the system decoder, and 20 the

synchroni zation node is therefore set OFF at this tine
Tg. It is also possible to detect that the SCRis 0
when the value is witten to the streambuffer. The
synchroni zati on node can _al so be set OFF when a 0 SCR
value is detected witteA?®o the streambuffer. - 196
The tim ng at which synchroni zation control begins,
i.e., when the synchronization node is turned from OFF
to ON, is described next. To start synchronization
control it is necessary to 5 know when both the audio
ek s dedeoodput Have, swiheheguditomp dPo#dkt osVOBL #R2g time

The nmonment t he ,audj o out put changes t VOB _#2
o R B o (ARF T pot I VST GAPEN (s, and the
AR YPA8aSk0pGakBERBASH ARG VIHITKEWSE e At d®WMBtt ime shown
when the video output changes to VOB #2 can be known

By et RTIPRIRL (BFPE MOFR e WREIPT IREVPTS ¥l tR terms of
HORS-d 0L eAS] Y- s AL L5 POL hp Bpi Sth£f@Q9%lcQ§Y§xis.

appeared, the synchronization node 1s imedi ately set
ON at ti neTHg .pdivet tdtmwigct bl cirishessynéhr bhezdbBons © is
nod al so be delayed to a tine betgﬁen

poin i%.segf- ﬁec-agir i t., Oy, . normail
time T§ an tIEE Ti **T9% rAthert h&ftat °ti nB Sy wh

SR OIIBYe15S XL r &Y okl IiBdINE of a VOB after a
synchroni zati on node OFF at tine Th, i.e., the

special reproduction mode, the control procedure is the same.
The times between input and output of the audio data and videco
data, respectively, to and from the system decoder are
expressed as DTad and DTvd. Because DTad « DTvd, and data is

recorded at the VOB beginning referenced to the time it is

" reproduced, only video data is present at point C at the VOB

start, and the audioc data is recorded at point D after a delay
of DTvd - DTad.

Synchronization is controlled at this point as
described below. Video and audio output is first stopped, the
SCR value from the pack at point A is set to the STC generator
32030, and the STC generator 32030 operates an internal
counter at the system clock and outputs the system clock STC.
Transfer of the first pack in the VOB to the system decoder
2500 starts at the same time. The following packs are

transferred at the SCR recorded in the pack header of each
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time at which a change in APTS or VPTS is detected,
between Tg and Ti, the duration of the OFF
synchroni zati on node can be shortened. 20 However,
when the timng is based on detecting whether both
APTS and VPTS val ues continue increasing, it is clear
that both APTS and VPTS val ues nust decrease when VOB
are connected. In other words, the |ast APTS and VPTS
values in a VOB nust be greater than the maxi num
initial APTS and 25 VPTS values in a VOB. - 197 The
maxi muminitial (DTad and1®vd) APTS and VPTS val ues
are defined as follows. The initial APTS and VPTS

val ues are the suns of the video data and audi o data
storage tines in the video and audio 5 buffers, and
the video reordering tinme (in MPEG video, the picture
reedode: Dedencadde pr esenkakicem arlderk am Ntoduced by the STC
necessarily the sane, and presentation is delayed a
TSGR T ot PP cture fromthe decoder) . Therefore,

the sum ofriderti-ge MH redefon d hehvh depbufler and videc
audi o buffer to fill, and 10 the presentation delay (1

M@Te pRERBEY AtomcArdecE r wbrdertihe, STdecurphfiende the STC

gﬁélr@@gw val ;jjers for TS an TS, As a result,
the | ast anc v%?%gglfﬁgag vg%gealmays

assi gned tmudixeeedtibhesei smshimilaivi | @bntvabLESd: WRETe first

tgﬁtvgg are produced. 15 Wile it is possible to
UG GRS Phe St FRFAGSEr FRF AT PRI R R ifnPRdde Es the

mbtenid NQHeON did | WA VR €0HIRAL | PHe sTC generator 32030
matches the £first APTS value.

