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ABSTRACT

A BD-ROM stores a video stream and a graphics stream. The
Video stream represents a moving picture. The graphics
stream is used for overlaying a multi-page menu on the mov
ing picture, and includes interactive control information
(ICS) and graphics data (ODS) used for generating the multi
page menu. A PTS attached to a PES packet containing the
interactive control information shows timing for the first pre
sentation of a main page the multi-page menu in accordance
with the proceeding of the video stream playback. In addition,
the interactive control information includes information (se
lection time out pts) showing a timeout upon which a but
ton on a page of the multi-page menu is automatically acti
vated, and information (user time out duration) showing a
timeout upon which a sub-page of the multi-page menu is
automatically removed.
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RECORDING MEDIUM, PLAYBACK
APPARATUS AND METHOD, RECORDING
METHOD, AND COMPUTER-READABLE
PROGRAM
TECHNICAL FIELD

0001. The present invention relates to a field of user inter
face control. More particularly, the present invention relates
to improvements in recording mediums used for consumer
movie distribution, as well as in consumer playback appara
tuses having a user interface for playback of the recording
mediums.
BACKGROUND ART

0002. A user interface using a menu structure is an essen
tial function for receiving user operations, such as selection of
languages and chapters for playback.
0003. When a movie offers a number of user-selectable
options such as chapters, there may be a case where all the
options can not be presented on a single screen display.
Accordingly, there is a demand for a multi-page menu with
which multiple pages are sequentially presented in response
to user operations, so that numerous options are appropriately
presented on respective pages of the menu.
0004. Unfortunately, however, if too many pages are dis
played, those pages occupy a large portion of the screen,
thereby interfering with viewing the main movie also dis
played on the screen. Such a problem can be avoided if a user
repeatedly makes operations for removing each page that is
no longer of his interest. However, the need to make such
troublesome operations over and over may be another factor
bothering the user watching the movie.
0005. In addition, the interactive control that a DVD pro
vides has the following disadvantage. For each menu page to
be displayed, an access needs to be made to the DVD to read
page information. Because of the access, the menu page can
not be displayed without interruption to video playback. The
interruption makes it difficult for the user to concentrate on,
and enjoy the movie.
DISCLOSURE OF THE INVENTION

0006. The present invention aims to provide a recording
medium Supporting presentation of multi-page menus which
will not interfere with the video playback.
0007 To achieve the above aim, the present invention
provides a recording medium having a video stream and a
graphics stream recorded thereon. The video stream repre
sents a moving picture made up of a plurality of pictures. The
graphic stream is used for overlaying a multi-page menu on
the moving picture, and includes interactive control informa
tion and graphics data. The graphics data is used for generat
ing the multi-page menu. The interactive control information
includes time information used for controlling behavior of the
multi-page menu in accordance with a playback proceeding
of the video stream.

0008 According to the recording medium having the
above structure, the interactive control information multi

plexed in the graphics stream includes control information.
The control information defines the multi-page menu behav
ior in accordance with the proceeding of the movie playback.
This structure makes it possible to automatically present a
number of pages during the time the movie playback is show
ing scenery, for example. In addition, it is also possible to
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automatically remove the pages from the screen when the
movie playback reaches a climax Scene. With Such control,
the multi-page menu is presented without interfering with
viewing the movie playback. Consequently, the user can
enjoy the convenience provided by the multi-page menus,
while watching the movie playback without obstructive dis
play.
0009. In addition, the information used for controlling the
multi-page menu behavior is included in the graphics stream,
and the graphics stream is multiplexed with the video stream.
This structure allows a playback apparatus to read the infor
mation needed for presentation of the multi-page menu, with
out interrupting the video stream reading. Thus, pages of the
multi-page menu are Smoothly presented in synchronization
with the video frame rate.
BRIEF DESCRIPTION OF THE DRAWINGS

0010 FIG. 1 is a view showing a usage pattern of a record
ing medium according to the present invention;
0011 FIG. 2 is a view showing an example structure of a
BD-ROM;

