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(57) Abrege/Abstract:

A BD-ROM has recorded therein an AV Clip generated by multiplexing a video stream and a graphics stream. The graphics stream
represents an interactive display to be overlayed with the video stream, and Iincludes a sequence of three Button State groups. The
Interactive display includes a plurality of buttons, each of which changes from a normal state to a selected state, and from the
selected state to an active state, according to a user operation. In the three Button State groups In the graphics stream, the first-
order group (N-ODSs) Is made of a plurality of pieces of graphics data, which represent normal states of the buttons, the second-
order group (S-ODSs) Is made of a plurality of pieces of graphics data, which represent selected states of the buttons, and the third-
order group (A-ODSs) Is made of a plurality of pieces of graphics data, which represent active states of the buttons.
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Abstract

A BD-ROM has recorded therein an AV Clip generated by
multiplexing a video stream and a graphics stream. The
graphics stream represents an interactive display to be
overlayved with the wvideo stream, and 1ncludes a sequence of
three Button State groups. The 1nteractive display includes
a plurality ot buttons, each of which changes from a normal
state to a selected state, and from the selected state to an

active state, according to a user operation. In the three

Button State groups i1n the graphics stream, the first-order
group (N-ODSs) 1s made of a plurality of pieces of graphics

data, which represent normal states of the buttons, the

second-order group (S-0ODSs) 1s made of a plurality of pieces
of graphics data, which represent selected states of the
buttons, and the third-order group (A-ODSs) 1s made of a

—

plurality of pieces of graphics data, which represent active

states of the buttons.
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Description

RECORDING MEDIUM, REPRODUCTION APPARATUS, RECORDING METHOD,

PROGRAM, AND REPRODUCTION METHOD

Technical Field

The present invention relates to a recording medium
suchas aBD-ROM, andtoareproductionapparatus. Thepresent
invention particularly relates to an interactive control
technology for combining, with a motion picture made of a
plurality of pictures, an interactive display made of a

plurality of buttons, and for realizing reproduction control

" in accordance with a user operation directed to the buttons.

Background Art

The 1nteractive control described above 1is an

indispensable function for reproduction apparatuses in
receiving a user operation on selection of title and chapter
to be reproduced, a reply to a quiz question, and the like,
and 1s widely known to be realized on DVD reproduction
apparatuses. The interactive control by a DVD reproduction
apparatus 1s an application of 0OSD (on screen display)
technology bywhichabuttonbeinga character stringattached
to a graphics 1s displayed on a screen, and the color of a
frame of the button is changed according to a user operation.
Such color change enables a user to intuitionally understand
whichbuttononthe interactive displayisinaselectedstate.

A disadvantage of the interactive control on a DVD is

that there is hardlyany factor for amusement. Specifically,

1



10

15

20

23

CA 02528509 2005-12-07

users hardly find it amusing during operation of the DVD

interactive control. In view of such criticism, animation

display of buttons is attempted on the interactive display
of a BD-ROM (Blu-ray disk prerecorded format) whose
standardization 1s underway. To be more specific, in the
interactive display presented by a BD-ROM, each button is
presented in a form of original animation, and 1s overlavyed
with a scene of a movie, which is the main video image. 1In
addition, the content of this animation display changes
according toauseroperation. Whensuchananimationdisplay
1s used to represent a character appearing on a movie work,
a user can change the expression and action of the character
by his operation directed to the interactive display. Such
a kind of énimation enables creation of interactive display

by which even a child is amused.

However, the animation display for buttons incurs a
large amount of decoding load, and so there is a problem that
a waiting time, until an initial display of the interactive
display is realized, becomes long. For example, assume that
an i1nteractive display such as shown in FIG.1l is overlayed

with a scene of a movie work. This interactive display has

four buttons, each of which has three states: normal state;
selected state; andactive state. Alsoassume a case in which

each state of button is presented in 2-3 seconds of animation
display. Even if one page of graphics data is displaved at
intervais of 5 frames 1in an image signal, about 30 pages of
graphics dataarerequliredtorealize 2-3 seconds of animation.

Notonlythat, sincetherearethreestates forabutton (normal

2
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state, selected state, and active state), therewill be total
of 90 pages (3*30) of graphics data. So as to dispose four
buttons on an interactive display, it requires decoding of
360 pages (4*90), which is an enormous amount of graphics
5 data. Decoding load for one page of graphics data is light.
However, 1t takes about dozens of seconds so as to decode
several hundreds of pagesof graphicsdata. Evenforapurpose
of making amusing interactive displays, it is too much to
keep users waiting dozens of seconds to display each

10 1interactive display, which deserves users’ criticism.