After reproduction of the start of the VOB thus
begins, the audio APTS value is periodically set to the 8TC
generator 32030 to control synchronization under Audioc Master
or Videc Master control.

The method of synchronizing seamless reproduction
of two VOB is described next. The detection method of the SCR
change detector 32040, APTS changing time detector 32041, and
VPTS changing time detector 32042 in Fig. 42 is particularly
described with reference to Fig. 45.

Fig. 45 shows the relationship between the recording
positions and values of SCR, APTS, and VPTS when VOB #1 and
VOB #2 are seamlessly'reprqduced. Why the synchronization mode
of the decoder synchronizers must be switched ON and OFF to
achieve seamless reproduction is described first.

Point G is the time at which the pack keing

transferred changes from VOB #1 to VOB #2, H is the time the
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by detecting whether both APTS and VPTS val ues

continue increasing, it is also possible to achieve

the sane synchronization control by detecting the

time at which the 20 APTS val ue drops bel ow an APTS

t hreshol d val ue, and the VPTS val ue drops bel ow an

VPTS t hreshol d val ue. These APTS and VPTS threshold

val ues can be cal culated by using val ues equal to the

maxi muminitial APTS and VPTS val ues of the VOB as

the threshold values, and 25 cal culating them as

descri bed above. - 198 By23ppl yi ng OV OFF

synchroni zati on node control as described above,

seanl ess reproduction that does not disturb the

pl ayback condition can be achieved in VOB connecti ons.

Note that various nethods can be used in the 5

aeprodvotpon appargtws bord audis ame vites the video output
nchroni zati on ontrql. in the second, enbodi nent

PRI T Bod AP "o 2HESP CLERHEIETE (HRS THtHous s chanse

dtS A 088t tRR8YSEPRLRLORKz2E Cont Cod PL- ARSI ¥R achieved
every few seconds, determ ne whether the VPTS val ue

USRSt oniowvisstas elesk §FG-hdtsfst EBRPEPSERSSTESSEFTY to
e l: 1,020 a sgaLry. I :
g, e ggﬁqglé%%%la\g T 8859%%%034%%996 ERLY sg BudsSing the

t he so- ster ne escri bed above.
pAitigydaf rarel whent the abBocpesgiell et 2)inte0 G esetwhém both the

em cl.ock STC to.the VPTS val ue _every few seconds
AR K PRSE GREPRPTS ATalqae € f REL5r PP Guihe APTS and
veafehareednibgha Lber SySteMLIRek caliGa @t HeRR4@10Using the
skip audi o output as necessary. This is the so-called

SFUeS MFter RrRAITL ¢lcard i Be@gessary.
The method of detecting the timing at which

synchronization control is stopped, i.e., when the
synchronization mode is turned OFF, is described next.

The timing at which the synchronization mode is
turned OFF is obtained from the SCR time chart in Fig. 45. VOB
#1 is kbeing output to thé system decoder while the SCR value
increases, and SCR becomes ¢ only at time G, i.e., when VOB
#1 transfer stops and VOB #2 transfer begins. Therefore, by
detecting the time at which the SCR wvalue becomes 0, it is
known that VOB #2 is being input to the system decoder, and
the synchronization mode is therefore set OFF at this time Tg.

It is also possible to detect that the SCR is 0 when
the value is written to the stream buffer. The synchronization
mode can also be set OFF when a 0 SCR value is detected

written to the stream buffer.
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above. Another nethod (3) is to directly conpare the
APTS and VPTS val ues, and use either the APTS or VPTS
value for 20 reference. Regardl ess of which nethod is
used for OV OFF synchroni zati on node control,

however, the same effect can be achieved. As

descri bed above, two nethods are used for audio- 25

vi deo synchroni zati on according to the present

enbodi nent, - 199 Audio Master and Vi deo Master
synchroni zation control. Fgr Audio Mster
synchroni zati on contr ol fﬂ§6§ysten1clock STC is
periodically reset to the APTS val ue, whether the VPTS
value is earlier or later is determned referenced to
the reset 5 systemclock STC, and the video
presentation is frozen or skipped as necessary for
synchroni ZBer¢ onimfey af déd dVastreichreoydeitdrrz aphsnol begins,