0012 FIG.3 is a view schematically showing the structure
of an AV Clip;
0013 FIG. 4A is a view showing the structure of an inter
active graphics stream;
0014 FIG. 4B is a view showing PES packets carrying
functional segments;
0015 FIG. 5 is a view showing the logical structure
defined by various types of functional segments;
0016 FIG. 6 is a view showing the time axis of AV clip
playback to which a DS is allocated;
(0017 FIGS. 7A and 7B are views showing the relations
between interactive composition structures and ICSS;
0018 FIG. 8 is a view showing the internal structure of an
ICS:

0019 FIG. 9 is a view showing the processing performed
on an ICS in the case where a stream model field shows a

“Multiplexed' type:
0020 FIG. 10 is a view showing the processing performed
on an ICS in the case where the stream model field shows a

“Preload' type:
0021 FIG. 11 is a timing chart illustrating the functions of
selection time out pts and composition time out pts
fields in an ICS belonging to the DS in the case where the
DS, is an Epoch Start DS (n=1);
0022 FIG. 12A is a view showing the state transition of a
Multi-page menu when a Pop-Up U/I is used;
0023 FIG.12B is a view showing the state transition of the
Multi-page menu when an Always-On U/I is used;
0024 FIG. 13 is the display scenario incorporating the
Multi-Page menu:
(0025 FIGS. 14A-14C show a display example defined by
the selection time out pts;
(0026 FIGS. 15A-15D show a display example defined by
the user time out duration;

0027 FIG. 16 is a view showing the internal structure of
page information associated with an arbitrary one of multiple

pages (x" page) of the Multi-Page Menu:

0028 FIG. 17 is a view showing the state transition of
buttons O-A, O-B, O-C, and O-D;

0029 FIG. 18 is a view showing an example of the button
info description defining the button State transition shown in
FIG. 17:
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0030 FIG. 19 is a view showing graphical images derived
from ODSs 11-19;

0031

FIG. 20 is a view showing an effect sequence struc

ture;

0032 FIG.21A is a view schematically illustrating how an
effect duration is determined;

0033 FIG. 21B shows an equation for calculating the
effect duration;

0034 FIG. 22 is a view showing a specific example of an
in-effect animation;

0035 FIG. 23 is a view showing an out-effect animation
presented in accordance with the window width, window
height, and effect duration field values;
0036 FIG.24 is a view showing the internal structure of an
arbitrary composition object(i) in detail;
0037 FIG. 25 is a view showing a specific example of an
in-effect presenting a Right-Scroll animation effect;
0038 FIG. 26 is a view showing an example of the com
position object (0) structure realizing the in-effect shown in
FIG. 25:

0039 FIG. 27 is a view showing an example of the com
position object(1) structure realizing the in-effect shown in
FIG. 25:

0040 FIG. 28 is a view showing an example of the com
position object(2) structure realizing the in-effect shown in
FIG. 25:

0041 FIG. 29 is a view showing an example of the com
position object(3) structure realizing the in-effect shown in
FIG. 25:

0042 FIG.30 is a view showing the order of ODSs within
the DS:
0043 FIG. 31 is a view showing how the order of ODSs
within S-ODSs differs between the cases where the default
selected button id ref field is set to "00 and to the valid

value specifying a button B;
0044 FIG.32A is a view showing a LASTODSPTS in the
case where the default selected button is statically deter
mined;

004.5 FIG.32B is a view showing a LASTODSPTS in the
case where the default selected button is dynamically deter
mined;

0046 FIG.33A is a view showing a LASTODSPTS in the
case where the DS includes no ODS associated with the

selected State;

0047 FIG.33B is a view showing a LASTODSPTS in the
case where the DS includes no ODS associated with the

normal state;

0048 FIG.33C is a view showing a LASTODSPTS in the
case where the DS includes no ODS at all;

0049 FIG.34A is a view showing an algorithm for obtain
ing the DECODEDURATION value from the value calcu
lated by LASTODSPTS (DS)-DTS (DSICSI) and the
value of PLANECLERATIME:

