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s AND REPRO DUCTION METHOD

' TITLE OF ‘THE INVENTION

OPTICAL DISC  REPRODUCTION nvacﬁvagxcn CAN ACHIEVE

A DYNAMIC SWITCHING OF THE REPRODUCED CONTENT
YA ] “
. 44 770/2 ¢ p
BACKGROUND OF THE INVENTION | <

1. Field of the Invention

! .
The present invention relates to an optical disc for

storing multimedia data which includes digital moving
picture data, audio data and sub—pictufe data and to a
reproduetion device for such disc and especially to a
technique for +the achievement of dynamie switching of the

reproduced content.

2. Related Art

In fecenf years, laser discs and video CDs have been
developed as optical storage media for storing multimedia
data with is a mixture of moving pictures,_ audio, sub-
pictures and the like.

The following is a simplified explanation of the data
format, used by conventional opticaln discs for ﬁoving
picture data and audio data which are compressed - according
to MPEG standard, by which the data called "system sf}eams"
are formed. o |

Fig..l is a drawing for explaining the way in which

compressed moving picture data and compressed audio data

make up these combined data streams called system streams.

In the drawing, "video elementary stream” is a one-

" dimensional video data stream which has been compressed,




10

15

20

25

with this video data stream being divided into.packeté which
are sevefal bytes long and these packets being numbered
"video 1", "video 2" .... in the drawing. Similarly, "audio
elementary stream" is divided into packets whichlare several
bytes long after the left and right éhannel data has been
combined during compression, with these packets - being

| :
numbered "audio 1", "audio 2" .... in the drawing. These

‘packets are interleaved in an suitable order for the buffer

size of the repfoduction device and for the reproduction
time so as.to give the system streams shown in the drawing.
The following is an explanation of the case when a video
CD to be used for karaoke is produced using such system
streams. \ |
For such a disc, a premise is supposed where the same
background video data is used While.one out of “duet",'"ﬁalé
part" or "female part".is reproduced; In this case, "duet"
reQu;res a system stream in which background video data, to
which subtitles for the lyrics of both the male and female
parts of the vocal have been added, and audio data, which is
only for the accompaniment, are interleaved. "Male part"
requires a system stream in which background video data, to
which subtitles for the lyrics of only the méle part'bf the
vocal have been added; and audio data, which is for the
accompaniment and includes a female vocal for the feﬁale
part, are interleaved. As can be imagined, the “fémale
part" is the opposite éf the male part.
' For a video CD, it-is necessary for these three data

compositions'to be stored as three different system streams.

2
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This is to say; it is necessary for the common background
video déta to be stored in each of the three sfstem streams.

Fig. 2 shows the system streams in the above situation.
In fhis'drawing, system stream 1 is for a duet and so is
méde up of an interleaving of the background video data, the .
audio data for the accompaniment and sub-picture data which
shows the lyrics fof.botﬂ the male and female parts. System
stream 2 is for the male part and so is made up of an
interleaving of the background video data, the audip data
for the female vocal as well as the accompaniment and sub-
picture data which shows the lyrics for only the male.part.

System stream 3 is for the female part aﬁd so is made up of

"an interleaving of the background video data, the audio data

for the male vocal as well as the accompaniment and sub-
picture data which shows the lyrics for only the female
part. Also, a menu system stream is used to display a menu
for selecting one of duet, male part and female paft, as
well as storing a menu information table which stores
information for which system stream is to be reproduced when
each of the reproduction system streams (duet, male part,
femaie part) has been selected. In this way, three separate
system streams ére stored on the video CD corresponding to
duet, male part and female part.

However, for conventional video CDs and video CD
reproduction devices,,there has been the problem that . after
the reproduction a system stream for any of the "duet”, the
"male part“ or the "female part" has started, it is not

possible to change to a different part without stépping the

3
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flow of the reproduction, which is to séy, without stopping
the video dataa

More specifically, for the same example of é karaoke
video CD, it has not been possible for a user who wishes to
switch to "duet" during the reproduction of'the "female
part" audio part to switch to the "duet" audio part. This
is because the sbngs coéresponding to "duet", "male:part"
and "female part" are expressed using separate system
streams. This is to say, the menu information table can
only be used at the start of reproduction of a system
stream, so that it is not possible to have reproduction
started at an address in the "duet" system stream which is
synchronized to a cur;ént reproduction addreés in the

"female pért" system stream.

Also, for such a video CD, it is necessary to store the

“main video data which is common to different system streams

in each system stream, which reduces the storage efficiency

of the disc.

SUMMARY OF THE INVENTION

‘The object of the present invention is to_provide an
optical disc which stores a plurality of sets of aqdio data.
and a plurality of sets of sub-picture data which are
interleaved with moving pictﬁre data for which the_audio

data and sub-picture data which are reproduced with moving

- picture data can be dynamically changed, as well a

v

reproduction device for such a disc.

" A secondary object of the present invention is provide

4
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an optical disc which has a data construction which can
effectively reproduce the content of video data %and a
reproduction device for such'diSC._

A multimedia optical disc for achieving the stated

objéct is a multimedia optical disc which includes a data

‘region fdr storing at least one object which includes.video

| _ ‘
data, audio data and sub-picture data, wherein the data

region is made up of a plurality of small regions, &herein
an object is stored in consecutive small regions and wherein
each small region includes a first subregion for storing a
set of video data of a certain reproduction peribd, a
plurality of second sub;egions which each store an set_of
audio data, wherein setg of audio data stéred in different
second subregions express different reproduction audio to
each other and each set of audio data .is datalfto be
reproduced at a same time as the set of video data in a
first subregion, a plurality of third subregions which each
store a set of sub-picture data, wherein sets of sub-
picture data stored in different third subregions express
different images to each other and each set of sub—g;qture
data is data to be reproduced at a same time as the set of
#ideo data in the first éubregion and a fourth subregion for
storing a set of contro; informatipn, wherein each set of
control information is valid for a reproduction period of

data in a same small region and wherein the control
information includes an indication to a reproduction device
for a combination of one set of audio data out of the secdnd

subregions and one set of sub-picture data out of the third



10

15

20

25

subfégidns wbich are to be reproduged together with the set
of video daté in the first subregion.

By means of the stated construction, the éontrol
information ih a small region is always read along with thé
video data, so that dynamic switching of the audio déta and
sub-picture data. can bg performed by the reproducfion
device, even during the'reproduction of an objegt. A user
can also switch to a desired combination"for the content of
a title. |

.Also, the multimedia optical disc may inclpde a
plurality of sectbrs which ére formed in a spiral track,
wherein each small region is made up of consecutive séctqrs
and wherein the video déta of the first subregion, the sets
of audio data in the second subregions, the sets of sub-
pidture data in the third subregions and the set of control
information in the fourth subregion are recorded on the
optidal disc using at least one sector each.

"By means of +the above construction, linear .réading
becomes possible for the reproduction devicet when
reproduciﬁg objects. Putting’ this another way, the
afofeméntioned combination can .be. ‘switched without
performing a head seek operation. '

Also, the multimedia optical disc may be formed of a

first transparent substrate and a second transparent

substrate of an approximately equal thickness of between 0.5
mm and 0.7mm which are joined together with at least one
information layer -between them, +the information layer

including the plurality of small regions.
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By means of the stated construction, a storage medium
with a large storage capacity may be used as the.multimedia
optical disc. '

Also, the control information stored in a fourth
subregion may be of a unit lenéth for storage by the
reproductioﬁ device.

By means of the stgted construction, the size of the
buffer in fhe reproduction device for storing the céntrql
information can be reduced.

Also, some sets of control information may includé flags
for prohibiting one of storage and updating of a set of
control information by the reproduction device.

By means of the staFed'construction, for a case where
control information with thé same content is to be set for

a plurality of consecutive small regions, 6nly the cbntrol

~information in the first of such small regions.needs to be

set, with the rest of the small regions merely havihg the
flag which prohibits updating set. By doing so, more
efficient use of the storage capacity of the optica} disc
can be made; | |

Also, during reproduction of a multiangle objecﬁ, the

control information may include an angle command for

indicating a change of angle to the reproduction device, a

| multiangle object being a plurality of objects which include

different sets of video data which are selectively
reproduced during a same reproduction period, wherein each
of the regions storing one of the objects in the multiangle

object may store a set of video data using a plurality of

7
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consgcutive first subregions, andlwherein the anglé.cbmmand
may“reflect an interactive process for thé reproduction
device and may be.a branch reproduction command from a small
region currentiy being reproduced to a small region of a
different object in the multiangle object, the angle command
indicating a branch to a small region Which has a Set.of
video data which is synéhronized to follow a set of video
data in the first subregion of the object from which the
branch is performed.

-By means of the stated construction, angle switchihg can
be éerformed during the reproduction of a multiangle object
without halting the reproduction.

Also, at least one ﬁet of sub-picture data in the third
subregion may include a plurality of display item images for
expressing a combination of a set of audio data in a second
subregion and a set of sub-picture data in a .third
subregion, and wherein the control information may include
a plurality of commands each of which is related to a
disé;ay item image, with one of the commands being seiected
andféxecuted in accordance with an interactive process for
the reproduction de&ice. .

By means 6f the stated construction, a user can easily
select their desired combination of audio data and sub-
picture data, even when there are a great number of
combinations of audio data and sub-picfure data.

A multimedia optical disc reproduction device for
échieving the stated object is a reproduction device for

reproducing a multimedia ' optical disc, wherein the
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multimedia optical disc includes a daté_region fbr sforing
af least one object which includes video data, audio data
and sub-picture data, wherein the data region is made up of
a plurality of small regions, wherein an object is stored
in consecutive small regions and wherein each small region
includes a first subregion for storing a set of video data
of a certain réproductgon period, a plurality of second'
subregions which each étore an set of audio data, whereinf
sets of audio data stored in different second subregions
express different reproduction audio to each other and each
set of audio data is data to be reproduced at a same time as

the set of video data in a first subregion, a plurality of

third subregions which each store a set of sub-picture;data,
wherein sets of sﬁb-picture data stored in different third
subregions express differentlimages to each other and each
set of sub-picture data is déta to be reproduced at a same
time as the set of video data in the first subregion and a
‘fourth subregion for étéring a set of control information,
wherein each set of control ihformation is wvalid :"for- a
reproduction period of data in a same small region and
wherein the control information includes an indicatioh to a
reprodudtion device for a.combination of one set of audio
data out of the. second subregions and oﬁé set of sub-
picture data out of the third subregions -which are to be
reproduced together with the set of video data in the first
Subregion, wherein the reprcduction device compriseé a
reading unit for consecutively réading data :frdm the

multimedia optical disc, a separating unit for separating a
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set of video data, a plurality of sets of audio déta, a

plurélity of sets of sub-picture data and a set of control

information from the read data, en audio selecting unit for

selecting one set of audio data from the separated plﬁ?ality
of sets of audio data, a sub-picture selecting unit for
selecting one set of sub-picture data from the separated
plurality of sets of suﬁ—picture data, a eontrol unit for
controlling the audio selecting unit and the sub-picture
selecting unit based on the set ef centrol information
separated by the separating unit'and an output processing
unit, for decoding the separatea set of wvideo data,.the
selected set of audio data and the selected set of sub-
picture data and outputting an image.signal and an audio
signal based on a decoding result.

By means of +the ‘stated construcfion, the control
information in a small region is always read along,wifh the
video data, so that dynamic switching of the audio data and
sub-picture data can be performed by the reproduction
device, even during the reproduction of an object.

Also, the control unit may include a buffer unit for
storing a set of control information which is updated;every
time a new set of control information iseseparated by the
separating unit and a selection control unit for controlling
a selection ﬁade by the audio selecting unit and the sub-
picture selecting unit to select a set ofiaudio daté?andia
set of sub-picture data which area indicated by a command in
the set of control information stored by the buffer unit.

" By means of the stated construcfion, the reproduction

10
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device is such that the control information in the buffer is
regularly updated, so that a buffer with only a small
capacity may be used.