Disclosure of the invention

The object of the present invention is to provide a

recording medium that realizes interactive display with

15 animation, without delay.

Soas toachieve theabove~-described object, thepresent
invention provides a recording medium having: a graphics
stream; where: saidgraphics streamrepresentsaninteractive
display to be overlayed with a motion picture made of a

20 plurality of pictures, the interactive display including at
least one graphical button material; Said graphics stream
includes a plurality of pieces of graphics data that are
grouped under state sets; and the state sets respectively
correspond to different states of the at least one button

25 material and are disposed in a sequential order.

Under the above construction, suppose there are 360

pages of graphics data for rendering animation, and there

are threestates foreachbuttonmaterial. Then, thegraphics

3
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data wil] be grouped under  three state sets (e.qg.

120+120+120 pages) . Then each of the state sets 1s placed
so that the set that appear earlier 1n the animation will be

placed nearer to the top, and the set that appears later

will be placed farther to the top. Accordingly, 1n

reproduction, the earller appearing button-state set will be

loaded to the reproduction apparatus early, postponing

loading of later appearing button-state sets. By doing so,

when once reading/decoding of about 1/3-2/3 of the entire

graphics data are complete, the preparation for an initial

P

display 1s ready, even though not all of the 360 pages of

graphics data have not been finished being decoded.
Accordingly, 1in one aspect, the present 1invention
provides a recording medium comprising a graphics stream;
wherein: sailid graphics stream represents an interactive
display to be overlayed with a motion picture made of a
plurality of pictures, the 1interactive display including at
least one graphical button material; said graphics stream

gr—

includes a plurality of pieces of graphics data that are

grouped under state sets; and the state sets respectively

1

corregspond to different states of the at least one button

material and are disposed in a seqguential order.

In a further aspect, the presgent invention provides a

reproduction apparatus for reproducing a video stream and a
graphics stream, salid reproduction apparatus comprising: a

video decoder operable to decode the wvideo stream into a

motlon picture made of a plurality of pictures: and a

graphics decoder operable to decode the graphics stream into

an 1nteractive display i1ncluding at least one graphical
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button material; wherein; the graphics stream 1includes

—

aplurality of pieces of graphics data that are grouped under

state sets; the state sets resgpectively correspond to

pr—

different gstates of the at least one button material and are

1

disposed 1in a seqguential order; and said graphics decoder
uses graphics data respectively belonging to a top set and

second-place set 1n the state sets, for presenting the

i
P

initial display o1 the 1nteractive display, and uses

—

graphics data belonging to remaining ones of the state sets

for updating the 1interactive display upon a user’operation.

In a still further aspect, the present 1invention

provides a recording method for recording to a recording
medium, said method comprising: creating application data;
and recording the created data to the recording medium;
wherein: the application data 1includes a graphics stream;
the graphics stream represents an 1nteractive display to be
overlayed with a motion picture made of a plurality of
plctures, the 1nteractive display 1ncluding at least one

graphical button material; the graphics sgstream 1includes a

P

plurality of pieces of graphics data that are grouped under

state sets; and the state gsets regpectively correspond to

r—

different stateg of the at least one button material and are

disposed i1n a seguential order.

In a further aspect, the present 1nvention provides an

electronically readable recording medium having encoded

thereon computer program code for enabling a computer to

reproduce a video stream and a graphics stream, sailid program

da
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code comprising code operable to cause the computer to

perform; a decoding the video stream 1nto a motion picture

- -
— -

made of a plurality oI pictures; and a display of an

interactive display 1ncluding at least one graphical button

material; wherein: the graphics stream includes a plurality

-
.

of pieces of graphics data that are grouped under state

sets; the state sets respectively correspond to different

states of the at least one button material and are disposed
1n a sequential order; and 1n said display, graphics data

respectively belonging to a top set and a second-place set

1n the state sets 1s used for presenting an initial display

oL the 1nteractive display, and graphics data belonging to

remaining ones of the state sets 1is used for updating the

1nteractive display upon a user operation.