0050 FIGS.34B and 34C are views showing examples of
how to calculate the DECODEDURATION value;

0051 FIG. 35A is a view showing an equation for calcu
lating the EFFECTTD;
0052 FIG. 35B is a view showing an equation for calcu
lating the PAGDEFAULTTD in the case where no in-effect is
provided and the default selected button is statically deter
mined;
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0053 FIG. 35C is a view showing an equation for calcu
lating the PAGENODEFAULTTD in the case where no in
effect is provided and the default selected button is dynami
cally determined;
0054 FIG. 36 is a view showing an algorithm for selec
tively determining one of EFFECTTD, PAGEDEFAULTTD,
and PAGENODEFAULTTD as TRANSFERDURATION:

0055 FIG.37 is a view showing the internal structure of a
playback apparatus according to the present invention;
0056 FIG. 38A is a flowchart of “procedure when play
back condition is changed, preformed with respect to a PSR
11:

0057 FIG.38B is a flowchart of “procedure when change
is requested, preformed with respect to the PSR 11:
0058 FIG. 39A is a flowchart of “procedure when play
back condition is changed, performed with respect to a PSR
10:

0059 FIG. 39B is a flowchart of “procedure when change
is requested, performed with respect to the PSR 10;
0060 FIG. 40 is a view illustrating the internal structure of
an I-Graphics decoder 9:
0061 FIG. 41 is a flowchart of the main routine of the
procedure performed by a graphics controller 37;
0062 FIG. 42 is a flowchart of the procedure for the first
presentation;
0063 FIG. 43 is a flowchart of the procedure for playback
of an in-effect animation;

0064 FIG. 44 is a flowchart of the display update proce
dure for presentation buttons in animation;
0065 FIG.45 is a flowchart of the procedure for executing
a navigation command;
0.066 FIG. 46 shows the procedure for processing a UO;
0067 FIG. 47 is a flowchart of the current button change
procedure;
0068 FIG. 48 is a flowchart of the procedure for auto
activation of a button; and

0069 FIG. 49 is a flowchart of the manufacturing process
of the BD-ROMs according to the first to fifth embodiments.
BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

0070 Hereinafter, a description is given to an embodiment
of a recording medium according to the present invention.
First of all, a description is given to usage of the recording
medium, which is one form of practicing the present inven
tion. FIG. 1 shows a usage pattern of the recording medium
according to the present invention. In the figure, a BD-ROM
100 is are cording medium according to the present invention.
The BD-ROM 100 is used for providing movies to a home
theater system composed of a playback apparatus 200, a
remote controller 300, and a television 400.

0071. This concludes the description of the usage of
recording medium according to the present invention. Next, a
description is given to production of the recording medium,
which is anotherform of practicing the present invention. The
recording medium can be embodied by making improve
ments to an application layer of a BD-ROM. FIG. 2 shows an
example structure of the BD-ROM 100.
(0072. In the figure, the BD-ROM 100 is shown on the
fourth level, and a BD-ROM's track is shown on the third

level. The track is stretched out into a straight line in the
figure, although the track in practice spirals outwards from
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the center of the BD-ROM. The track is composed of a lead-in
area, a Volume area, and a lead-out area. The Volume area has

a layer model of a physical layer, a file system layer, and an
application layer. The first level shows, in a directory struc
ture, a format of the application layer (application format) of
the BD-ROM.

0073. The first level shows the format of the application
layer (application format). In the figure, the BD-ROM has a
ROOT directory, and a BDMV directory under the ROOT
directory, and a STREAM directory under the BDMV direc

tory.

0074 The STREAM directory contains an AV clip and
Sub clips. The AV clip and Sub clips are contained in files in
the STREAM directory, such as “00001.m2ts”, “00002.
m2ts', and “00003.m2ts'. Each file in the STREAM direc