cantr stem,clock STCis ri.qdi I e 0
lt'heg' V%L%Ibvgi%é/e,st}%%ﬁ%%?%%l %\rb'l%pc\sealluse tlg‘lgj nggr Ifi&g?n E)F "o o,
ilsatdrsdsildet eiektied referenced to the reset system

clock STC, 10 and the audi o, presentation _is paused or

ski pped as™ PSS HHORYFRAF ORI ARTSH At FPsPEF§FATY tO

KRSS Wl 1ol 1eed | Yu&P9PRLE 1 B8 ABT S, @0 n P Sswitched from
val ues, and control synchronization referenced to

VEIR Her tch&ORPTS .o hePTemeaitueheReghedhBdsooput pF chbanges to
e
vRelltehestms €, inbreestihe . abavewaskodirt@ninorteaie Ween the video
output changes to VOB #2 can be known by detecting the point
I at which the VPTS value stops increasing. After both points
H and T have appeared, the synchronization mode is immediately
set ON at time Ti.

The timing at which the gynchronization modé is set
OFF can also be delayed to a time between time Tg and time Ti,
rather than at time Tg when an SCR change is detected. By
setting the synchronization mode OFF at time Th, i.e., the
time at which a change in APTS or VPTS is detected, between
Tg and Ti, the duration of the OFF synchronization mode can
be shortened.

However, when the timing is based on detecting
whether both APTS and VPTS values continue increasing, it is
clear that both APTS and.VPTS values must decrease when VOB
are connected. In other words, the last APTS and VPTS values
in a VOB must be greater than the maximum initial APTS and

VPTS wvalues in a VOB.
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descri bed using an initial VOB SCR value of 0, a value
other than O can be used and the sane contro

achi eved by adding the first SCR val ue as an of fset
value to the APTS and VPTS 20 values. It is also
possible in the second enbodi nent above to read the
STC discontinuity flag STCDCF reg, which specifies
whet her the next cell reproduced needs the STC to be
reset. |If the register reads STC NRESET, the
synchroni zation node is -200- constantly ON; if

STC RESET is stored, ON/O¢?7§ynchronization node
control can be applied. It is thus possible to decode
the data transferred to the stream buffer 2400 while
synchroni zing the operation 5 of the various
decoders. It is therefore possible by neans of the
present i Brenmreamiiudndéserdi beiracd amd nPEA) APTS and VPTS

égfﬁggog'éa&gggng tween l&he audi o and vi deo data, and
eSSII: % as Q ow

sea y connect and reproguCe two VOB during
repr oduct i Dhef 1100 Ba MARTS SERNE& RS radueveardlcmbedums of the
there is no continuity between the system cl ock

Teler it 2R3TG prasentapraAet FHESst iy iAgu&ed audio

Nﬁ@;@ef@[ aS¥MNeR0Nn} Zald %&P@éf?ﬁgogihge MCB b&@:_-:‘@evideo, the
contiguously reproduced. Industrial Applicability 15

Pischerapparentef r omcemetdwd andeannspparat ugrder are not
R
agrec @iithgre from the decoder) . Therefore, the sum of the time
reguired feor the wvideo buffer and audic buffer to £ill, and
the presentation delay (1 frame pericd) from video reordering,
determines the maximum initial wvalues for APTS and VPTS.

As a result, the last APTS and VPTS values in a VOB
are always assigned to exceed these maximum initial.values
when the VOB are produced.

While it is possible to control the timing at which
the synchronization mode is turned ON following VOB connection
by detecting whether both APTS and VPTS values continue
increasing, it is also possible to achieve the same
synchronization control by detecting the time at which the
APTS value drops below an APTS threshold value, and the VPTS
value drops below an VPTS threshold value.

These APTS an& VPTS threshold values can be
calculated by using values equal to the maximum initial APTS
and VPTS values of the VOB as the threshold wvalues, and

calculating them as described above.