In a sti1ll further aspect, the present invention

pr—

provides a wmwethod of reproducing a wvideo stream and a

graphics stream, salid reproduction method comprising:

decoding the wvideo stream into a motion picture made of a
plurality of pictures; and displaying an interactive display

including at least one graphical button material: wherein:

the graphics stream includes a plurality of pieces of

graphics data that are grouped under state sets:; the state

sets respectively correspond to different states of the at

least one button material and are disposed in a seguential

order; and 1in said displaying, graphics data respectively

belonging to a top set and a second-place set in the state

sets 1s used for presenting an initial display of the

R—

interactive display, and graphics data Dbelonging to

remaining ones of the state sets 1s used for updating the

1nteractive display upon a user operation.

4b
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In a still further aspect, the present invention provides
a recording medium comprising: a dJraphics stream which

represents an interactive display 1including a plurality of

graphical button materials to be overlaid with a motion picture

wherein: said graphics stream includes a plurality of graphics
data sets; the interactive display includes at least a button

material A and a button material B, whereilin the button

materials A, B 1nclude an animated display, the graphics data

sets 1nclude a graphics data set G[An,Bn] corresponding to a

normal state, a graphics data set G[As,Bs] corresponding to a

selected state, and a graphics data set G[Aa,Ba] corresponding

to an active state; the graphics data set GlAn,Bn]
corresponding to the normal state includes at least graphics

data An composing the normal state n of the button material A,

and graphics data Bn composing the normal state n of the button

material B; the graphics data set G[As,Bs] correspondlng to

the selected state 1ncludes at least graphics data As composing

prom—

the selected state s of the button material A, and graphics

data Bs composing the selected state s of the button material

B, the graphics data set G[Aa,Ba] corresponding to the active
state 1lncludes at least graphilics data Aa composing the active

state a of the button material A, and graphics data Ba

composing the active state a of the button material B; and the

plurality of graphics data sets are disposed in an order of

the graphics data set G[An,Bn)], the graphics data set G[As,Bs],

and the graphics data set G{Aa,Ba].

In a still further aspect, the present i1nvention provides

a reproduction apparatus for reproducing a graphlics stream,

sald reproduction apparatus comprising: a graphics decoder

4c
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operable to decode the graphics stream and obtain an
interactive display 1including a plurality of graphical button
materials, wherein: the graphics stream includes a plurality
of graphics data sets; the interactive display 1includes at
least a button material A and a button material B, wherein the

button materials A, B include an animated display; the graphics

data sets 1nclude a graphics data set G[An,Bn] corresponding

to a normal state, a graphics data set G[As,Bs] corresponding
to a selected state, and a graphics data set G[Aa,Ba]

corresponding to an active state; the graphics data set

G[An,Bn] corresponding to the normal state 1ncludes at least

graphics data An composing the normal state n of the button

material A, and graphics data Bn composing the normal state n

of the button material B; the graphics data set G[As,Bs]

corresponding to the selected state 1ncludes at least graphics

ﬁ

data Aa composing the selected state s of the button material

A, and graphics data Bs composing the selected state s of the

button material B; the graphics data set G[Aa, Ba]
corresponding to the active state i1ncludes at least graphics

data Aa composing the active state a of the button material A,

and graphics data Ba composing the active state a of the button

' bl

material B; and the plurality of graphics data sets are

Jr—

disposed 1n an order of the graphics data set GI[An,Bn], the

graphics data set G[As,Bs), and the graphics data set G[Aa, Ba];
said graphics decoder uses graphics data belonging to the

graphics data set G[An,Bn] corresponding to the normal state

and graphics data belonging to the graphics data set G{As,Bs]
corresponding to the selected state for presenting an 1nitial
display of the 1nteractive display, and uses graphilics data

that, among the graphics data belonging to the plurality of

4d
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graphics data sets G[An,Bn], G[As,Bs], and G[Aa,Ba], 1is not
used for the 1nitial display, for updating the interactive

display upon a user operation.

In a still further aspect, the present invention provides

a recording method for recording to a recording medium, said
method comprising the steps of: creating application data; and
recording the created application data to the recording
medium, wherein: the application data includes a graphics
stream; the graphics stream represents an interactive display

to be overlaid with a motion picture, the interactive display

including a plurality of graphical button materials; the

graphics stream includes a plurality of graphics data sets

P

each forming a group of graphics data which renders a

predetermined state of the graphical button materials; and the

interactive display includes at least a button material A and

a button material B, wherein the button materials A, B include

an animated display, the graphics data sets include at least

a graphics data set G[An,Bn] corresponding to a normal state,
a graphics data set G[As,Bs] corresponding to a selected state,
and a graphics data set G[Aa,Ba] corresponding to an active
state, the graphics data set G[An,Bn] corresponding to the

normal state includes at least graphics data An composing the

normal state n of the button material A, and graphics data Bn

composing the normal state n of the button material B, the
graphics data set G[As,Bs] corresponding to the selected state