tory has a filename of a unified format, “XXXXX.m2ts' where
X is an arbitrary integer.
<AV Clip Structure>
0075 Now, a description is given to the AV clip. FIG.3 is
a view schematically showing the structure of the AV Clip.
0076. In the drawing, the middle level shows the AV clip.
This AV clip can be created as follows. The video stream
made up of a plurality of video frames (pictures p1, p.2, p.3.
. . . ) and the audio stream made up of a plurality of audio
frames both shown on the upper first level are separately
converted to PES packets shown on the upper second level,
and further converted to TS packets shown on the upper third
level. Likewise, the presentation graphics stream (hereinafter,
“PG stream’) and the interactive graphics stream (hereinafter,
“IG stream') both shown on the lower first level are sepa
rately converted to PES packets shown on the lower second
level, and further converted to TS packets shown on the lower
third level. These TS packets of the video, audio, PG and IG
streams are multiplexed to form the AV clip.
0077. The PG and IG streams are data in stream format
used for compositing graphics with each picture of the video
stream. An entity of data carried by the PG and IG streams for
overlaying on a picture is referred to as a 'graphics object’.
0078. The PG stream is a graphics stream used for presen
tation of Subtitles using the graphics objects.
007.9 The IG stream is a graphics stream used for interac
tive presentation of the graphics objects. This concludes the
description of the AV clip structure. Next, a description is
given to the AV clip and the Sub clips. The Sub clips are not
multiplexed. Rather, the Sub clips are files exclusively con
taining the IG stream, audio stream, and text data. The IG
stream stored as a Sub clip is loaded to a memory in advance
for synchronous playback with an AV clip. This operation of
loading a Sub clip to a memory in advance is referred to as
“preloading.
0080 Next, a description is given to the IG stream. FIG.
4A is a view showing the structure of the IG stream. On the
first level, a string of TS packets constituting the AV clip is
shown. On the second level, a string of PES packets consti
tuting the graphics stream is shown. The PES packets shown
on the second level are formed by concatenating payloads of
TS packets having a predetermined PID within the TS packet
string shown on the first level. Note that no further description
is given to the PG stream because it is not the gist of the
present invention.
0081. On the third level, the structure of graphics stream is
shown. The graphics stream is composed of functional seg
ments that include an ICS (Interactive Composition Seg
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ment), a PDS (Palette Definition Segment), an ODS (Object
Definition Segment), and an END (End of Display Set Seg
ment). Of these functional segments, the ICS is a display
composition segment, whereas the PDS. ODS, and END are
definition segments. Each functional segment is either in
one-to-one or one-to-multiple correspondence with PES
packets. That is, one functional segment is recorded on the
BD-ROM 100 after being converted to a single PES packet, or
fragmented and converted to a plurality of PES packets.
I0082 Hereinafter, a description is given one by one to
those functional segments.
I0083. The ICS is a functional segment used to define an
interactive display composition of graphics. One example of
the interactive display composition is a Multi-Page menu.
I0084. The ODS is a run-length encoded graphics object
composed of a plurality of pieces of run-length data. The
run-length data expresses a pixel string using a Pixel Code
which shows a pixel value and a continuous length of the pixel
value. The Pixel Code is an 8-bit value showing one of the
values from 1 to 255. Through the use of this Pixel Code, the
run-length data sets arbitrary 256 pixel colors out of full color
(16,777,216 colors).
I0085. The PDS is a functional segment storing pallet data.
The pallet data shows combinations of Pixel Codes of 1 to 255
and pixel values. The pixel value used herein is made up of a
red color difference component (Cr value), a blue color dif
ference component (Cb value), a luminance component (Y
value), and a transparency (T value). Substituting a Pixel
Code of each piece of run-length data into a pixel value shown
by the palette data produces a color.
I0086. The END provides an explicit indication that the
transmission of functional segments is complete. The END is
inserted into the graphics stream as the last segment. This
concludes the description of each functional segment.
I0087 FIG. 4B is a view showing PES packets carrying
functional segments. As shown in the figure, each PES packet
is composed of a packet header and a payload. The payload is
an entity carrying a functional segment, and the packet header
carries a DTS and a PTS associated with the functional seg
ment. Hereinafter, a DTS and a PTS in a packet header of a
PES packet carrying a functional segment are simply
described as a DTS and a PTS of that functional segment.
I0088. These various types of functional segments define a
logical structure such as the one shown in FIG. 5. In the
drawing, the first level shows Epochs, the second level shows
DSs (Display Sets), and the third level shows types of the
DSs. The functional segments shown on the third level in FIG.
4A is shown on the fourth level in this figure.
I0089. An Epoch on the first level refers to one time unit of
continuous memory management on a time axis of the AV clip
playback, and also refers to a group of data allocated to that
time unit. Memory mentioned herein includes a graphics
plane for storing one screen of graphics objects and an object
buffer for storing uncompressed graphics data. Continuous
memory management means that neither the graphics plane
nor the object buffer is flushed throughout the Epoch, and that
clearing and rendering of graphics are performed only within
a predetermined rectangular area on the graphics plane (to
flush means to clear the entire graphics plane or the entire
object buffer). The size and position of this rectangular area
are fixed throughout the Epoch. As long as clearing and ren
dering of graphics are performed within this fixed rectangular
area on the graphics plane, seamless playback is guaranteed.
In other words, the Epoch is a time unit of seamless playback
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on the time axis of the AV clip playback. To change the
graphics clearing/rendering area on the graphics plane, it is
necessary to define a point on the playback time axis at which
the change is effected and to set a new Epoch from the point
onward. In this case, the boundary between two Epochs is not
seamless.