Also, the control information may include a pluiality
of commands which each correspond to a combination of a set
of audio data in a second sub-region and a set of sub-

: _

picture data in a third sub-region, and 'wherein the

reproduction device may  further include  a operation

‘receiving unit for receiving a selection indication made by

a user operation relating to a combihation of a set of audio
data and a set of sub-picture data, whereih the seléction
control unit: spécifies the combination based on the
selection indication received by #he operation receiving
unit and controls the selection made by the audio selécting
unit and the sub-picture selecting unit in accordance with
a corresponding command. |

By means of the stated construction, a user can easily
select their desired combination of audio data and sub-
picture data, éven when there are a great numbér of
combinations of audib data and sub-picture data.

lAlso, a multiangle object may be stored iﬁ thé data
région of the multimedia optical disc, a multiangle object
being a plurality of objects which include different sets of
video data which are selectively reproduced during a same
reproduction period, wherein each'of_the regions storihg one
of the objects in the multiangle onect may store a set of
video data wusing a plurality of consecutive first

subregions, wherein the set of control information may

11
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further include an angle command; the angle command being a
braﬁch reproductidn indication which indicates a branch from
a small region to which the set of control infoﬁnation
belongs to a small region of a different obj_ect in the
multiangle object, the angle command indicating a branch to
a small region which has a sét of video data which is
synchronized tolfpllow ; set of wvideo data'ih fhe firsf
subregion of the object from which the branch ié performed,

wherein the operation receiving unit may also receive an
angle switching indication made by means of a user operation
and wherein the reproduction device may further include a
reading control unit for controlling the reading unit, when
an angle switchipg indic?tion has been received and an angle

command is included in the set of control information'in the

buffer unit, to read data from consecutive small regions

starting froﬁ a small région indicated by the angle command.
By means of the stated cqnsfruction, angle switchihg can
be performed during the reproduction of a multiangle 6bjéct
without halting the reproduction. ' |
Also, at least one set of sub—picture.data in thg:third
subregion may include a plurality of item imagéé for
expressing a combination of a set of audio data in a second
subregion and a set of sub-picture data in a . third
subregion; wherein each of the plurality of qommaﬁds'may be
related to an item image and wherein the'operétion recei&ing
unit may receive a selection of an item iﬁage by é user
qperation, when a set of sub-picture dafa which expresses

the plurality of item images is butputted by the output

12
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processing unit.

By means of the stated construction, a user can easily
and interactively select a desired combinatipn. '

Also, a set of control information may include a
prohibiting flag for prohibiting updating of a’ control
information storage buffer by the'reproduction device, and
wherein the buffer unit Lemporarily stops the updating when
fhe prohibiting flag is set..

By means of the stated construction, for a case where
control information with the same content is to be set for
a plurality of consecutive small regions, only the control
information in the first of such small regions needs-to be
set, with the rest of tpé small regions merely having the.
flag which prohibits updating set. By doing so; more
efficient use of the storage capacity of the optical disc

can be made.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects,'advantages and features 6f the
invention will become apparent from the following
description taken in conjunction with the accompénying
drawings which illustrate a specific embodiment of the
invention. In the drawings: ’

Fig. 1 shows the system stream formed by interleaving_
one compressed set of mbving picture data with one
compressed set of audio data, according to conventional
techniques;

Fig. 2 shows examples of system streams for karaoke data

13
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according to conventional techniques;

Fig. 3 is a crqss—section' showing the physical
construction of a DVD in the embodiment of the present
inv;ﬁtion; | |

Fig.- 4 shows the how the compressed video data and

compréssed audio data make up the combined data streams

]
called video objects;

Fig} 5 shows the data composition of each of the video
data, audio data, sub-picture data and pack management
information which are interleaved in the video objects of
the preseht embodiment; .

Fig. 6 shows a simp;ification of the data construction
6f the entire optical disc in the present embodiment{

Fig. 7A shows the internal  construction of the videq
title set in the ﬁresent embodiment;

Fig. 7B shows the detailed data composition for the
route information: |

Fig. 7C is a table which is an extracf of the VOB
attributes in the route information;

Fig. 7D is a table which is an extract of tHe VOB
attributes which show a multiangle bloék;

.Figf 8A shows the relationship between program chains
and video objects:;

Fig. 8B shows the relationship between program.éhains
and multiangle blocks:;

Fig.'9 shows the internal construction of each video
manager on the optical disc in the present embodiment;

Fig. 10 shows the composition of each set of management

14
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information which is interleaved in the VOBs of the bresent
embodiment; | .

Fig. 11 shows the multiangle streams controlled by
multiangle information in the present embodiment; -

Fig.'12A shows the appearance of the reproduction system.
in the present embodimeﬁt;

Fig. 12B shows a] block diagram for the entire
construction of the reproduction device in the present
embodiment;

Fig. 13 shbws an example of a key arrangement on fhe
remote controller in the present embodiment:;

Fig. 14A shows a blqck diagram for the construction of
the system decoder in the present embodiment;

Fig. 14B shows a block diagram for the construction of
the system control unit in the present embodiment;

Fig. 15 shows a flowchart for the processing content of
the system control unit.in the present embodiment;

Fig. 16 shows a detailed flowchart for the reprodﬁction
process of a set of program chains by system control unit in

the present eﬁbodiment;

'Fig. 17 shows a flowchart for the volume menu display
reproduction process of the system control unit when the
"menu" key on the remote - controller is depressed in.the
present embodiment;

Fig. 18 shows an example of a program chain J.n the
present embodiment;

Fig. 19 shows an example of a karaoke reproduction video

object in the present embodiment:;

15
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Fig. 20 shows a karaoke part selection video object
included in the volume menu program chain in the present
embodiment; |

Fig.-Zl shows the operation which, by means of pre-
procéssing' commands and post-processing commands,  makes
effective use of video data in the video objects; and

|

Fig. 22 shows a flowchart for the manufacturing process

of the optical disc in the present embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The following is an explanation of the multimedia
optical disc of the prgsent embodiment which refefs'to an
example of a digital v;deo disq (hereinafter, DVD); this
beiné a 120mm diameter-optical disc which has a storage .

capacity of around 4.7GB (gigabytes) on one side.

Physical Construction of the Optical Disc

Fig. 3 shows a cross-section of the DVD. Startiﬁg from
the bottom, DVD 107 is formed of a first tran§parent
substrate 108 which is around 0.6mm thick (which is to say,
between O0.5mm and O.7mm thick), on top of which an
information ;ayer 109 made of a reflective membrane such as
metal foil is attached, with a bonding layer 110 and then'a
second transparent substrate 111 being formed on top of the
information layer 109. If necessary, é print layer 112, or
in other words a printed label, is printed on top of the
second - transparent substrate 111, with it not being

necessary for this priht layer 112 to cover the entire disc.

16
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In this drawing, the bottom side of the disc onto which
light beam 113 is shone and from which informatien is read
is eet as the front surface A, while the top side of the
disc with the print layer 112 is set as the rear surface B.
Here, indented and protfuding pits are formed in the
information layer 109 side of +the first transparent
substrate 108 by a manufecturing procees so that information
can be. recorded by varying the length of pits aﬁd the
intervals between them.. This is to say, the indentations
and prot:usions of the pits in the first transparent surface
108 are imprinted into the information layer 109. The'
lengths of the pits.and intervals for this disc are shorter
than on a conventional CP, with the pitch of the information
tracks in which the pit streams are formed also being
narrower, which results in impreved surface storage density.

The surface A side of the first transparent subetrate
108 in which pits are not formed is flat. '~ The second
transparent substrate 111 is a reinforcer and is made of the
same thickness (around 0.6mm) of the same material ae the
first transparent substrate 108, with both of its surfaces
being flat. |

Information is retrieved from this kind of .disc by
shinihg the light beam 113 on the disc and measuring changes
in the reflection ratio of the light spot 114. The:light
spot 114 on a DVD hae a diameter of around 1/1.6.times the
diameter of a light spot on a conventional CD due to an
increase in the numerical aperture NA of the objective lens

and a reduction in the wavelength A of the light beam.

17
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DVDs of the physical construction described above can
store around 4.7GB of information on one side, which is
almost eight times the storage capacity of a conventional

CD. As a result, it is possible to achieve a great

| improvement in picture quality for moving pictures and to

increase the reproduction time from the 74 minutes which was
possible with a video éD to over two hours. This high
storage capacity makes DVDs very suitable for use as gtorage
media for moving pictures.

The substrate technique which has enabled this

improvement in storage capacity is a reduction of the spot

'diameter D of the light beam. Here, spot diameter D is

given by the equation\“D = laser wavelength x/numérical
aperture of objective lens NA", so that the spot diameter D
can be reduced by reducing the laser waﬁelength A énd by
increasing the numerical aperture of objective lené NA. It
should be noted here that if the numerical aperture of
objective lens NA is increased, comatic aberration occurs
due to the rélative inclination, known as "tilt", 6étween
the optical axis of the beam and the disc surface. In order

to ..suppress +this phenomenon, DVDs use a transparént

substrate of reduced thickness. Such a reduction in the

‘thickness of the transparent substrate creates the problem

of reduced physical durability for the disc, although this
problem can be overcome by reinforcing DVDs with another
substrate. Here, it is éspecially desirable to have the twd

substrates formed of +the same +thickness of +the same

material.

18
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Data is read from DVDs using an optical system ﬁith a
short wavelength (650nm) red semiconductor laser and an
objective lens whose NA (numerical aperture) can be eniarged
up to 0.6mm. If the thickness of the transparent substrate
is reduced_to around 0.6mm, a étorage capacity of around
4.7GB can be achieved for one side of a 120mm diameter
opticél disc. With thi; large storage capacity of 4.7GB,

there is more than enough capacity for a whole feature film

to be recorded on one disc, with it further being possible

for +the manufacturer to include soundtracks .in several

different 1anguages. In.fact, the storage capacity of 4.7GB
achieved by thiS'substraﬁe techniques allows the storage of

several sets of wvideo aqd audio data on a same disc.

Video Objects recorded on a DVD

Fig. 4 shows the how the compressed video daté and
compressed audio data make up the combined data sfreams
called video objects. These video objects recorded on the
DVD correspond to the system streams of the related art
shown in Fig. 1, although, since there are differeqées in
data cqmposition, these streams are called video objects
(hereinafter abbreviated to VOB) for ease of understanding
in the preseﬁt embodiment.

Fig. 4 drawing shows the. original video elementary
stream, audio elementary stream and sub-picture elementary

stream together with a VOB. This illustrated example

' conforms to the compression method and data format

stipulated under MPEG2 (Moving Pictures Experts Group

19
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IS013818).

In this example,l"videé elementary stream" is a serial
video data stream which has been compressed and divided
int;;vals called Groups of Pictures (GOPs) wh;ch ‘are
expressed as "video 1, video 2, video 3...." in the drawiﬁg._
Here eaéh GOP includes around twelve to fifteen fraﬁes of
conventional video data.$hich eQuates to a reproduction time
of 0.5-1.0 second. 1In Fig. 4, each GOP unit is made.up of
a plurality of video packs which have been pack convérted in
units of 2KB (kilobyfe) length.
| Similarly, "audio elementary stream" is composed of an

audio signal inciuding' left/right channel components of

- stereo sound and a surround component which have been

combined during compression, with three kinds of audio A, B
and C being expressed as "audio A-1, audio A-2....", "audio
B-1, audio B-2...." and "audio C-1, audio C-2...." in the
drawing. Here, each of audio A-1, audio A-2 .... is made up
of at least one audio data pack which has beeg pack
converted in units of 2KB (kilobyte) length.

"Sub-picture elementary stream" is a data'stream-which
includes compressed graphics, with there being two kinds of
subfpicture which are expressed as "SP A-1, SP A-2...." and
"SP B-1, SP B-2....". Here, each of sub4picture SP A-1, SP-
A-2 .... is made up pf at least one sub-picture data pack
which has been pack converted_in units of 2KB (kiiobyte)
length. |

This wvideo data stream, audio data stream and sub-

picture data stream are interleaved into each VOB. The

20
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cycle used for this interleaving is called a GOP unig.

It should be noted that in the present embodiment
management information is interleaved into VOBs. In.these
VOBs, the smallest unit for the interleaving of management
information with the other kinds of data is called_a VOB
unit (hereinafter, VOBU). Here, information necessary for
interactive reproductiok, especially information :which
enables sﬁitching of the audio data and sub-picture data
whieh is reproduced by the reproduction device as an
accompaniment to +the wvideo data is included in +the

management information. Each pack is of 2KB size which is

_the smallest unit for retrieval from the optical disc, which

is to say the same size\as each logical block (sector) on
the optical disc. This is shown in Fig. 6 and is described
later in the text. By means of this arrangement, d&namic
reproduction control can be achieved even by a reprodﬁction
device which a small capacity memory.

The above construction for VOBs means that VOBs which
store filme, for example, can include soundtracks in several
different languages and sub-picture data for subtifies in
several different languages, in additioh to the video data.
In such a case, efficient use can be made of the storage
capacity of the optical disc by net requiring a plufality of
separate system streams like conventional techniques.’

Fig. 5 shows fhe data format of each of the video data,
audio data, sub-picture data and pack management information
which are interleaved in the VOB. Each kind of data in the

illustrated VOB has been converted into packets and .packs
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according to MPEGZ standard. In this embodiment, each pack
contains one packet'called a PES (Packetized Elemenfary
Stream) and is made up of a pack header, a packet header and
data which take up 2Kbytes. The contents of the "pack
header" which shows the start of a pack énd "packet header"
which shows the start of a packet conform to MPEG2 staﬁdard,
so that their explanatioﬂ has been omitted and the following

explanation will focus on the information used to express

"the different kinds of data.