10

15

20

25

medi um and reproduce the recorded bitstreamtherefrom
is suitable for the application of an authoring
system whi ch can 20 generate a newtitle by editing a
title constructed by bitstreans carrying various
information in accordance with the wuser's request,
and is also suitable for a Digital Video Di sk System
or DVD System bei ng devel oped recently. 201 CLAI MV5:

1. A machine readable optical disc conprising: a
first area containing at | east one cell; a second area
contai ning at |east one tdP%- and a managenent

i nformati on area operable to record managenent
information; wherein a cell contains one or nore

vi deo object units; and the managenent information
contains information operable to indicate, when said
opti cal diBg appleadgbyNAORBCHyMeEhrahictdetormydé @ontrol as

econd cell., which is a specifi cell in the second _.
SRS 1250 pr caeht S0 Sosr edarS o (U bRt AT ot e
tofe pAdyisdcieetdnaibbehcis BeSpeRidyEacehl vdh tBBnections.

first area, location information of a first video )
obj ect unilfet® n i s&esieucel methpds| ottt i ¢ wsed in the

ﬂéggyaﬁgéfghongaLQ§LsV¥%?)é&&f?taggihihgotgﬁnﬁﬁgp ization
cell. 2. A reproduction apparatus for reproducing an
copttircal i stheomtaiondEnisodinsit afes-cipgdi aAbngeat The most

| east o ell, a second area containing_at | east one
SREFP™ nd HE TR DRI (nf orfek if el Fop AR GOk STC
tbecel ARNageaRae oudfz§f NBdw OBecdhl8s 81 BeBefRihe whether the
contains one or nore video object units, and the

VRdfagemeft 1Fnf 3F Fed T ot womedfiarencadstodahe pEFem|eLeds STC,
ah&dh‘fgﬁkge\’\@ﬁ BRE 0L 5 BRL guaﬁggogg rg%]a%ﬁs e' Chilfs &g the so-

specific ce In"the second area, presented

cgeéadride dsidi caMaart epr esentical i drsofilsed igkstvecel |, which
is a specific cell,in the first__area,

. S Alterns iée . : IOfation {

i nfor mat i o OF & F1YSY vitded SoBERPURTIPR tHe SRAGRFT the
sgekkm adllock STC te the VPTS wvalue every few seconds,
determine whether the APTS value is fast or slow referenced
to the system clock STC, and freeze or skip audio ocutput as
necessary. This is the so-called Videoc Master method described
above.

Another method (3) is to directly compare the APTS
and VPTS values, and use either the APTS or VPTS value for
reference.

Regardless of which method is used foxr ON/OFF
synchronization mode control, however, the same effect can be
achieved.

As described above, two methods are used for audio-

video synchronization according to the present embodiment,
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| ocation information of a | ast video object unit in
the second cell, said reproduction apparatus
conprising: a reading arrangenent operable to read the
managenent information and the first and second cells
fromthe optical disc; and a determ ning arrangenent
operable to determ ne, based on the first data,
whet her or not to present the second cell seanl essly
after presentation of the first cell. 202 3. A
reproducti on net hod for roduci ng an optical disc
containing: a first area- és ft-ai ning at | east one cell
a second area containing at |east one cell, and a
managenent information area operable to record
managenent information, wherein a cell contains one
or nore video object units, and the nanagenent
Amﬁtmnﬁﬁb@ﬁrcenthrwsdé¢r&hsdatasmmahﬂdnidarﬂqmﬁcamErol For
not. a . second ¢ whi c

r Or
AR e P Sl e SRt FoBE-f okBnr adoTam Slook sTC 1s

@mﬂ@s&ylﬁffeﬁepreseahat rpRsObautl rohe€8EL, B ¢hTs value
is a ;ge0|f|c cell inthe first area, |ocation
Thf SR FmE PN BT B FFF st Svithieobinast wpferencefle Ssecomrl reset