0090 The seamless playback mentioned herein means
that the clearing and rendering of graphics are each com
pleted with a predetermined number of video frames. In the
case of IG stream, the number of video frames is four to five.
The number of video frames is determined based on the ratio

of the fixed rectangular area to the entire graphics plane and
the transfer rate between the object buffer and the graphics
plane.
0091 ADS on the second level is a group of functional
segments included in the graphics stream and provides one
complete display composition. In FIG. 5, dashed lines hk1
show to whichEpoch the DSs on the second level belong. The
DS, DS, DS. . . . . and DS are shown to belong to the first
Epoch on the first level.
0092. The third level shows the types of DSs. The first DS
in an Epoch is an “Epoch Start DS. Each DS other then the
first one in the Epoch is either an “Acquisition Point DS, a
“Normal Case'. DS, or an “Epoch Continue” DS. Though the
DSs are shown in the order of Acquisition Point, Normal
Case, and Epoch Continue, this order is merely an example
and the DSs may be arranged in a different order.
0093. The Epoch Start DS provides a display effect “new
display', and indicates a start of a new Epoch. Thus, the
Epoch Start DS contains all functional segments necessary
for the next screen composition. The Epoch Start DS is pro
vided at a point to which a skip operation is likely to be made,
Such as a start of a chapter in a movie.
0094. The Acquisition Point DS provides a display effect
“display refresh', and is identical in contents to the preceding
Epoch Start DS. The Acquisition Point DS is not the start of
the Epoch, but contains all functional segments necessary for
the next screen composition. Therefore, graphics can be dis
played reliably when playback is started from the Acquisition
Point DS. That is to say, the Acquisition Point DS enables a
display composition to be made from a midpoint in the
Epoch.
0095. The Acquisition Point DS is provided at a point to
which a skip operation may be made, such as a point that may
be designated by a time search. The time search is an opera
tion of locating a playbackpoint corresponding to a time input
by a user in minutes/seconds. The time input is made in a
relatively large unit Such as ten minutes and ten seconds.
Accordingly, the Acquisition Point DS is provided at a point
that can be designated by a time search made in units of 10
minutes and 10 seconds. By providing the Acquisition Point
DS at Such a point that can be designated by a time search,
playback of the graphics stream can be smoothly carried out
when a time search is conducted.

0096. The Normal Case DS provides a display effect "dis
play update', and contains only a difference from the imme
diately preceding display composition. For example, if a DS
is identical in contents to an immediately preceding DS, but
different in display composition, the DS is a Normal Case DS
which contains only an ICS or an ODS. This eliminates the
need to provide overlapping ODSs in DSs, so that the amount
of data Stored on the BD-ROM 100 is reduced. Since the
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Normal Case DS contains the difference without the overlap
ping data, no display composition can be displayed with the
Normal Case DS alone.

(0097. The Epoch Continue DS indicates at the start of an
AV clip that one Epoch continues from a different AV clip. For
example, a DS, contains a composition state, field having a
value indicating "Epoch Continue’. In this case, the DS,
belongs to the same Epoch as an immediately preceding
DS, even if the two DSs are on different AV clips. Since the
DS, and DS, belong to the same Epoch, there will be no
flushing of the graphics plane and of the object buffer even if
there is a boundary of AV clips between the two DSs.
0098. In FIG. 5, dashed lines kZ1 show to which DS the
functional segments on the fourth level belong. Since the
functional segments shown in FIGS. 4A and 5 are the same, it
is known that the functional segments shown in FIG. 4A
belong to the Epoch Start DS. Functional segments belonging
to the Acquisition Point DS are identical to those belonging to
the Epoch Start DS. In addition, functional segments belong
ing to the Normal Case DS are identical to those belonging to
the Epoch Start DS, except that some of the functional seg
ments are omitted in the Normal Case DS.