The "stream ID" included in the packet header is an
eight-bit field which shows whether the packet is a wvideo

data packet for a video elementary stream, a private packet,

.or an MPEG audio packet. Here, a “private'packet" is data

whose content can be freely defined undér MPEG2 standard.
In the present embodiment, private packet 1 is defiﬁed as
audio data and sub-picture data while private packet.z is
defined as pack management information. = Private packet 1

further includes a substream ID, which is an eight-bit field

showing whether the packet contains audio data or sub-

picture data. The audio data defined by private packet 1

has a maximum of eight kinds of settings #0-#7 for linear
PCM format or AC-3 format. Also, the sub-picture data has
a maximum of thirty-two kinds of séttings #0-#31.  The
stream ID and substreams are used by the reproduction device
to. determine what kinds of packs are present in the
retrieved information and how to separate them.

Here, for video data, the "data" field is made up of

MPEG2 compressed data. For audio data, the "data" field is
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made up of data in one of MPEG, linedr PCM or AC-3 format.
Finally, for sub-picture data, the "data" field is made up
of graphics data which has been compressed using run-length

encoding.

Data Composition of the Entire Disc

Fig. 6 shows a simpiification of the data construction
of the entire optical disc in the present embodiment.

As shown in this drawing, the regions on the optical
disc which store data can be broadly classified into a lead-
in region, a volume region and a lead-out region. Hefe, the
volume region is further made up of a volume management
region and a file regiop, with this file region being made
up of a video manager file (hereinafter, Video Manager) and
a plurality of video title set files (hereinafter, Video
Title Sets). It should be noted here that although the
Video Manager and Video Title Set are explained-as each
being one file for ease of understanding in the pfesent
embodiment, due to the extensive capacity used when storing
a movie, for example, it is desirable'for the title-to be
divided into a plurality of files which are consecutively
arranged on the optical disc in order, to facilitate
management by the reproduction device.

The "lead-in region" is located at the innermost part of
the optical disc and stores data to stabilize operation at -
the start of retfieval by-the reproduction device.

.The "lead-out region" is located at the outermost part

of the optical disc and stores data which shows that the
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volume region has ended.

The "volime region" is located between the lead-in
region and the 1lead-out region and is made up of an

ektremely large number of logical blocks which are arranged

onto a spiral track as a one-dimensional array. Each

logical block is made up of 2KB and is distinguished from
each other using a block|numbér (sector address). Here the
logical block size is the smallest unit for retrieval by the
reproduction device, with the size of each set of wvideo
data, audio data, sub-picture data and manégement data shown )
in Fig. 5 being the same. |

The "wolume ménagement region" takes up a necessary
number of blocks starting from the first block and is used
to manage the entire disc. It stores information for the
files in the file region according +to  IS013346
(International Standards Organization) or other such
standard. ’

The "Video Manager" in the file region expresses the
management information for the entire disc. This volume
manager includes information for expressing a volumé menu
which is a menu for setting/changing thg reproduction
control for the entiré volume. |

A “Video Title Set" in the file region stores a
plurality of VOBs and information for reproduction control
of these VOBs, with each Vidéo Title Set having a size which
is an integer multiple of logical blocks or, in otﬁer words,
2048bytes*n. Here, when there are three versions of a same

movie title, these being a no-cut version, a cinema version
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and é télevision versién, this Video Title Set is made up
of the names of these three versions. Since VOBs can be
common to these different versions of the title, both gomm@n
VOBs and VOBs unique to only one version are pecoraed in
this Video Title Set. The size of one VOB can be set by the
software developer to be one scene in a movie, a whole

]
movie, or one song for karaoke.

Data Composition of the Video Title Set

Fig. 7A shows thelinternal construction of the Video
Title Set shown in Fig. 6. As shown in this drawiné, the
video Title Set is.madg up of videb title set management
informafion and VOB sets. o

Each "VOB set" is made up of -a plurality of VOBs. As
shown in Fig. 4, each VOB has a plurality of sets of audio
daté and a plurality of sets of sub—pidture data which are
interleaved together wifﬁ video data.

The "video title set management information" includes a
video title set management téble, title search 5ointer
management information, a prdgram chain information table
and the like. | |

- The "video title set management table" shows the
internal construction of the wvideo title set management
information" whiqh is to say the contents (such as the kind
of information stored or whether there is a table) of the
video titlé set management information.

Tﬁe'"program chain information table" is a table which

stores a plurality of entries of program chain information.
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Here, each entry of program chain information includes
inforﬁation for one program chain, which 'is to say_rqute
information showing a reproduction order of a plurality of
VOBs as well as control information relating to the

reproduction of the program chain. In this émbodiment, a

_ progfam chain (hereinafter, PGC) is a list of VOBs which is

decided by a reproductign order as déscribed above..‘Here,
by setting the route information, +the software <title
deve;opef can freely combine any number of.VOBs in' their
desired order as a PGC. |

Each entry of program chain information stores -

reproduction +time, a pre-processing command, ‘a post-

processing command and route information.

)

"Reproduction time" stores the reproductioﬁ time of the
menu. |

A "Pre-processing command" is a_control command® to be
executed before the start of reproduction of a pfogram

chain.

A "Post-processing command" is a control commands to be
executed after the end of reproductign of a program chain.
Pre-processing commands and post-processing commands are
commands for reproduction branch control and reproduction
output control. An example of the former is a LINK c@mmand
indicating a next PGC to be reproduced while an example of
the latter is a SETSTN coﬁmand.for setting the combination
of audio data and sub-picture data. to be reproduced out of
the plurality of sets of audio data and éub—picture data.

The "route information", as shown by the arrow in Fig.
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7A, expresses 'the reprdduction order of the VOBs -which
comgose a PGC and includes pointers for indicating the
logical address of each VOB in the'storage area of the
optical disc. The list of these pointers is giéen in

reproduction order of each of the VOBs which form the PGC.

For the example in Fig. 7B, the route infd:mation for PGC

} , .
information #1 includes pointers which show each of VOB #1

through #3. By means of this PGC information #1, Voﬁ#l is
reproduced, then |
VOB#2 is reproduced and finally VOB#3 is reproduced. Also,
this route information includes VOB attributes whicﬁ show
whether each of the'VOBg indicated by the pdinters are part
of a multiangle block.\ Here, a multiangle block is a
plurality of VOBs which include video data of a same subject
shot at different camera angles or with different views.'

The "title search pointer management information" is the
list of contents for the Video Title Set and, for each“video
title included in the in the Video Title Set, shows the PGC
include in the video title and the first PGC to be
reproduced when at the start of reproduction.

The following is a detailed description of the route
information included in each set of PGC information.

..Fig. 7B shows the detailed data composition of theiroute

information (hereinafter, route information #1) included in

PGC - information #1. Fig. 7C is a table which shows

information extracted from route information #l1 in PGC
information #1. As shown in these figures, route

information #1 is an arrangement of VOB information #1-VOB

.
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information #3 which shows the VOBs which are elements of
PGC#1 in reproduction order. Here, one set of VOB
information is made up of a pointer which shows the.;forage
area of the VOB and VOB attributes which show the block type
and the biock mode. Here, the block type sths whether the
VOB is an element in a multiangle block (whether it ié angle
or ﬁot angle) and the bl&ck mode shows the range of the VOB
in the multiangle block wheﬁ the blcék type is "aﬁgle".

Putting this another way, out of the plurality of sets of

VOB information in the route information, this shows from

which set of VOB information to which set of VOB information
the multiangle block is formed. More specifically,;it:shows
whether the position of Fhe VOB informatibn in the.blbck in’
the route information is the start of the block, the middle
of the block or the end of the block. For roﬁte inforﬁation
#1 shown in Fig. 7C, an example of normal (non-block) fGC
information is shown. As shown in Fig. 8A, by means of this
route information #1, VOB#l, VOB#2 and VOB#3 are reproduced
in that order.

An example of route information (route information #2)
which includes a multiangle block is shown in Fig. 7D.
Here, PGC#2 which is reproduced by this route information #2
is depicted in Fig. 8B. For the route information #2 given
in Fig. 7D, the elements of PGC#2 are VOB#4-#8. Of these,
the block type for VOB#4-#7 is multiangle, with their
respective block modes béing start, middie and end, so that
they form the multiangle block shown in.Fig. 8B. In this

case, PGC#2 does not have VOBs #4, #5, #6, #7 and #8
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reproduced in that order, but rather has the reproduction

device perform cont:dl so that first VOB#4 is reproduced,
with this followed by one VOB out of the multiangle block
which can be changed by the user making an operation of a
remote controller, before VOB#8 is finally reproducéa. It
should be noted here that the VOB which is to be displayed
first in a multiangle b&ock (ﬁhich is to say the default
angle) is the VOB whose block mode is start. Fc;r the

example shown in Fig. 7D, the VOB to reproduced after VOB#4

is the VOB whose block mode is "start", which is VOB#5.

Data Compbsition of the_Video Manager

Fié. 9 shows the ipternal construction of the video
manager shown in Fig. 6. As shown in thié drawing, the
video manager is made up of videq manager manaéement
information and a VOB set. Here, video manager management
information includes a video manager management table('title
search pointer ‘management information, volume menu
management information, a PGC information table aﬁd the
like. |

This data construction differs from the composition of
the Video Title Set shown in Fig. 7 in that it includes
volume menu management information but that the PGC
information does not include automatic reproduction branch
informatioh, pause reproduction  information and menu
selection information. Otherwise, the data constructions in
Figs. 9 and 7 are identical, with the elements which are not

really necessary having been omitted, so that only the
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differences will be explained below. .

The "video manager management table" shows the. internal

construction of the video manager management information

which is to séy the contents (such as the kind of
information stored or whether there is a table) oflthe'video
manager management information.

The "title search pointer management information" shows
a list of conteﬁts for each video title in the volume,’which
is to say to which video title set each wvideo title beldngs.l

The "volume menu management information" includes access
information which is a set of pointers indicating PGC
information for the volume menu. Here,.the volume menu
(hereinafter, the master\menu) is a menu for the settihg and
changing reproduction control of the entire volume and is
the menu which is displayed whenever the "menu" key 6n the
remote controller is depressed at any point during the
reproduction of the disc. For the case of a karaoke disc,
the master menu is é menu for selecting a title (which in
this case is é song) recorded in the volume. The data for

expressing this menu is stored as one or more PGCs. This

volume menu management information is can be stored, for

example, in a buffer in.the reproduction device and then

referred to every time a user depresses the "menu" key on

~ the remote controller during reproduction. By doing so, the

VOlume menu can be reproduced in accordance with the
referred to access information.
The "menu PGC information table" is a table which stores

at least one entry of PGC information for a menu. As shown
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by the arrow in Fig. 9, this menu PGC information table is
indicated by access information included in the volume menu
management information. It should be noted here that the
volume menu itsélf is expressed using a plurality &f PGCs
indicated in this table, so that it may'be a hiefarchical

menu, a voice guidance menu or a menu of any form freely

}
- chosen by a title developer.

Data Construction of Management Information in a VOB .

Fig. 10 shows the composition of each set of management
information which is interleaved in the sYstem streams shown
in Fig. 4. As shown iq this drawing, the pack management
information is. made up qf trick play iriformation, higﬁlight
information and standard information.

The "trick play information" is information forltrick
plays, such as jump addresses for fast forward reproduction
or rewind reproduction operations. ;

The "highlight" information shows information which
indicates +the reproduction control corresponaing .to a
selection of a menu according to an operation using a key on
the,remote controller and the menu display information which
uses the sub-picture data. More specifically, this is made
up of a number of selection items, color.information, and a
plurality of selection items which are themselves each made
up of item display information and a highlight command.

This information is for realizing interactive processes with

the user by-inviting user . selections by'displaying item

images using sub-picture data and receiving user selection
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made with the remote controller. This highlight infoEmation
is present in each VOBU, so that interactive opératiqns can
be achieved at any point during the reproduction of a VOB.
The "number of selection items" expresses the nuﬁber of
items which can be selected by means of a user operation in
response to a menu display. As one example, the menu
display here can be a'| display of item images séch as
selection buttons or selection icons which is achieved using

sub-picture data.

The "color information" is information forlindicafing a
change of color when an item is selected or confirmea by a
uSer, to indicate tha; this item has been selected or
confirmed. ‘

The plurality of "selection items" are a same number of
pieces of information for indiéating items in the menu as
given in the "number of selection items" information. In
this . embodiment, selection .items include a plur-aiity of
pairings of audio data and sub-pictufe data, with thé free
selection of these by the user being possible.