1ncludes at least graphics data As composing the selected state

s of the button material A, and graphics data Bs composing the

potn

selected state s of the button material B, the graphics data

set G{Aa,Ba] corresponding to the active state includes at

4e
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gr—

least graphics data Aa composing the active state a of the

button material A, and graphics data Ba composing the actilve

rﬁ

state a of the button material B, and the plurality of graphics

data sets are disposed 1n an order of the graphics data set

G[An,Bn}, the graphics data set G[As,Bs], and the graphics

data set G[Aa,Ba].

In a still further aspect, the present invention provides
a method of reproducing a graphlics stream which represents an
interactive display including a plurality of graphical button
materials to be overlaid with a motion picture, said

reproduction method comprising the steps of: decoding the

graphics stream; and displaying the interactive display
overlaid with the motion picture; wherein: the graphics stream
includes a plurality of graphics data sets each forming a group
of graphics data which renders a predetermined state of the

graphical button materials; the interactive display includes

a button material A and a button material B, the button

materials A, B 1i1ncluding an animated display, the graphics

data sets 1nclude a graphics data set G[An Bn] corresponding

to a normal state, a graphics data set G[As,Bs] corresponding
to a selected state and a graphics data set G[Aa,Ba]
corresponding to an active state, the graphics data set
G[An,Bn] corresponding to the normal state includes at least

graphics data An composing the normal state n of the button

material A and graphics data Bn composing the normal state n

of the button material B, the graphics data set G[As,Bs]

corresponding to the selected state includes at least graphics

data As composing the selected state s of the button material

A and graphics data Bs composing the selected state s of the

4f
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button material B, the graphics data set G[Aa,Ba]
corresponding to the active state 1includes at least graphics

data Aa composing the active state a of the button material A

and graphics data Ba composing the active state a of the button
material B, and the plurality of graphics data sets are
disposed 1n an order of the graphics data set G[An,Bn], the
graphics data set GJ[As,Bs], and the graphics data set G[Aa

Bal]; and the displaying step uses graphics data belonging to

the graphics data set G[An,Bn] corresponding to the normal

state and graphics data belonging to the graphics data set

G[As,Bs] corresponding to the selected state for presenting an

F

initial display of the interactive display, and uses graphics

data that, among the graphilics data belonging to the plurality

of graphics data sets G[An,Bn], G[As Bs] and G[Aa Ba] 1s not

used for the 1nitial display, for updating the 1interactive

display upon a user operation.

This further means that 1n a case where there 1s an

F

enormous amount of graphics data to be read/decoded, execution

of 1nitial display will not be delayed. According to this,

the 1nteractive display with animation can Dbe performed

without delay.

gro—

Brief Description of the Drawings

0

FIG. 1 1llustrates an 1interactive display composed of

anlmation.

-

FIG. Z2A 1llustrates an example of use of a recording

medium according to the present invention.
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FIG. 2B 1llustrates a key disposition on a remote
controller 400, through which a user operation directed to the
interactive display 1s received.

-

FIG. 3 1s a diagram showing a structure of a BD-ROM.

FIG. 4 is a diagram schematically illustrating a

4h
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structure of an AV Clip.

FIG.5 1is a diagram 1llustrating an internal structure
of Clip i1nformation.

FIG.6 1s a diagram illustrating an internal structure

5 of playlist information (PL information).

FIG.7 1s a diagram schematically showing an indirect
reference by means of PL information.

FIG.BA 1s a diagram i1llustrating a structure of the

interactive graphics stream.

10 FIG.8B 1sadilagram illustrating an internal structure
of each of an ICS and an ODS.
FIG.9 1s a diagram 1llustrating a logical structure
constituted by a various kind of functional segments.
FIG.10A 1s a diagram l1llustrating a data structure of
15 an ODS, which defines a graphics object.
FIG.10B 1s a diagram 1llustrating a data structure of

a PDS.

FIG.11 1s a diagram illustrating a data structure of
an Interactive Composition Segment.
20 FIG.12 1s a diagram 1llustrating a relation between
ODSs 1n a DSn and an ICS.
FIG.13 1s a diagram 1llustrating a screen composition
at a display timing of arbitrary picture data ptl.
FIG.1l4 1s a diagram illustrating a setting example of
25 button information in ICS.