S8ldern 208 0Gat on, ch %gawdl p}?,@eé&%&aﬂgso Qi cen or

unit in the second c sai oducti on met
gomEe s 0gy: n¢@aasﬂgythernawageuenuzamﬁomnauRmreﬂmﬂéheMaster
fir t and second cells. from ' di sc;

s ronlzatl the optiS A
determ i g, - Pased ot h%h?|?%?t"d‘%t%\l,o‘%ﬁeﬁ%%rl%rp‘?ﬁ)’(‘:’dlcany
e it eseitthel h@TSeCANGe , COhlkrs@aNtasSh¥TAIV81Iue is earlier or
presentatlon of the first cel

ater is determined referenced to the reset system clock STC,
and the audio presentation is paused or skipped as necessary
for synchronization. It is also possible to directly compare
the APTS. and VPTS wvalues, and controcl synchronization
referenced to either the APTS or VPTS value. Regardless of
which methed is used for AV synchronization control, however,
the same effects can be obtained.

Furthermore, while the above embodiments have been
described using an initial VOB SCR value of 0, a value other
than 0 can be used and the same control achieved by adding the
first SCR wvalue as an offset value to the APTS and VPTS
values.

_It is also possible in the second embodiment above
to read the STC discontinuity flag STCDCF_reg, which specifies

whether the next cell reproduced needs the STC to be reset.

If the register reads STC_NRESET, the synchronization mode is
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constantly ON; if STC_RESET is stored, ON/OFF synchronization
mode contrel can be applied. ’

It is thus possible to deccde the data transferred
to the stream buffer 2400 while synchronizing the operation
of the wvarious decoders.

It is therefore possible by means of the present
invention thus described to maintain synchrcnization between
the audio and video data, and seamlessly connect and reproduce
two VOB during reproduction from a multi-scene period even
when there is no continuity between the systeﬁ clock reference
SCR and presentation time stamp PTS <values used for
synchronization control of -the VOB to be contiguously

reproduced.

Industrial Applicability

As 1is apparent from a method and an apparatus
according to the present invention for interleaving a
bitstream to record the interleaved bitstream to a recording
medium and reproduce the recorded bitstream therefrom is
suitable for the application of an authoring system which can
generate a new title by editing a title constructed by
bitstreams carrying'farious information in accordance with the
usex’s request, and is also suitable for a Digital Videc Disk

System, or DVD System being developed recently.
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CLAIMS:

1. A machine readable optical disc comprising:

a first area containing at least one cell;

a second area containing at least one cell; and

a management information area operable to record management information;

wherein a cell contains one or more video object units; and

the management information contains information operable to indicate, when
said optical disc is read by a machine, whether or not a second cell, which is a specific
cell in the second area, shall be presented seamlessly after presentation of a first cell,
which is a specific cell in the first area, location information of a first video object unit

in the second cell, and location information of a last video object unit in the second cell.

2. A reproduction apparatus for reproducing an optical disc containing:

a first area containing at least one cell, a second area containing at least one cell,
and a management information area operable to record management
information, wherein a cell contains one or more video object units, and the
management information contains first data operable to indicate whether or not a
second cell, which is a specific cell in the second area, shall be presented
seamlessly after presentation of a first cell, which is a specific cell in the first
area, location information of a first video object unit in the second cell, and
location information of a last video object unit in the second cell, said
reproduction apparatus comprising:

a reading arrangement operable to read the management information and
the first and second cells from the optical disc; and

a determining arrangement operable to determine, based on the first data,

whether or not to present the second cell seamlessly after presentation of the

first cell.
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A reproduction method for reproducing an optical disc containing:
a first area containing at least one cell, a second area containing at least one cell,
and a management information area operable to record management
information, wherein a cell contains one or more video object unmits, and the
management information contains first data operable to indicate whether or not a
second cell, which is a specific cell in the second area, shall be presented
seamlessly after presentation of a first cell, which is a specific cell in the first
area, location information of a first video object unit in the second cell, and
location information of a last video object unit in the second cell, said
reproduction method comprising:

reading the management information and the first and second cells from
the optical disc; and

determining, based on the first data, whether or not to present the second

cell seamlessly after presentation of the first cell.