The "item display information" of each selectioﬁ item
expresses the area of the sub-picture for which the color
is to be changed when an item is selected. As one example,
if the button or icon showing the item is rectangular, this
can be' expressed using the coordinates of two opposite
vertices (corners).

:The "commands" in each selection item are the
reproduction control commands to be executed when +the

corresponding menu item is selected and confirmed. LINK
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commands and SETSTN éommands are spebific examples of such
commands.. LINK commands are expressed as "LINK PGCH#n" and
indicate a jump to PGC #n. Here, #n indicates the nuTber of
a PGé information entry in the PGC information tablé;shown
in Figs. 7A and 9. By using such commandé, the reproduction
device can cancel the Ireproduction of a .currenf PGC,
retrieﬁe the indicated Péc informatioh #n and then commence
the reproduction of PGCHn in accordance.with the retrieved
information. SETSTN commands are expressed.as "SETSTN #i,
#j" and indicate the reproduction of a combination of audio
data #i and sub-picture data #j. Here, #i and #j are.the
number of the audio data and sub-picture data in the VOBs.
By uéing_such commands,‘the reproduction device switﬁh the
reproduction from the audio data and the sub-picture data
currently being reproduced to the indicated audio dafa and
the sub-picture data during the reproduction of a current
PGC. Also, by setting a third parameter #k in such SETSTN
commands_so that they become "SETSTN #i, #j, #k", it is
possible to indicate an angle number in a multiangle block.

These commands are common to the pre-procgssing
commands, post-processing commands and highlight commands
described above. Here, the desirable use of these commands
is for the pre-processing commands to be mainly used for
initial settings of combinations of audio daté and sub-
picture data to be used in PGC reproduction, highlight
commands ‘to be used for settings and changes in accordance

with user operations and post-processing commands to be used

for default setting or resetting the entire optical:disc.
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It is also possible to use a plurality of other co&hands,
but since these bear no’ relation to the'present invention,
they will not be described. .

The "standard informationﬁ stores information such as
the_réproduction functions supported by the data in tﬁé GOP,
and includes mﬁltiangle information as one 'kihd Qf
reproduction function. | Multiangle information stores a
plurality of VOBs'for video of a common éubject which is
shot at different camera angles and so is information which
enables the user to switch to their desired angle ﬁuring
reproduction. More specifically, when then are n VOBs
corresponding to angles #i to #n, the multiangle inforﬁation
is ﬁade up of n diffegent jump addresses (logical block
addresses) which correépond to each angle number. . Here,
each jump address is a jump address for a different angle
and so indicates the reproduction position of videé data
which is synchronized to the wvideo data in the VOB which
includes this multiangle information. |

Fig. 11 shows a multiangle stream controlled by the
multiangle information. In this drawing, VOBs . #4-#8 aré
VOBs in PGC#2 shown in Fig. 8B, with VOBs #5-#7 beiﬁg the
multiangle period. The VOBs #5-#7 in this period include
video data for a same subject shot at different angles, with
switching between them during reproduction being possible
usiﬁg the multiangle information. By doing so, the user can
switch between video clips taken at different angles. In
the, enlargement at the bottom of the drawing, switching

between viewpoints using the multiangle information is
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shown. As described above, multiangle information stores
the jump addresses for synchronized reproduction poéitions
in the VOBs of video data for other angles. As one e;aﬁple,
the multiangle information in system VOB#5 stores Jump
addféss information for VOB#6 and jump address information

for VOB#7. In the illustrated exampie, VOB#6 and VOB#7

. b, .
contain similar information. An angle menu is displayed

'when the user depresses the "angle" key on the remote

control 91 so fhat the user can indicate his/her désired
angle. ane an angle has been indicated, reproduction is_
commenced at the jump address corresponding to the indicated
angle by the reproduction deﬁice.

rﬁaving explained t@e data construction stored on the
disc in the present embodiment, the following is a
description of the reproduction device for the optical disc

having this data construction.

Outline of the Reprodﬁction System

Fig. 12A shows the appearance of the reproduction system
of the present embodiment which is made up of a reproduction
device, a monitor and a remote controller.

"As can be seen in the drawing, the reproduction device

1 reproduces the DVD shown in Fig. 3 in accordance with

operétion indications made using the remote controller 91
and outputs an image signal and an audio signal. Here, the
operation indications made using the remote controller 91
ére received by the remote control reception unit 92 of

reproduction device 1.
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Display monitor 2 receives the image signal and the
audio signal from reproduction device 1 and di9p1§ys an
image output and an audio output. This display mbnitor 2

can be a conventional television set.

Entire Construction of the Reproduction Device

i
Fig. 12B shows a block diagram for +the entire

construction of +the reproduction device in +the present
embodiment. The reproduction device is made up of a motor
81, an optical pickup 82, a mechanism control unit 83, a
signal processing unit 84, an AV decoder unit 85, a system
decoder 86, a remote .controller 91, a remote control
recepfion unit 92 and a system control unit 93. The system
decoder 86 is further composed of a video.decoder 87, a sub-
picture decoder 88, an audio .decoder 89 and an image
combining unit 90. |

The mechanism control unit 83 controls the mechanism
which includes the motor 81 for driving the disc and the
optical pickup 82 for reading the signal recorded on the
disc. More specifically, the mechanism control ﬁﬁit 83
adjusts the speed of the motor in accordance With the.track
position indicated by the system controL unit 93 while at
the same time hoving the pickup position by driving the
actuator of the optical pickup 82 and, having detected a
desired track through servo control, waiting until <the
revolution of the disc has reached the point where the
desired sector is recorded before finally continuously

reading the signal from the desired position.
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The signal processing unit 84 executes signal

processing, such as amplification, wave-shaping,

démodulation, and error correction, for the signal read by
the optical pickup 82. After this, it stores the signal in
logical block units in the buffer memory (not illustrated)

- o8

of system control unit 93. The data in the buffer memory is

_ } '
read by the system control unit 93 in accordance with the
.video title set management information and the video manager

management information and is transferred from the buffer

memory to the system decoder 86 by control by the éystem

control unit 93 for each VOB.

Thé AV decoder unit 85 converts the received system
stream data into the original video signal and audio signal.

The system decoder 86 determines the stream iD and
subsystem stream ID for each packet included in the VOBsi
transferred from the buffer memory and outputs video déta to
the video decoder 87, audio data to the audio decoder 89,
sub_—picture data to the sub-picture decoder 88 and pack
management information to the system control unit 93. In
doing so, the system decoder 86 outputs to the audio décoder
89 and the sub-picture decoder 88 only thé audio data and
sub—picture data whose number correspénds to the numbers
indicated by the system control unit 93, out of the
plurality of pieces of audio dafa and sub-picture data, with
the . rehaining pieces of .data being discarded. The
managemént information outpUtted by the system control unit
93_is..stored in a different buffer to the aforementior_xed

buffer - Memory. This buffer is updated every tome new
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management infdrnation is oﬁtputted;

?The-video decoder 87 dgcodes the video data inputted
from fhe system decoder 86 and, having decompresséd the
data, outputs it as a digitai video signal to the.image
combining unit 90.

When the sub-picture data inputted from the system
decoder 86 is run—length compressed image data, the sub-
picture decoder 88 decodes it, decompresses it and oﬁtpdts
it in the same format as the video data to the‘ image
combining unit 90. In doing so, it is possible for the
colors in the image.data to be changed in accordance with
the color information. Also, when the supricture decoder
88 includes a graphics prqcessing unit and the sub-picture
data includes a program for indicating a graphics pfoCess
and data to be used by the process, the data can be
processed by the graphics processing unit before being
outputted. By doing so, visual effects which were not
conventionally possible can be created. - “ |

The audio decoder 89 decédes the audio data inpufted
from the system decoder 86, decompresses it and outpﬁts.it
as digital audio data. -

The image combining unit 90 combines the output of the
video decoder 87 and theloutput of the sub-picture decoder
88 according to proportioné indicated by the system control
unit 93 and outputs the result as a v;deo signal. This
éignal is converted iﬁto an analog signal and is then
inputted into a display device, such as display monitor 2. °

The remote controller 91 receives reproduction control
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indications made by user operations. An example'keyfiayout
of the remote controller 91 is shown in Fig. 13._. The
following is a brief explanation of'only thé keys which
specifically relate to the present invention. The "menu"
key .is used to call the universal menu which can be
displayed at any point during reproduction. The numeral
keys and arrow keys are‘used for making menu selecfions.
The "enter" key is used for confirming a selected menu item.
Finally, the "angle" key is used for switéhing angle éuring
hultiangle reproduction. |

The remote control feception unit 92 receives the key
signal infrared transmitted from the remote controller 91
in response to the dep\ression of a key and informs the
system control unit 93 of the key data using an interrupt
process.

The system control wunit 93 controls the éntire
reproduction device. It is composea of a program memofy for
storing a program for realizing the functions of the éystem.
control unit, a buffer memory for storing data for 1ogical'
blocks and a CPU for executing the program. - More
specifically, when the déta read from the buffer meméry,is
video title set management information or video ménager
management information, the system control unit 93 stores
the information in another buffer (not illustrated, but
hereinafter called the "first buffer") and performs
reproduction control for the signal processing unit'84 in
accordance with the content of this information; while when

the data is a VOB, the data is directly transferred from the
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buffer memory to the system decoder 86. For the mechanism
control unit 83, the system control unit 93 calculates the
number of the track on the disc which corresponds to the
next logical block to be read, indicates the tréck poéition
and indicates block reading control to the mechanism céntrol
unit 83. Also, oh being interrupted by the remote cbntrbl
reception unit 92, the s§stem confrol unit 93 is infofmed of
the key data correépondihg to the deprésséd key and performs
reproduction control corresponding to the key data. The
system control unit 93 also receives the management
information in a VOBU from the system decoder 86,
temporarily stores it in a buffer (not illustrated, but
hereinafter called thg .“second buffer") énd peiforms
reproduction control in accordance with the content of this

information.

Construction of System Decoder 86

Fig. 14A shows a block diagram for the construction of
the system decoder 86 shown in Fig. 12B. As shown in this

drawing, the system decoder 86 is made up of an MPEG decoder

. 120, a sub-picture/audio separétor 121, sub-picture

selection unit 122 and an audio selection unit 123.

The MPEG decoder 120 determines the kind of péck by
referring to the stream ID.in the pack header of each data
paék included in the VOB transferred from the buffer memory
and, depending on its determination result, outputs the
packet data to the video decoder 87 for a video packet, to

the sub-picture/audio separator 121 for private packé;-l, to
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the system control unit 93 for private packet 2 andﬁto the
audio selection unit 123 for an MPEG audio packet.

Tﬁe sub-picture/audio separator 121 determines thé kind’
of packet.by referring to the substream ID in the packet
header of the private packet 2 inputted from thé MPEG
decoder 120 and, aepending on its determinatibn result,
outpﬁts the data to sub-éicfure selection unit 122 if‘it'is
sub-picture data or to the audio selection.unit 123 if it is
audio data. As a result, the audio data and sub-picture
data of each number is outputted to the sub-picture
selection unit 122 and to the audio selection unit 123. |

The sub-picture selgction unit 122 outpﬁts to thé sub-
picture decoder 88 only\the sub-picture data which haé the
number indicated by the system control.unit 93, - out of all
the sub-picture data sent from the Sub-picture/audio
separator 121. The remaining sﬁb-picture data is discarded.

The audio selection unit 123 outputs. to the audio
decoder 89 only the audio data which has the " number:
indicated by the system control unit 93, out of the MPEG
audio inputted from the MPEG decoder 120 and the audio data
inputted from the sub-picture/audio sepérator 121. The

remaining audio data is discarded.

Detailed Construction of the System Control Unit 93

,Fig. 14B is a block diagram which shows a detailed
example construction of the system control unit 93 in the

present embodiment.

As shown in the drawing, the system control unit 93 is
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made up of a buffer memory 931, a first buffer 932, a secona
buffer 933, a remote control input interpreter 934, a button
conféol unit 935, a command interpreter execution unif 936,
a system state management unit 937 and a reproduction
control unit 938. ;

The buffer memary 931 temporarily stores the data read
from the optical disc b} the signal processing unit 84 in
logical block units and, under the contral of . reproduction
control unit 938, outputs its content to the system décoder
86 when a VOB has been read, while when a non-VOB has been
read, which is to say when the v1deo manager management
information or the video title set management information
has been read, it outqus its content to the first bmffer
932.

The first buffer 932 stores the video manager management
information and the video title set management information.
Here, it is possible for the first buffer 932 +to ﬁave a
storage capacity which is merely safficient for storing a
minimum of a one piece of PGC information.