FIG.15 1s a diagram illustrating one example of the

state transition of buttons A-D.

FIG.1l6 1s a diagram illustrating one example of the

5
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design 1mages of the ODS11l, 21, 31, and 41.

FIG.1l7 1s a diagram 1illustrating one example of the
design 1mages of the 0ODS11-19 of the button A.

FIG.18 1s a diagram i1llustrating one example of ICS
and ODS 1ncluded 1n a DS.

FIG.19 1s a diagram 1llustrating the order of ODSs
belonging to a Display Set, as well as button-state sets.

FIG.20 1s a diagram illustrating a state transition
of an i1nteractive display at which the button-state sets of

FIG.19 are disposed.

FIG.21 1s a diagram illustrating the order of ODSs in
a Dlsplay Set.

FIG.221isadiagramillustratingdifference inthe order
of ODSs in a S-0ODSs, between a case when
default selected _button number 1s “0”, andwhen i1t is “button
B” .

FIG.23A and FIG.23B are diagrams for showing the
concrete value for ) SIZE(DSn[ICS.BUTTON[1]]), 1n a case when
N-ODSs i1nclude a plurality of ODSs constituting the buttons

A-D, and S-0ODSs 1nclude a plurality of ODSs constituting the

buttons A-D.

FIG.24 1s a dlagram showlng a timing of synchronized

display by means of ICS.

FIG.25 1s a diagram showling how to set DTS and PTS,
1n a case when a plurality of ODSs compose an 1nitial display
of an interactive display and the

default_selected_button_number is valid.

FIG.26 1s a diagram showing how to set DTS and PTS,

S
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1n a case when a plurality of ODSs compose an initial display

of an interactive display, and the default selected button

1S 1nvalid.

FIG.27 1s a diagram showing the internal structure of

5 areproduction apparatus according to the present invention.

FIG.28 1s a diagram showing a storage content of the
object buffer 15, in contrast to the graphics plane 8.

FIG.29 1s a diagram showing the processing performed
by the graphics controller 17 at an initial display.

10 FIG.30 1s a dlagram showing processing of the graphics
controller 17 at anupdateof an interactivedisplayaccording
to lstUserAction(MoveRight).

FIG.31 1s a diagram showing processing of the graphics
controller 17 at anupdateof an interactivedisplayaccording

15 to 1lstUserAction (MoveDown).

FIG.32 1s a diagram showing processing of the graphics
controller 17 at an updateof an interactivedisplay according
to 1lstUserAction (Activated).

FIG.33 1s a timing chart showing pipelining performed

20 Dby the reproduction apparatus.

FFIG.34 1s a timing chart showing pipelining performed
by the reproduction apparatus in a case where the default

selected button dynamically changes.

FIG.35 1s a flowchart showing the execution procedure
25 for LinkPL function, performed by the control unit 20.
FIG.36 1s a flowcahart showing the procedure of loading
processing for Segment.

FIG.371isadlagramshowingoneexampleofmultiplexing.

7
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FIG.38 is a diagram showing the manner in which DS10

is loaded to the coded data buffer 13 of the reproduction

apparatus.

FIG.39 is a diagram showing a case in which a normal
5 reproduction 1is performed.
FIG.40 is a diagram showing how the loading of DSI1,
DS10, and DS20 is performed when a normal reproduction 1s
performed as 1in FIG.39.
FIG.41 1sa flowchart inwhichprocessingcorresponding
10 to the main routine in the processing of the graphics

controller 17 is described.

FIG.42 1s a flowchart showing the processing procedure
for synchronized control performed by means of a time stamp. '
FFIG.43 is a flowchart showing the procedure for writing
15 processing directed to the graphics plane 8.
FIG.44 1s a flowchart showing a processing procedure
for auto-activating a default selected button.
FIG.45 1s a flowchart showlng a processing procedure
for an animation display.
20 FIG.46 1is a flowchart showlng a processing procedure

of a UO processing.

FIG.47 1s a flowchart showing a procedure of changing

procéssing for a current button.

FIG.48 is a flowchart showling a procedure of numerical
25 1nputting processing.
FIG.49is a diagram showling a pipeline in a reproduction

apparatus, based on DTS, and PTS 1n PDS.

FIG.50 1s a diagram showing a meaning of an END during

3
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pipelining of the reproductlion apparatus.

FIG.51 1s a flowchart showing a production method of
a BD-ROM that relates to the second embodiment.