~-The second buffer 933 stores the management information
im the VOBU outputted from the system decoder 86. The
content stored in the second buffer 933 is overmritten each
time new management information in a next VOBU is outputted.
Accordingly, a storage capacity of one or two kilobyées is
sufficient. Here, the aforementiomed buffer memory 931,
first buffer 932 and first buffer 932 may be fbrméd of
different storage areas of a same memory, with Flg. 14B

merely showing the buffers separated in terms of functlon.
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The remote control input interéreter 934 recei&es an
input of key data from the remote control reception unit 92
interprets which key has been.depressed and informs the
button control unit 935 of this type of kgy. |

The button control unit 935 performé control to decide
whether to execute a highlight command and whether to change
a display color based oﬂ the management information stofed
in the second buffer 933 and on the button type notification
from the remote control input interpreter 934. = More.
specifically, when the button notification is that a cursor
key or numeral key has been depressed, the button cbntrol
unit 935 outputs an indication to the AV decoder unit 85 to
change the color of thg indicated selection item to the
selection color based on the management information. This
indication of display color is.outputted in_accordancé with
the color information shown in Fig. 10 and the item display
information for each selection item. When the button
notification is that the enter key has been depressea, the
button cdntrol unit 935 outputs an indication to change the
display of the item with the selection c¢olor tb the
confirmation color and, if a highlight command is_set for
that selection item, notifies <+the command intefpreter
execution unit 936 of the corresponding highlight command.
When the button notification is that the menu key has been
depressed, the button control unit 935 outputs an indication
of a command to reproduce the volume menu to the command
interpreter execution unit 936. Alsb, when the button

notification is that the angle key has been depressed, the
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button control unit 935 outputs an indication of aniangle
change command to the command interpreter executioﬁ_unit
936. The other buttons bear no direct relation to the
pre;ént invention and so will not be described.

The command interpreter execution unit 936 receives
highlight commands, volume menu reproduction commands,,title
ménu reproduction comman&s and angle switching commands from
the button control unit 935, interprets.these commaﬁd and
then executes them. More specifically, on interpreting that
a highlight command is "SETSTN #i, #j", the command
interpreter execution unit 936 writes the audio number #i
and the sub—picture_numper #J into the specified registers
in the'system state management unit 937. The values in
these specified registers are then directly sent to the
system decoder 86, so +that an immediaté switch to
reproduction of this combination of audio number #i and sub-
picture #j can be executed. Alternatively, on interpfeting

that a highlight command is "LINK PGC#n", the command

.interpreter execution unit 936 gives an indication to the

.reproduction-control unit 938 to read PGC#n. Alternatively,

on interpreting an angle switching command, the command
interpreter execution uﬁit.936 updates the angle number
which is stored in a specific register éhd gives an
indication to the reproduction control unit 938 to read a
jump address fdr a differeht angle which is indicated by the
updated angle number. A similar proéedure'is also exécuted

when a SETSTN command includes an angle number.. <

The system state management unit 937 includes a group of
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registers which include the specified registers desbribed
ébove, and is used to store the internal condition of the
reproduction.dévice. As dgscribed above, these spebified
registers store the audio number #i and the sub-picture
number #j, with their stored contents being dikectly
outputted to the audio selection unit 123 and thé sub-
picture selection unit 1%2 in the system decoder 86, as well
as storing the angle number as required duriné the
reproduction of a multiangle block.

The reproduction control unit 938 controls the mechanism
control unit 83 and the signal processing unit 84 in
accordance with the Vidgo title set management inforﬁation
and the video manager management information stored in the
first buffer 932 and, by doing so, controls the. entire
reading process of the multimedia optical disc. As one
example, on receiving “LINK PGCH#n" either as a post-

processing command stored by the first buffer 932 or as an

‘indication from the command interpreter execution unit 936,

the reproduction control unit 938 controls the reading of
the newly-indicated PGC#n. The'reproduction control unit
938 also controls the reading of a series of VOBs in

accordance with the route information stored by the:first

buffer 932. This control of the reading of a series of VOBs

is performed as described below for the case when, as
described in Fig. 7B, a VOB to be reproduced next belongs to
a mulfiangle block (which is to say its. block tfpe ié-
"angle"). First, if the block type of the VOB is angle and

the block mode is "start", and an angle number is already
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stored in the specified register, the reproduction control

unit 938 reads the VOB of this angle number. However, if an

“angle number is not alreadj stored in the specified register

(suqh as when the angle number is "O"), the reproduction
control unit 938 reads the VOB whose block mode is "start".

If the block mode is "middle" or "end", then since the

- |
reproduction of one VOB in the multiangle block is completed

on suqh reproduction, the next VOB to be reproduced is-found
from the VOB information which follows tﬁe VOB information
whose bldck mode is "end". Accordingly, for the example in
Fig. 7B, reproduction is performed in the order qf VéB#4 -
VOB#5 - VOB#S. |

LY

Simplified Operation of the System Control Unit 93

Fig. 15 shows a flowchart for the processing content of .
the system control unit 93 shown in Fig. 12.

First, on detecting +that a disc is set in the
reproduction device, the system control unit 93 controls the
mechanism control unit 83 and the signal processing'uhit 84
and has disc rotation control performed until stabilized
retrieval from the disc can be performed, at which point the
optical pickup is moved, the volume management region shown

in Fig. 6 is read and, based on the information in the

- volume management region, the volume information file shown

in Fig. 7 is read (steps 121, 122). Next, the system

control unit 93 reproduces the program chain for the_yolume

menu, based on the volume menu management information in the

volume information file (step 123). During the reproduction
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of the program chain for the volume menu, the user can give
an indication of the number of their desired audio data and
sub-picture data. Here, the reproduction of the voluﬁe menu
program chain at the start of reprdduction of the optical
disc may be unnecessary depending on the way in which the
multimedia data is used, in which case such reproduction can

|
be omitted.

Next,'the system control unit 93 displays the program

chain for the title menu in accordance with the set of

titles management information in the volume information file

(step 124) and, based on the user selection (stepl125),
reads the file management information for the wvideo file
which includes the selecFed title (step 126) and branches to
the program chain at the start of the selected.title'(step
127). The system control unit 93 reproduces the set of
program chains and returns to step 124 on completing the

reproduction (step 128).

'Reproduction Process of the System Control Unit

Fig. 16 shows a detailed flowchart for the reproduction
process of a set of program chains by system control unit

93. This process includes the same processing as steps 123,

124 and 128 in Fig. 15.

In Fig. 16, the system control ﬁnit 93 first reads the
apprbpriate PGC information from the program information
table in either the video manager or the video title set
(step 131), and then executes the pre-processing command

(step 132). If the cdmmand is a SETSTN command, the audio
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and sub-picture numbers #i and #j indicated in the dommand
are reported to the audio selection unit 123 and the sub-
picture selection unit 122 in the system decoder 86.‘_A1so,

when an angle number is indicated in the SETSTN commaﬁd, the

'specifies register is set using the initial setting of angle

number.

.Next, system contréh unit 93 controls the meéhanism
control unit 83 and the signal processing unit 84 and so
reads the system streams in order of the pointers wriften in
the system stream information shown in Figs. 7 énd_g (step
133). The retrieved system streéﬂs are separatéd and
reproduced by the AV decoder unit 85. At this point, the
separated video and sub—?icture are displayed on the display
screen (not illustrated), with audio. output also: being
commenced using the audio data. After this, the éystem
control unit 93 receives +the management information
separated by the AV decoder unit 85 (step 134), decodes the
standard information and trick play information in thé pack
management information shown in Fig. 10 and executes dOntrol
in accordance with the decoding resulf (step 135).

Furthermore, the systeﬁ control unit 93 dedodés the
highlight information in the pack management information
(step 136) and, when there has been é reception ffom the
remote control reception unit 92 of key data corresponding
to a cursor key or numeral key, changes the selected item on
the display screen and its selection color (steps.137:.138),
or when there has been a reception of key data corresponding

to the "enter" key, changes the color of the selected item
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on the display screen to the confirmation color (steps 139,
140), as well as executing the command corresponding to the
confirmed item (step 141). The processing of this command

is the same as for the pre-processing command described

above.

Next, the system contrql unit 93 returns to stép 133
when there is a next Vog'to be reproduced (step 142:no),
while when there is no VOB to be reproduced (when the PGC
has beeﬁ completed) (step 142:yes), the system control unit.
93 decides the PGC which is the branch address (step 142)
and executes a post—précessing command (step 143). The
processing of this post-processing command is the same for
the pre-processing command described above. Also, whén the
branch address is a title menu, the system control unit 93
returns to step 124 shown in Fig. 15 (step 144:no),:while

when this is not the case, the system control unit 93

returns to step 131 (step l44:yes).

Volume Menu Display Process of the System Control Unif 93
Fig. 17 is a flowchart for the wvolume menu displ'ay
reproduction process performed by the system.control unit 93
when the "menu" key is pressed on remote cqntroller 91.
Here, system control unit 93 performs the process in
this drawing when there is an interruption process due to
the "menu" key being depressed. After the interruption has
occurred, the system control unit 93 saves the PGC number
béing reproduced at that point and the logical block address

which shows the present reproduction position of the VOB in
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the memory (step 145) and reads the volume manager'(step
146). The retrieval of this volume manager may be performed
by reading the optical disc in the same way as in step 122
in Fig. 15, or alternatively the information may be stored

in the memory during the retrieval in step 122 so that it

can’be read from the memory in the present step.

After this, the syééem control unit 93 reproduces the
set of PGCs for the volume menu based on'the volume managexr
(step 147). This reproduction of the set of program chains
is the same as -the process in _Fig. 16 so will not be
described in detail. By reproducing this volume menﬁ, the
user can select a combiqétion of audio data and sub-picture
image. As one example,\if the command corresponding to the
selected item is "SETSTN #2, #3", the system control unit 93
indicates the selected audio data #2 to the audio selection
unit 123 and tﬁe selected sub-picture data #3 to thé sub-
picture selection unit 122.

After the reproduction of the volume menu PGC has been
completed, the system control unit 93 has a return éf the
saved PGC number and the logical block address which shows
the original reproduction position in the VOB (step 145) and
leaves the interruption process (step 149). By doing so,
reproduction can be recommenced from the reproduction
position in the VOB for the original PGC. However, at this
point the reproduced sub-picture data and audio dataﬁswitch
to those indicated by the numbers which were set according
to the user's wishes using the SETSTN command.

The following is an explanation of the operation of the
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reproduction device described above.

?%irst, the following is a simplified explanation of the
disc retrieval and reproduction operations for five basic
operation examples which are explained below.

Once é disc has been set in the reproduction dévice,
disc rotation céntrol is performed until stabilized
retrieval can be achieve&, at which point the optical bickup
is moved and the volume management region shown in Fig. 6 is
read. This volume management region stores the file_
information for the inside of the file block, with the
volume information file shown in Fig. 7 being read based on
this information. Fo; this example operation, it is
supposed that a'karaokg disc is to be reproduced. The
volume menu for this disc is a title selection meﬁu for
karaoke (the titles in this case being songs). Here, if a
song is a duet, the title menu can be a part selection menu
for the duet as shown in Fig. 20. |

As shown in Fig. 9, the title search pointer management
information stored at the start of the wvideo file which
includes this title is read at the start of reproduction of
this title. Here, for thé case when the title is é duet
song, this title search -pointer management information
stores PGC numbers corfesponding to the title menu for

selecting a part to be reproduced out of the plurality of

parts stored in the video title set. The PGCs for the title

are read and reproduction control is performed in accordance

with the PGC information shown in Fig. 9.

An example of a wvolume menu program chain to be
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reproduced here is shown in Fig. 18. The PGC in this
drawing is for menu selection of duet karaoke title; with
this PGC being made up of one VOB#J. The video 300-350 in
this VOB displays a background image for the menu-using an
MPEG still image, while the sub-picture (SP in the drawing)
daté 300-350 expresses color information for a two-color
character for a selectién item which is to be overwritten
onto the background image, changihg the backgrounds color in
accordance with the color information in fhe highlight
information of the management information 300-350.  The
audio data 300-305 and 310-315 is for aural guidance to help
the ﬁser make a selection. Note that here, LINK commands
are stored corresponding\to selection items-in'the highlight
information in the pack management information. Heré, the
video data and sub-picture data are outputted by the
reproduction device having first been combined. |

1f, after viewing the menu and hearing the "aural
guidance, the user makes a selection by pressing butthn nan
on the remote controller 91, +the information for this
operation of remote controller 91 is sent from the iemote
control reception unit 92 to system control unit 93; The
process corresponding to this button -selection "2" is
interpreted as the command "LINK #PGC#11" corresponding to
button "2" in the highlight information in the control data'
of the system stream, with repioduction éontrol advancing to
progrém chain #n. The repfoduction of program chain #n is
then.commenced as described above. |

The following is an explanation of the operation when
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the following examples of data are written on the disc:
(1) karaoke songs
(2) an English conversion lesson
(3) a quiz
(4) a golf game

(5) a baseball broadcast
1

(1) Operation for a Disc Containing Karaoke Songs

Fig. 19 shows an example of a karaoke reproductibn VOB
(setaas VOBH#K) fdr explaining the presént example oper;tion.
In tﬁis VOB#K, one set of wvideo 400-500 for a background
image is interleaved with three different kinds Qf.audio

data #1-#3 and three different kinds of sub-picture data #1-

_#3. In the sub-picture data, the male parf is displayed

using blue text and the female part using red text, with the
lyrics for any vocal part already included in the audid data
being displayed using white text. In'reality, the display
colo;s change in time with the reproduction of fhe“song,
although here, for ease of.explanation, the dolors in the
presént operation do not change as the song is reproduced.
In the audio data, the symbols oA denote that only the
accompaniment for male or feméle part is included in the
audio data.