FIG.52 1s a diagram showling an internal structure of

5 PL i1nformation relating to the third embodliment.

FIG.53 18 a diagram schematically showing
synchronization of sub PlayItem according to
“sync_PlayItem_id,sync_start_PTS_of_PlayItem”.

FIG.54 1s a diagram showing file identification by way

10 of “Clip_Information_file_name” within the plavylist

information on an HD.

Best Mode for Carrying Out the Invention

(First Embodiment)

15 The following describes an embodiment of a recording
medium, relating to the present invention. Firstly, among
the embodiments of a recordingmediumaccording tothe present
invention, an example of how the recording medium is used
1s explained as follows. FIG.2A is a diagram illustrating

20 a use of the recording medium according to the present

invention. In FIG.2A, the recording medium of the present

invention is a BD-ROM 100. This BD-ROM 100 is used to supply
a movilie work to a Home Theatre‘ System structured by a
reproduction apparatus 200, a television 300, and a remote
25 controller 400. Among them, the remote controller 400 is
used to recelve an operation to change the state of the
interactive display, from a user, and is closely related to

the recording medium of the present invention. FIG.2B

9
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illustrates keys of the remote controller 400, through which
a user operation directed to the interactive display is
recelved. As shown in this drawing, the remote controller

400 1s provided with a MoveUp key, a MoveDown key, a MoveRight

5 Kkey, and aMoveLeft key. Here, thebuttons onthe interactive
display have three states: normal state; selected state: and
activestate. TheMoveUpkey, the MoveDown key, the MoveR1ight
key, and the MoveLeft key are used to receive a user operation
to change the state of the buttons into normal state-selected

10 state-active state. The normal state is a state in which

mere display 1s provided, whereas the selected state is a

e

state 1n which a focus is given according to a user operation,
but confirmation has not been received. The active state
1s a state in which confirmation is received. The MoveUp

15 key is for, when a button in the interactive dlsplay 1s in

a selected state, settingabutton above this selected button,
to be 1n a selected state. The MoveDown key is for setting
a button below this selected button tobe in a selected state.

The MoveRight key is for setting a key on the right of the

20 selected key to be in a selected state, and the MoveLeft key

1s for setting a key on the left of the selected key to be

1n a selected state.

The Activated key is for setting the selected button

to be 1n an active state (i.e. to activate). Numerical keys
25 "0"-"9” are for setting a button to which a corresponding
number is assigned, to be in a selected state. “+10” key
1s for receivingan operationtoadd 10 to the already inputted

numerical values. It should be noted here that “0” key and

10
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“+10” key are both for receiving input of numerical value
of no smaller than 10 digits. Therefore any one of them 1s

enough for the remote controller 400.

Sofar, thedescriptionisabout howtherecordingmedium

of the present invention is used.

As follows, among the embodiments of the recording
medium of the present invention, a production examplé 1S
explained. The recording medium of the present invention
is produced by improving the application layer of a BD-ROM.

FIG.3 is a diagram showing a structure of a BD-ROM.

In the drawing, the BD-ROM is shown at a fourth row
of the drawing, and a track on the BD-ROM 1s shown 1in the
third row. The track is actually in a spiral shape on the
disk, but shownasalineextendinginthe lengthwisedirection
of the drawing. The track includes a lead-1n area, a volume
area, and a lead-out area. The volume area in this drawiling
has a physical layer, a file system layer, and an application
layer. Inthe first rowof thedrawing, anapplication format
of the BD-ROM is i1llustrated using a directory structure.
As illustrated in the drawing, the BD-ROM has a directory
BDMV under the root directory, and the BDMVdirectory contains
such files as XXX.M2TS, XXX.CLPI, and YYY.MPLS. By forming

the above application format, it is possible to produce the

recording medium according to the present invention. 1In a
case in which there is more than one file for each kind, it
is preferable to provide three directories named STREAM,
CLIPINF, and PLAYLIST under the BDMV to store the filesn’ with
the same extension in one directory. Specifically, 1t 1s

desirable to store the files with the extension M2TS 1n the

11
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STREAM, the files with the extension CLPI in the CLIPINF,

and the files with the extension MPLS in the PLAYLIST.

As follows, each file in the application format is

explained. Firstly, an explanation about the AV Clip
5 (XXX .M2TS) 1s given.

The AV Clip (XXX.M2TS) is a digital stream in MPEG-TS

format (TS is Transport Stream) obtained by multiplexing a
video stream, at least one audio stream, a presentation
graphics stream, and an interactive graphics stream. The
10 video stream represents motion pictures of the movie, the
audio stream represents sound of the movie, the presentation
graphics stream represents subtitles of the movie, and the
interactive graphics stream represents dynamic reproduction
control procedure directed to menus. FIG.4 is a diagram
15 schematically illustrating a structure of the AV Clip.

The AV Clip (middle row) is structured in a following

manner. A video stream made of plural vide frames (pictures

PJl, pj2, and pj3), and an audio stream made of plural audio

frames (top row of the drawing) are respectively converted
20 1into a PES packet sequence (second to top row of the drawing),
and then into a TS packet sequence (third to top row of the

drawing). Then a presentation graphics stream and an

interactive graphics stream (bottom row of the drawing) are

converted into a PES packet sequence (second to bottom row

25 of the drawing), and then into a TS packet sequence (third

to bottom row of the drawing). The TS packet sequences are

multiplexed, to obtain the AV Clip.

The AV Clip constituted in the above manner is divided
1nto more than one extent, like ordinary computer files, and

30 stored 1n areas in the BD-ROM. The AV Clip is made of one
12
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or more ACCESS UNITs. Each ACCESS UNIT functions as a unit
of random access, as well as a decoding unit starting with
an Intra (I) picture.

Clip information (XXX.CLPI) is management information
for an AV Clip. FIG.5 1is a diagram illustrating an internal

_

structure of the Clip information. Since an AV Clip 1is

obtalned by multiplexing a video stream and an audio stream,
and has ACCESS UNITS that each functions as a unit of random
access, specific items managed by the Clip information are:
attributes of each of the video stream and the audio stream;

and at which position in the AV Clip a random access point

exists.
In the drawing, the broken leader 1lines help clarify

a structure of the Clip information. As the leader line hnl
shows, the Clip information (XXX.CLPI) 1is comprised of:
Yattribute information” about the video stream and the audio
stream; and “EP_map” being a reference table used in making
a random access to the ACCESS UNITs.

As the leader 1ine hn2 shows, the attribute 1nformation
(“"Attribute”) iscomprisedof: *“Videoattribute information”
that 1s attribute information on a video stream; “Number”
indicating the number of sets of attribute information; and
“audio attribute information #1-#m” that each representing
attribute information for a corresponding one of a plurality
of audio streams to be multiplexed onto the AV Clip. As the
leader line hn3 shows, the Video attribute information
indicates what kind of compression method was employed to
compress the video stream (Coding), and a resolution

(Resolution), an aspect ratio (Aspect), and a frame rate

13
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(Framerate) for each set of picture data constituting the

video stream.

As the leader 1line hn4d shows, audio attribute

information #1-#m (attributeinformationontheaudiostream)

indicates what kind of compression method was employed to

compress the audio stream (Coding), a channel of the audio
stream (Ch.), which language the audio stream corresponds
to (Lang), and a sampling frequency of the audio stream.

EP_map lsareferencetableused forperforming indirect
reference to the addresses of a plurality of random access
points, using time information. Astheleader linehnb5 shows,
the EP_map 1s comprised of: a plurality of sets of entry

information (ACCESSUNIT#1 entry, ACCESSUNIT#2entry, ACCESS

UNIT#3 entry..), and entry number (Number). As the leader

line hn6é shows, each entry indicates a reproduction start
time of a corresponding ACCESS UNIT and the address of the
ACCESS UNIT, 1n associlation (Note that it 1s possible to enter
the size of the first I picture in the ACCESS UNIT (I-size)).
A reproduction start time of an ACCESS UNIT 1s expressed by
a time stamp of picture data positioned at the beginning of

the ACCESS UNIT (presentation time stamp). In addition, an

address of an ACCESS UNIT is expressed by a serial number

of a corresponding TS packet (SPN(Source Packet Number)).
In coding, the variable length coding compression method is
adopted. Therefore, even if there are varieties in size and

reproduction time between each ACCESS UNIT including GOP,

1t becomes possible to perform random access, from any

reproduction time, to the picture data of the ACCESS UNIT
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corresponding to a destination reproduction time, by
referring to the entry of this ACCESS UNIT.

Note that the file name XXX in XXX.CLPI 1s identical
to the name of an AV Clip whose Clip information matches.
For example, the file name of the AV Clip in this drawing
1s XXX, andso 1t corresponds tothe AVClip (XXX.M2TS). Next,
playlist information (PL information) 1s explalned.