The following is an explanation. of the reproduction
procéss and operation of a karaoke disc which includes the

VOB#K described above. o

First, when a disc is set in the reproduction device and

reproduction is begun, the volume manager shown in Fig. 6 is
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read and transmitted  to the system control unit §3;which
then sets a common reproduction mode for the entire volume
based on the volume menu management information. ~ More
specifically, the volume menu PGC specified by the volume
menu management information is reprodﬁced. This volume menu
is reproduced by the title selectioh menu such as that
explained above and sho&h in Fig. 18. Also, when a duet
title has been selected in the title selection menﬁ, the
title menu for.part selection in the duet is reproduced.
Fig. 20 shows the content of the karaoke part seléction
VOB (set as VOB#L) included in the part selection title menu
PGC in the present examp;e. It is composed in the same way
as the volume menu (VOB#K) for title selection shqwn in Fig.
18, although there are differences in the content of the
management information. In the management information of -
the VOB#L, the command "SETSTN #i, #j" is stored in the

highlight information shown in Fig. 10. Here, the selection

items #14#3 correspond to the buttons "1"-"3" on the remote

controller 91. By doing so, when the female part is
selected by pressing the "2" key on the remote controller
91, the reproduction control command "SETSTN #3, #3" is
executed so fhat an indication to switch the audio data and
sub-picture data is sent to the system decoder 86. 'Aftef
this indication has been executed, the appropriate auéio and
sub-picture are outputtéd before the reproduction of the
song shown in Fig. 19 is commenced.

‘It should be noted here _that in order +to avoid

undesirable results due to commands being executed
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immediately, it is also possiblé for the system contro} unit
93 to wait for an apprdpriate length of time. Also,'since
the execution of cbmmands is not limited to the reproduction
period of disc menus, setting'may be performed during any of
the PGCs, making the setting operation flexible enough for

users' needs.
_ \ _ _
The above example operation describes the commencing of
reproduction of a karaoke song after a combination of audio

data and sub-picture data have been selected during the

reproduction of the volume menu, although it is still

possible for the user to change the combination of:audio
data and sub-pidture datg during reproduction of the karaoke
song. In this case, al} of the management information in
the VOB#K for karaoke reproduction shown in Fig. 19, may
inciude the same highlight information as the highlight
information shown in Fig. 10. This storing of the same
highlight infofmation'is because the menu VOB#L and the
karabke VOB#K have the same data construction. By doing so[
during the reproduction of the karaoke song, a éETSTN
command corresponding to the pressing of one of the buttons
“1"—"3" on the remote controller 91 is exécuted, By‘doing
so, a switch to the desired audio data and subépicture data
can be performed without halting the karaoke reprodudtion;
By means of this example operation, the optical disc and
reproduction device of the present embodiment can.aliow a
user to easily select his/her desired audio data aﬂé'sub—
picture data without needing to know beforehand_the numbers

of the audio data and the sub-picture data. It is also
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possible for the user to easily change the audio data and
sub-picture data once reproduction has begun.

Furthermore, it is also possible in the above example of
karaoke for separate VOB for different backgroumd.video
images to be provided as a multiangle block. In such a
case, by using SETSTN commands the user can enjoy a vériety

)

of combinations of video data, audio data and sub-picture

data.

(2) Operation for a Disc Containing

An English Conversion Lesson

While +the first example operation deals with the
issuance of commands gccording to menus, the -pfesent
operation example will describe an example when reproduction
mode is automatically switched-as repfoduction procee&s, so
that, for one VOB, different combinations of audio dafa.and
sub-picture data are successively displayed.

Normally, Eﬁglish conversation teaching videos shéw the
same example conversations a number of times, ﬁifh the
content of the audio and subtitles changing as the iesson
progresses. Here, as described in prior art section
relatihg to conventional video CDs, if has been necessary to
record all of the different patterns as separate VOBs on a.
disc, with the multiple recording of video data which
reqqires a large amount of data posing a serious problem.
The present example operation is for a case 'where a
conversation scenarid to be repeatedly reproduced can be

stored in just one stream using post-processing commands of
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a caller PGC. Here, Fig. 21 shbWs an  example there
reproduction using the same VOB (the VOB#M) is to be
peréérmed three times using different combinations of—audio
data and sub-picture data. In this figufe, three PGCs
(PGC#1-PGC#3) are indicated in the same set of :route
information of VOB#M. As shown in Fig. 9, PGCs can include
pre-processing and post—ﬁrocessing commands. First, fbr the
reproduction of program-chain 1, the pre-processing cdmmand
"SETSTN #1, #1" is executed so that audio 1 and sub-picture
1 are reproduced along with the main video image. Once the
reprodu'ci:ion of program chain 1 is complete, the post-
processing commands of program chain #1, "SETSTN'#Z, #2" and
"LINK PGC#2", are execu?ed and the process advances to the
reproduction of program chain #2. Based on the settings,
the reproduction of' program chain 2 is composed 6f the
reproduction of audio 2 and sub-picture 2 along with the
main video image, with once this is complete, the‘post-
processing commands of program chain #2, "SETSTN #3,'#34 and
"LINK PGC#3", being executed and the process advancing to
the reproduction of program chain #3. Once the reproduction.
of program chain #3 is complete, the post-processing command
"SETSTN #1, #1" is executed so that the original (default)
settings of audio 1 and sub-picture 1 are restored.

By providing PGCs with pre- and post-processing commands
which give indications but at the same time still oﬂiy use
the one VOB#M as described above, a variety of different
reproduction combinations can be achieved autdmatically. In

the present example, only three program chains were used,
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but since the amount of data néeded to store a program'chain
is negligible when compared to the size of a system s%ream,
an improvement can be made in the storage efficiency of a
disc medium in addition to the improved effectivenéss of

reproduction which uses one VOB.

)
(3) Operation for a Disc Containing A Quiz

.For a quiz, it is common to set different levels of
hints even for the same question. In a system stream for
realizing this, the video data which provides hints is
interleaved with a variety of pieces of audio data whiéh are
aural explanations to help the user solve the quiz and a
number of pieces of sup—picture data which differ in the
area and ‘degree to which they mask the video data which
provides the hints. By doing so, the content of the.audio
data which gives an aural explanation to help the user solve
the quiz and the size and area of the sub—picture:image
which masks the video image will chahge accordiﬁg to the
level set by a user using an interactive menu.

As can be seen in this. example operation, +this
arrangement enables +the realization of new kinds of
multimedia software such as game-like quizzes which are
based around video élips and therefore require expanded use

of DVDs.

(4) Operation for a Disc Containing A Golf Game

The following is an explanation of an example operation

which effectively generates sub-picture data when the sub-
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picture data includes graphics data and a program for
processing +the graphics data. This example gplf game
includeé a function for displaying the putting line when
putting on the green. -

For the system stream used in this example, the‘video
data is for a moving picture image which shows the
undulating green from d&fferent angles. The sub—picture
data includes a three-dimensional representation of the
green, data showing pin position, a program calculatihg-and
displaying putting- line. and viewpoint positioh data
corresponding to the video data. The.former thrée are
regiétered at the start pf a VOB and are set in the graphics
processing unit in the sub-picture decoder 88 at the. start
éf reproduction. The remaining viewpbint positioﬁ data
which corresponds to the video data is data which shows the
changes in the viewpoint position as the moving picturé data
changes the viewing angle of the green, with the viewpoigt
position data being stored in the VOB so as. to correspbnd to
the video data.

The aforementioned putting line program includes a
function which moves a ball mark display in accordancé with
user manipulations of the cursor keys, so that when a ball
mark display is positioned at an arbitrary putting poSition
and the enter key is 'depressed, the three4dimensiona1
display of the green is shown with the line as far as the
hole being displayed in_accordance with the undulati@ns of
the green shown by the three-dimensional representation.

By means of the above operation, a user who wishes to
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know the correct putting line can view the correct line from

"a ball mark display position to the hole just by positioning

the ball mark position at an arbitrary putting position.
Here, an image which gives a feeling of being on the spot
and of three-dimensionality which was unavailable for

conventional TV images can be achieved.
\ _

(5) Operation for a Disc Containing A Baseball Broadcast

The following is an explanation of an example of VOBs in
a multiangle block in which the audio data and sub—picture
data can be dynamically changed in accordance with a
switching of angle. .

The multiangle bloc? is.made up of three VOBs #1-#3
which include video data for a baseball broadcast shot at
the following three angles; (1) behind the backstoﬁ, (2)
first base, and (3) third base. In such a case, VOB#l1l is
made up of video data 1 showing the action viewed'from
behind the backstop and audio data #1-1 which is a standard
commentary. VOB#2 is made up of video daté 2 showiﬁg the
action viewed from the first base stands, audio daté #2-1
which is the standard commentary and audio data #2¥%;which
is a commentary from the first base stands. VOB#3 is made
up of video data 3 showing the action viéwed from the third

base stands, audio data #3-1 which is the standard

commentary and audio data #3-2 which is a commentary from

the third base stands. Here, the'standard commentary in.
audio data #1-1, audio data #2-1 and audio data #3-1 is the

same. Audio data #2-2 and audio data #3-2 are separate
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souhdtracks which.correspond to the alternative angles.
When Viewing the aforementioned multiaﬁgle period, the
user can select théir desired commentary when switching.to
an alternative angle. -
mAs examples, when the backstop angle is selected, the

standard commentary is reproduced. When the first base

| .
angle is selected, the standard commentary or the separate

first base commentary can be selected using the master menu.
The same is true for the third base angle.
Also, by adding the respective commands “SETSTN #1; #o",

"SETSTN #2, #O0" and "SETSTN #3, #0" to the management

. information for VOB#1-#3 and performing automatic

confirmation as the rgproduction progresses, automatic
switching of audio data and angle can be achieved. 1In this
case, too, it is still possible for the user to Seleét the
standard commentary by means of menu selection. |

For this kind of multiangle data, whenever theré is a
switching of angles, it is possible to also switch audio
data/sub-picture data, which enhances the viewer's-féeling
of being on the spot. |

The following is a simplified. explanation of the
construction of an optical disc in the embodiment of the
presént invention. .

Fig. 22 shows a flowchart for the manufacturing process
of the optical disc in the present embodiment.

First, the data in the volume region shbwn'in'Fig. 6 is
generated by a logical data stream generation devicgﬂ(step

191). This logical data stream generation - device uses
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mulfimedia data editing software on a personal computer or
workstation and can generate volume data of the daté
construction shown in Fig. 6.  This volume data is recorded
onto a transfer medium, sﬁch as magnetic tape, and i§ then
converted into a.physical data stream by a'physical data
stream generation de&ice (step 192). This physical data
stream includes an ECC (grror checking code), data for the
lead-in region, data for the lead-out region and the. like,
in addition to the volume data. A master disc cutting
process then cuts a master disc for the optical discs.using
this physical data stream (step 193). Finally, optical
discs are manufactured from the master disc by a pressing
device. ‘

The aforementioned manufacturing process can be
achieved, with the exception of the part about the lbgical
data stream generation device using the data cohstrﬁction
of the present invention, by +the same manufacturing
equipment as conventional CDs. = This 1is described in
"Compact Disc Readér" by'Heitaro Nakajima and Hiroshi Ogawa,
Ohm Books and in "Optical Disc Systems" by the Applied
Physics Society/Optics Discussion Group, Asakura Publishing.

It should be noted here that in the first operation
example (karaoke) the SETSTN command which indicates the
combination of audio data and sub-picture data was executed
during the reproduction of a title menu for part selection
which precedes the commencement of repfoduction of a song,
although the present invention should not be construed as

being limited to such timing. As a different example, when
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the volume menu is called. by the "menu" key on the remote
controller 91, a setting button may be provided for the
above combination to alloﬁ changes to the COmbinafion.

It should be noted here that in the present embodiment,
the.sub—pictufe data has been described as being made~up of
image data such as sﬁbtitles, although it is equally
possible for such sub-piéture data to be made ﬁp of vector
graphics.or three-dimensional computer graphics (CGi. If
such images are used, video games can_be realized uéing a
combination of compressed moving pictures for actualfvideo
footage and computer graphics.

The present invention is not just a video disc which can
be used as a digital vi@eo disc (DVD) and instead can also
be used as a multimedia disc, and whilé the number of audio
tracks and sub—pictures for movie subtitles or for karaoke
song lyrics may be iimited to between a few and several
dozen for a video disc, the present disc can still operate
effectively even if between. sevefal hundred and several
thousand audio tracks and sub-pictures are interleayea.

- Also, the audio data is not limited to compressed audio
and may instead be made up of non-compreésed PCM data and
computer audio, such as MIDI data.

The present embodiment describes the case when control
data interleaved in VOBs is interleaved in each GOP which is
used as the unit of compression. Here,.VOBs on the DVD have
variable bit rates, but since a pointer for the previous 6r
succeeding GOP is necessary to performltrick plays such as

rewind and fast forward, such pointers also end up being
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used as control data packets for trick play. Howeve?, the
unit for the interleaving of the control data packet is not
limited to a GOP. _

'Also, the present embodiment describes a read-dn;y DVD
although the effects of the present invention are no
different if a rewritable disc is used. |

Furthermore, the co&ception of menu used here is any
means for finding a user selection and so should 5ot be
consfrued as being limited to a selection given using the
numeral keys on the remote coﬁtroller 91 used in the
embodiment. As other examples, indications inputted using
a mouse or voicé inputé are eqﬁally possible. Also, VOBs in
the present invention are based on MPEG standard, alfhough
shoﬁld- this standard be expanded, dr should a differ
standard emerge in the future, such a new standard maf also
be ﬁsed provided that a plurality of pieces of data are
interleaved and reproduced in a time series.

The present embodiﬁent was also expiained using the case
where only one set of compressed video data is interléaved,
although there need not be any limit on the numbér of sets
of such video data.

Finally, +the commands included in the management
information may be automatidally executed during the
execution of reproduction for that part of the title,
regardless of whether there has been a user indication. By
doing so, reproduction control can be performed for a:finer
time division.

It should finally be noted that although the present
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storage medium, the present invention is not limited to such
a medium so that any storage medium capable of storing Sets
of video data, audio data and sub-picture data which can be
selectively reproduced may be used. Also, should the
repréduction device be able té receive multimedia data from
an external source, theltfansfer of such multimedia data
need not be restricted to having a storage'médium as its
source, so ‘that the reproduction_device may alternafively

receive broadcasts of digital data. In such a case, the

reproduction device shown in Fig. 12B would include a

receiver for such digital broadcasts in place of the motor
81, optical pickup 82, mechanism control unit 83 and signal
processing unit 84.

Although the presént invention has been fully described

by way of examples with reference to the accompanying

drawings, it is to be noted that vapious changes ' and
modifications will be apﬁarent to those skilled in the art.
Therefore, unless such changes and modifications depart from
the scope of the present invention, they should be cpnétrued

as being included therein.

65 -



W R

W ® N o W\

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

AR O DA

RN A

What is claimed is

1. A.multimedia optical disc which includes a data region
for storing at least one object which includes video.data,
audio data and sub-picture data, wherein

the data region is made up of a plurality of small
regions, wherein an object is stored in consecutive small
regions and wherein each‘small region includes:

a first'subregion for storing a set of #ideo data of a
certain reproduction period;

a plurality of second subregions which each store an set
of audio data, wherein sets of audio data stored in
different second subregions express different reproduction"
audio to each other and gach set of audio data is data to be
reproduced at a same time as the set of video data in a
first subrégion; '

a plurality of third subregions which each store'a_set
of sub-picture daté, wherein sets of sub-picture data stored‘
in different third'subregions express different images to
each other and each set of sub-picture data is data to be
reproduced at a same time as the set of video data in the
first subregion; and |

a fourth subregion for storing a set of control
information, wherein each set of control information is
valid for a reproduction period of data ih a same small
region and wherein said.control information includes an.
indication to a reproduction device for a combination of one
set of audioc data out of the second subregions and one set

of sub-picture data out of the third subregions which are to
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be reproduced together With the set of wvideo data in the

first subregion.

2. The multimedia optical disc of Claim 1, including a
plurality of sectors which are formed in a spiral track,
wherein each small region is made up of consecutive sectors

| ]
and wherein the video data of the first subregion, the sets

"of audio data in the second subregions, the sets of sub-

- picture data in the third subregions and the set of control

information in the fourth subregion are recorded on the

optical disc using at least one sector each.

3. The multimedia optical disc of Claim 2, being formed of
a first transparent substrate and a second transparent
substrate of an approximately equal thickness of between 0.5

mm and O0.7mm which are joined together with at least one

information layer between them, +the information layer

including the plurality of small regions.

4. The multimedia optical disc of Claim 2, wherein each set
of'cpntrol information stored in a fourth subregion is of a

unit length for storage by the reproduction device.

5. The multimedia optical'disc of Claim 4, wherein some sets
of cbntrol information include flags for prohibiting one of
storage and updating of a set of control information by the

reproduction device.
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6. The.multimedia optical disc of Claim 2,

wherein during reproduction of a multiangle object, the
control information ihcludes an angle-command for indicating
a change of angle to the reproductioh device, a multiangle
oﬁject being a plurality of objects which include different
sets of video data which are selectiVely reproducediduring
a same reproduction periéd, .

- wherein each of the regions storing one of the objects
in the multiangle object stores a set of video data using a
plurality of consecutive first subregions,

and whérein fhe angle command reflects an interactive
process for the reproduction device and is a branch
reproduction command fr9m a small region currently being
reproduced to a small region of a different object in the
multiangle object, the angle command indicating a braﬁch to
a small region which has a set of video data which is
sjnchronized to follow a set of video data in the first

subregion of the object from which the branch is performed.

7. The multimedia optical disc of Claim 1, wherein at least
one éet of sub-picture data in the third subregion includes
a plurality of display item images for expressing a
combination of a set of éudio data in a second subregion and
a set of sub-picture data in a'thirdﬁsubregion; and wherein
the control information includes a plurality of commands
each of which is related to a display item image, with one
of the commands being sélected aﬁd executed in accordance

with an interactive process for the reproduction device.
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8. A multimedia optical disc which includes an index region
and a data region, the data region stdring a plurality of
objects which include wvideo data, audio data and sub-.
picture data, wherein

the data region is made up of a plurality of small
regions, wherein each obgect is stored in consecutive small
regions and wherein each small region includes:

a firsf subregion for storing a set of wvideo data of a
certain reproduction period;

a plurality of second subregions which each store an set
of audio data, wherein sets of audio data storéd in
different second subregions express different reprédgction
audio to each other and each set of audio data is data to be
feproduced at a same time as.the set of video data in a
first subregion;

a plurality of third subregions which each store a set
of sub-picture data, wherein sets of sub-picture data stored
in different third subregions express different images to
each other and each set of sub-picture data is data to be
reproduced at a samé time as the set of video data:in'the
first subregion; and |

a fourth subregion for storing a set of control
information, wherein each set of control information is
valid for a reproduction period of data in a same small
region and wherein said control infqrmation includes an
indication to a reproduction device for a combination of one

set of audio data out of the second subregions and one set
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of sub-picture data out of the third subregions which are to

be reproduced together with the set of video data in the

first subregion,

wherein the index region stores a plurality of sets of
chain information, wherein each set of chain information is
made up of a set of route information, a pre-proéessing
command and a post—proceesing command,

wherein a set of route information is a 1list of
addresses which shows storage positionsrof a plurality of
objects in the data region and said liet of addresses
expresses a reproduction order of the plurality of objects,

~wherein the pre—proeessing command is executed by the
reproduction device just before reproduction of the
plurality of objects (hereinafter referred to as a chain) to
be reproduced in a ‘row in accordance with the list of .
addresses and the pre-processing command includes an
initialization command indicating to the reproduction device
an initial setting of a combination of a set of audio data

and a set of sub-picture data to be rep;oduced at a same
time as a set of video data, and | |
wherein the post-processing command is executed just
after the reproduction of a plurality of objects Which are
reproduced in a row and which'includes a default setting
command indicating to the reproduction device a default for

the combination for a chain to be reproduced next.

9. The multimedia optical disc of Claim 8, wherein at least

one set of sub-picture data in the third subregion includes
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a plurality of display item images for expressing a _
combination of a set of audio data in a second subregion and
a set of sub-picture data in a third subregion, and wherein
the control informétio’n includes a plurality of setting
commands each of Which is related to a display item image,
with one of the setting commands being selected and execﬁted
in accordance with ah interactive process for the

reproduction device.

10. The multimedia optical disc of Claim 9, wherein at least
one of said chains is a movie title chain, and whereih, for
a list of objects which compose the movie title chain, one
plurality of second sub{egions in consecutive small regions
which store each of the objects stores a soundtrack in a
different language to another plurality of second subregions
and one plurélity of third subregions in the consecutivé
small regions which étore each of the objects stores
subtitles in a differént language to another plurality of

third subregions.

11. The multimedia optical disc of Claim 10, wherein one of
the chains is a menu display chain for selecting one movie

title, wherein objects which form the menu display chain

. have a set of video data which is a menu background stored

in the first subregion, wherein a set of sub-picture data
which expresses at least one item image corresponding to a
movie title is stored in one of fhe third subregions and

wherein a fourth subregion of a menu object stores a branch
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command which indicates branch reproduction to a movie title

chain corresponding to an item image in the third subrégion.

12. The multimedia optical disc of Claim 9, wherein some of
the chains are karaoke chains, with, for a list of objects
which form each karaoke chain, in consecutive small regions
which store an object,‘a plurality of second subregions
storing a different soundtrack which is one of a song with
no vocal, the song complete with the vocal and the song with
only a specified part of the vocal, and a plurality of third
subregions storing subtitles which are for one of a set of

all 1yrics for the song and a set of only a part of the

lyrics for the song.

13. The multimedia optical disc of Claim 12, wherein one of
the chains is a menu display chain for selecting one karaoke
chain, wherein objects which form the menu display chain
have a set of video data which is a menu background stored
in the first subregion, wherein a set of sub—picturé data
which expresses at least one item image corresponding to a
karaoke song is stored in one of the third subregions and
wherein a fourth subregion df a menu object stores a branch
command which indicates branch reproduction to a karaoke

chain corresponding to an item image in the third subregion.

14. A reproduction device for reproducing a multimedia
optical disc, wherein the multimedia optical disc includes

a data region for storing at least one object which includes

I
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video data, audio data gnd sub-picture data, wherein:

the data region is made up of a plurality of small
regibns, wherein an object is storéd-in consecutive small
regions and wherein each small region includes:

a first subregion for storing a set of video data of a

“certain reproduction. period;

] .

a plurality of second subregions which each store an set

of audio data, wherein sets of audio data stored 'in
different second subregions express different reproduction

audio to each other and each set of audio data is data to be

reproduced at a same time as the set of video data in a

first subregion;

a plurality of third subregions which each store a set
of sub-picture data, wherein sets of sub-picture data stéred
in different third subregions express different imaées to
each other and each set of sub-picture data is data to be
reproduced ét a same time as the set of video data in the
first subrégion; and |

a fourth subregion for storing a set of cbntrol
information, wherein each set of'control'informafion is
valid for a reproduction period of data in a same small
region and wherein said contfol information includes an
indication to a reproduction device for a combination of one
set of audio data out of the second subregions and one set
of sub-picture data out of the third subregions which are to
be reproduced together with the set of video data in the
first subregion, | |

wherein the reproduction device comprises:
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
- 47
48
49

O 0 3 o G B~ W N R

reading means for consecutively reading data from the
multimedia optical disc;

separating means for separating a set of video data, a
plufality of sets of audio data, a plurality of sets ?f sub-

picture data and a set of control information from the read

data;

audio selecting meaAs for selecting one set of audio
data from the separated plurality of sets of audio data;

sub-picture selecting means for selecting one set of
sub-picture data from the separated plurality of .sets of
sub-picture data;

control means for controlling the audio sélecting_means
and the sub-picture selecting means based on the set of
contfol information separated by the separating means; and

output processing means for decoding the separated set
of wvideo data, the selected set of audio data aﬁd the

selected set of sub-picture data and outputting an image

signal and an audio signal based on a decoding result.