YYY.MPLS (playlist information) 18 a table
constitutingaplaylist being reproductionpathinformation,
and 1s comprised of a plurality of pieces of PlayItem
information (PlayIteminformation#1l, #2,E3..#n), andPlayItem

information number (Number). FIG.6 1s a diagram

4

1llustrating an internal structure of playlist information.

One pleceof PlayItem information defines one or more logical

reproduction sections that constitute a plavlist. The
leader line hsl in the drawing helps clarify a structure of
onepieceof PlayItem information. Asthisleader line shows,
the piece of PlayItem 1information 1s comprised of:
“Clip_Information_file_name” representing a file name of
reproduction section information of an AV Clip to which the
In-poilnt and Out-point of the reproduction section belongs;

“Clip_codec_1identifier” representing a coding method used

to encode the AV Clip; “IN_time” being time information

indicating a start point of the reproduction section; and

“OUT_point” beingtime information indicatinganendingpoint

of the reproduction section.

The PlayItem information 1s characterized by its

notationmethod. Specifically, inthePlayIteminformation,

15
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reproduction sections aredefined i1n an indirect way by means
of time, using the EP_map as a reference table. FIG.7 is
adiagramschematically illustrating this indirect reference.
In this drawing, an AV Clip is comprised of a plurality of
ACCESS UNITs. The EP_map of the Clip information specifies

the addresses of the ACCESS UNITs as shown by the arrows avyl,

2, 3, and 4. The arrows Jjyl, 2, 3, and 4 schematically show
how the pieces of PlayItem information are used to make a
reference to the ACCESS UNITs. In other words, reference
made by means of the pieces of PlayItem i1nformation (1l.e.

the arrows 3y 1, 2, 3, and 4) 1s able to speclify the addresses
of ACCESS UNITs within the AV Clip, via the EP_map, and soO
can be regarded as an indirect reference using time concept
by means of EP_map.

A reproduction section on a BD-ROM, comprised of a
combination of PlayItem information, Clip information, and
AV Clip is called “PlayItem”. A logical reproduction unit
on a BD-ROM, comprised of a combination of PL information,
Clip information, and AV Clip 18 called
“‘plavlist” (abbreviated as PL). A movile work recorded 1n a
BD-ROM is structured by such logical reproductionunits (1.e.
PL). Therefore, it is easy to produce another movie work
made of all the scenes with a character, by defining PLs
speclfying scenes with the character.

Because movie works recorded 1n BD-ROMs have the
aforementioned logical structure, quoting of an AV Clip

constituting a scene of a movie work in another movie work

can be efficiently pertormed.

16
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Next, the interactive graphics stream is described.

FIG.B8A 1s a diagram illustrating a structure of the

interactive graphics stream. The first row represents a TS

packet sequence constituting the AV Clip. The second row

represents a PES packet sequence constituting the graphics

stream. The PES packet sequence in the second row 1is

structured by extracting payloads from TS packets of the first

row that include a predetermined PID, and then linking the
extracted payloads together. Note that the presentation

graphics stream is not a main focus of the present invention,

and so 1s not explalned here.

The third row represents the structure of the graphics
stream. The graphics stream is made of functional segments
of: ICS(Interactive Composition Segment); PDS (Palette
Definition Segment); ODS (Object_Definition_Segment), and

END (END of Display Set Segment). Among these functional

segments, ICS 1s called a display composition segment, and

PDS, ODS, and END arerespectivelycalledadefinition segment.
The PES packet and each of the functional segments correspond

one To one, or one to plurality. In other words, one
functional segment is either recorded in the BD-ROM after

converted intoone PES packet, orafterdivided into fragments

and converted 1nto more than one PES packet.

FIG.8B 1s a diagram illustrating PES packets obtained
by converting the functional segments. As FIG.8B shows, a
PES packet 1s made of a packet header and a payloa;i, where
the payload 1s the substance of a functional segment. 1In

addition, the packet header includes a DTS and a PTS
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corresponding to this functional segment. Hereinafter, DTS

and PTS 1ncluded 1n a packet header are referred to as DTS

and PTS of a functional segment.

These various kinds of functional segments constitute

5 a logical structure as shown in FIG.9. 1In this drawing, the

third row represents functional segments, the second row

represents Display Sets, and the first row represents Epochs.

The second row 1s a collection of Display Sets

(abbreviated as “DS” ), each of which corresponds to graphics

10 that make up one screen of graphics. The broken line in the

drawlng indicates to which DS the functional s