15. The reproduction device of Claim 14, wherein the control
means includes: |

buffer means for storing a set of cohtrdl information
which is updated every time a new set of control inforﬁatibn
is separated by the separating means; and

a selection control unit for controlling a selection
made by the audio selecting means and the sub-picture
selecting means to select a set of audio data and a set of

sub-picture data which area indicated by a command in the

_—
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set of control information stored by'the buffer meané.

16. The reproduction device of Claim is,'wherein the control’
information includes a plurality of commands which each
correspond to a combination of a set of audio data in a
second sub-region and a set of sub-picture data in é third
sub-region, and ‘

wherein the reproduction device -further includes a
operation receiving means for receiving é selection
indiéation made by a user operation relating to a
combination of a set of audio data and a set of sub-picture
data, wherein the selgction control unit specifies the
combination based on tqe selection indication received by
the operation receiving means and controls the selection

made by the audio selecting means and the sub-picture

selecting means in accordance with a corresponding command.

17. The reproduction device of Claim 16, wherein a
multiangle object is stored in the data region of the
multimedia optical disc, a multiangle object being a
plurality of objects which include differenf sets of video
data which are selectively reproduced during a same
reproduction period, |

wherein each of the.regions storiﬁg one of the objects
in the mﬁltiangle object stores a set of video data using a
plurality of consecutive first subregions,

wherein the set of control information further includes

an ,angle command, said angle command being a branch
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reproduction indica’cion which indicates a branch from a
small region to.which the set of control information belongs
to a small region of a different object in the multiangle
object, the angle comménd indicating a branch tq_éTsmall
region which has a set of video data which is synchranized
to féllow a set of video data in the first subregioh of the
objgct froﬁ which the br;nch is performed,

| wherein the operation receiving means also receives an

angle switching indication made by means of a user operation

and wherein the reproduction means further includes a

reading control means fdr controlling the reading means,

when an angle switching ;ndication has been recéived énd an
angle command is includeg in the set of control informafion
in the buffer means, to read data from consecutive‘small
regions starting from a small region indicated by the angle

command.

18. The reproduction device of Claim 16, wherein at least

one set of sub-picture data in the third subregion inéludes
a plurality of item images for expressing a combination of
a set of audio data in a second subregion and a set of sub-
picture data in a third subregion,

wherein each of the plurality of commands is related .to
an_item image,

and wherein the operation receiving meéns receives a
selection of an item image by a user operation, when a set
of sub-picture data which éxpreéses the plurality of item

images is outputted by the output processing means.
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19.‘fhe reprodubtion device of Claim 16, wherein a éet of
control information dincludes a prohibiting flag for
prohibiting updating of a control information étorage buffer
by the reproduction device, and wherein the buffer means

temporarily stops the updating when the‘prohibiting flag is
i

‘set.

20. A reproduction device for reproducing a multimedia

optical disc, wherein the multimedia optical disc includes

a data region for storing at least one object which includes.

video data, audio data and sub-picture data, wherein the
data fegion is made up\of a plurality of small regions,
wherein an object is stored in consecutive small regions and
wherein each small region includes:

a first subregion for storing a set of video data of a
certain reproduction period;

a pluralify of second subregions which each storemén set
of audid data, wherein  sets of audio data stoféd in
different second subregioﬁs express different reprodﬁction
audio to each other and each set of audio data is data to be
réproduced at a same time as the set of video data in a
first'subregion;

a plurality of third subregions which each store a set
of sub-pictufe data, wherein sets of sub-picture data stored
in different third subregions expresé different images to
each other and each set of sub-picture data is data to be

reproduced at a same time as the set of video data in the
\

W
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first subregion; and

a fourth éubregion for storing a set of control
information, wherein each set_of control iﬁformation is
valid for a reproduction period of data in a same small
region and wherein said contfol information includes an
indication to a reproduction device for a combination of one
éet'of audio data out o% the second subregions and one set
of sub-picture data out of the third subregions which are té
be reproduced together with the set of video data in the
first subregion, -

wherein the reproduction device comprises:

reading means for consecutively féading data from the
multimedia optical disca

separating means for separating a set of video data, a
piuralit§ of sets of audio data, a plurality of sets of sub-
picture data and a set of control information from the read
data; |

first detecting means for detecting a type of a éet.of
audio data to be reproduced and a type of a set of sub-
picture data to be reproduced, based on the séparated set of
control.information; '

sub-picture selecting means for selecting a set of sub-
picture data. of the aetected type from the separated
plurality of sets of sub-picture data; |

audio seiecting means for selecting a set of audio data
6f the detected type from the separated plurality of sets of
audio data; and

output processing means for decoding the separated set

78
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of video data, the selected sef' of audio data and the
selected set of sub-picture data and outputting an image

signal and an audio signal based on a'decoding result.

21. The reproduction device of Claim 20, wherein at least
one set of sub—pidture data includes a plurality of item
images each of which sh&ws a combination of a set of audio
data and a set of sub-picture data and each set of ¢ontrol.
information includes a first indication relating to each
item image, | |
wherein the reprodudtion device further in@ludes

operating means for receiving a selection indication of an

item image by means of a user operation when the set of sub-

picture data is outputted by the output processing means,

wherein the first detecting means specifies a first
indication related to the item image received by the
operating means and detects fhe type of a set of aud%p data
to be reproduced and the type of a set of sub-picture data

to be reproduced based on the first indication.

22. The reproduction device of Claim 21,.wherein a table
iﬁcluding a plurality of sets of reproduction route
information is recorded on the multimedia optical disc, each
set of route information including a set of route
information, a set of pre-processing command information and
a set of post-processing command.information, wherein each
set of routé information expresses a répréduction order of
objects for having a list of objects reproduced, each set
79
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of pre-processing command informafion and each set of'post—
processing command information includes an indication}tb the
reproductipn device of a combination of a set of audio data
and a set of sub-picture data to be reproduced at é same
time as a set of video data, and .

wherein the reproduction means further includes;.

reading control meang for reading a set of reproduction
route information and controlling the reading means tb read
objects in accordance with the set of reproduction route
infofmation;

second detecting means for detecting the indication of
a combination of a type of a set of audio data and a type
of a set of sub—bicture\data to be reproduced for'each set.
of pre-processing command informatibn and each set of post-
processing command information included in the reproduction
route information read by the reading méans;

pre~processing command executing means for indicating to
the audio selecting means and to the sub-picture selecting
means a detection result of the second detecting means for
a set of pre-processing command information before a start

of reproduction of objects in a corresponding set of route

information; and

post-processing command executing means for indicating
to the audio selecting means and to the sub-picture
selecting means a detection result of the second detecting
means for a set of post-processing command information after
a completion of reproduction of objects in a corresponding

set of route information.
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23. The reproduction device of Claim 22, wherein a set of
control information, a set of pre-processing command
information and a set of post-processing command information
each include a branch indication to a different program
chain, wherein the first and second detectinglmeans aetect
a set of reproduction rgute information indicated by each

branch indication and the reading control means performs

' reading control of the detected set of réproductionjroute

information and reading control of objects in accordance

with the detected set of reproduction route information.

24. The reproduction device of Claim 22, wherein a éet of
sub-picture data includes an image and a program which
applies graphics processing to the image, and wherein the

output processing means includes a graphics processing unit

for executing the program using the image.

25, The reproduction deviée of Claim 22, wherein the data
region of the multimedia optical disc stores a multianglé
object, a multiangle objeét being a plurality of objects:
which include different'.sets of video data which are
selectively reproduced during a same reproduction period,

wherein each of the regions storing one of the objects
in the multiangle object stores a set of video data using a.
plurality of consecutive first subrégions,

wherein the set of control informétion further ihcludes
an angle command, said .angle command being a branch
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reproduction indication which indicates a branch from a
small region to which the set of control information éelongs
to a small region of a different object in the multiangle
object, the angle.command indicating a branch to a small
region which has a set of video data which is synchrbnized
to follow a set of video data in the first subregion 6f the
object from which the brgnch is performed,

wherein the operation receiving means also receiﬁes an
angle switching iﬁdication made by means of a wuser
operation, and

wherein the reading control means controls the reading
means, when an angle switching indication has been received
and an angle command %s included in the set of cbntrol
information in +the buffer meaﬁs, to read data from
consecutive small regions starting from a small region

indicated by. the ahgle command.

26. A reproduction device for reproducing multimedia data,

wherein the multimedia data is made up of a plurality Of
objects which . include wvideo data, audio data and subf
picture data,

whexein each object includes a sef of wvideo data.for a
reproduction time period whicb is interleaved with a
plurality of sets of audio data, one of which is reproduced
at a same time as fhe set of video data, a plurality of sets
of sub-picture data, one of which is reproduced at the same
time as the set of video data, and a set of control

information,
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wherein each set 6f control information is wvalid during
reproduction of a correéponding set of Qideo data for the
repfoduction time period and includes a command which
indiéates to the reproduction device a combination of a set
of audio data and a set of sub-picture data,.

wherein the reproduction device comprises;

acquisition means fo} acquiring multimedia data;:

separating means for separating a set of video data, a
plurality of sets of audio data, a plurality of sets of sub-
picture data and a set of control information from the
acquired data;

audio selecting means for selecting one set of audio
data. from the separated‘plurality of sets of audio data;

sub-picture selecting means for selecting one éet of
sub-picture data from the separated plurality of sets of
sub-picture data;

control means for controlling the audio éelecting means
and the sub-picture selecting means based on the set of
control information separated by the separating means; and

output processing means for decéding the separated set
of wvideo .data,_ the selected set of audio data and the.
selected set of sub-picture data and outputting an image

signal and an audio signal based on a decoding result.

27. A reproduction method for reproducing a multimedia
optical disc, wherein the multimedia optical disc which
includes a data region forlstoring at least one object which

includes video data, audio data and sub-picture data,
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wherein the data region is made up of a plurality ofjsmall
regi¢hs, wherein.an object is stored in consecutive-sma;l
regions and wherein each small region-includes: :

a first subregion for storing a set of video data of a
certain reproduction period} |

a plurality of second subregions which each store an set
of audio .data, whereig sets of audio data stored in.
different second subregions expréss different.reproduction
audio to each other and each set of audio data is data to be
reproduced at a same time as the set of video data in a
first subregion;

a plurality of third subregions which each store a set
of sub-picture data, whe;ein sets of sub-picture data stored
in different third subregions express different images to
each other and each set of Sub—picture data is data to bé
reproduced at a same time as the set of video data in thé-
first subregion; and |

.a fourth subregion for storing a set of control

information, wherein each set of control information is

valid for a reproduction period of data in a same small
region and wherein said control information includes an
indication to a reproduction device for a combination of one

set of audio data out of the second subregions and one set

0of sub-picture data out of the third subregions which are to

be reproduced together with the set of video data in the
first subregion,
.wherein the reproduction method comprises:

a reading step for consecutively reading data from the
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multimedia optical disc;

a separatihg step for separafing a set of video déta, a
plurality of sets of audio data, a plurality of sets of sub-
picfure data and a set of control information from the read
dataf_ |

an audio selecting step for selécting one set of audio
data from the séparated Llurality of sets of audio data;

a sub-~picture 39lecting step for selecting one set of
sub-picture data fréﬁ the separated plurality of sefs of

sub-picture data:

a control step for controlling'the audio selecting means
and the sub-picture selecting means based on the sef of
control information sepgrated by the separating means; and

an output processing step for decoding the separated set
of videb data, the selected set of audio data and the
selected set of sub-picture data and outputting an image

signal and an audio signal based on a decoding result.

28. A'repréduction method for reproducing digitél.data,

wherein the digital'data is made up of a plurality of
objects which include video data, audio data and Sub-
picture data,

wherein each object includes a set of video data for a
reproduction time period which is interleaved with - a
plurality of sets of audio data, oﬁe of which is reproduced
at a same time as the sef of video data, a piurality of sets
of sub-picture data, one of which is reproduced &t the éame

time as the set of wvideo data, and a set of control
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information, : :
wherein each set of control information is valid during
reproduction of a corresponding set of wvideo data for the

reproduction time period and includes a command which

indicates to the reproduction device a combination of a set

of audio data and a set of sub-picture data,

wherein the reproduc%ion method comprises:

an acquisition step for acquiring the digital daﬁa;

a separating step for separating a set of video data, a
plurality of sets.of audio data, a plurality of sets of sub-
picture data and a set of control ini:;ormation from the
acquired digital data;’
| an audio selecting §tep for selecting one set of audio
data from the separated plurality of sets of audio data;

a sub-picture selecting step for selecting bne_éet of
sub-picture data from the séparated plurality of sefs of
sub-picture data; |

~a control step for controlling the audio selecting means
and the sub-picture selecting means based on the set of
control information separated by the separating means; and

an output processing step for deCoding the separatéd set

of video data, the selected set of audio data and the

éelected set of sub-picture data and outputting an image

signal and an audio signal based on a decoding result.
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