0099. This concludes the description of the logical struc
ture defined by the functional segments. Next, a description is
given to the allocation of DSs having such an ICS and ODSs,
to the time axis of AV clip playback. Since the Epoch is a time
unit of continuous memory management and includes one or
more DSs, it is important how those DSs are allocated to the
time axis of the AV clip playback. Note that the “time axis of
the AV clip playback” refers to the time axis used for defining
the decode timing and playback timing of individual pictures
multiplexed in the AV clip. The decode timing and playback
timing are expressed in the time accuracy of 90 KHZ. The
DTS and PTS of an ICS or of an ODS within a DS show the

timing based on which the synchronous control is realized.
DSs are allocated to the time axis of the AV clip playback by
carrying out the synchronous control in accordance with each
DTS and PTS attached to an ICS and to an ODS.

0100 Suppose an arbitrary one of DSs within an Epoch is
denoted as a DS, and that the DS, is allocated to the time axis
of the AV clip playback based on the DTS and PTS set as
shown in FIG. 6.

0101 FIG. 6 shows the time axis of AV clip playback to
which the DS is allocated. In the figure, the duration of DS,
starts at the time shown by the value of DTS of the ICS
belonging to the DS (DTS (DSICSI)), and ends at the time
shown by the value of PTS of the END belonging to the DS,
(PTS(DSICSI)). The display timing for the first presenta
tion of the DS, is shown by the value of PTS of the ICS(PTS
(DSIICSI)). By adjusting the PTS (DSIICSI) value to cor
respond to the display timing of a desired picture within the
video stream, the first presentation of the DS will be syn
chronized with the video stream.

0102) The PTS(DSICSI) value is the sum of the time
taken for decoding the ODS (DECODEDURATION) and the
time taken for transferring the decoded graphics object
(TRANSFERDURATION).
0103) The decoding of ODS needed for the first presenta
tion is completed within the DECODEDURATION. The
duration mc1 shown in FIG. 6 is the time required for decod
ing an ODS, an arbitrary one of ODSs within the DS. The
start of the decode duration mc1 is shown by the value of
DTS(ODSODS), and the end of the decode duration mc1
is shown by the value of PTS (ODSODS).
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0104. An Epoch is defined by allocating every ODS within
the Epoch to the time axis AV playback as described above.
This concludes the description of the allocation to the time
axis of AV playback.
0105. One feature of the first embodiment is to control the
behavior of a Multi-page menu in accordance with the pro
ceeding of AV playback. The novel structure realizing the
feature resides in an interactive composition structure pro
vided in the ICS. Hereinafter, a description is given to the
interactive composition structure.
0106 FIGS. 7A and 7B are views showing the relations
between the interactive composition structures and the ICSs.
The interactive composition structure and the ICS may be in
one-to-one correspondence as shown in FIG. 7A, or one-to
multiple correspondence as shown in FIG. 7B.
0107 The one-to-one correspondence is applicable to the
case where the interactive composition structure is Small
enough to be contained in one ICS.
0108. The one-to-multiple correspondence is applicable
to the case where the interactive composition structure is too
large in size to be carried by one ICS and thus fragmented to
be stored in multiple ICSs. Since the interactive composition
structure can be fragmented to be stored in multiple ICSS,
there is no restriction imposed on the size of interactive
composition structure. The interactive composition structure
may be as large as 512 Kbytes, 1 Mbyte, or any number of
bytes. As above, one interactive composition structure may
correspond to multiple ICSs. For the simplicity sake, how
ever, a description hereinafter is given on precondition that
the ICS and interactive composition structure is in one-to
one correspondence.
0109 FIG. 8 is a view showing the internal structure of an
ICS. The ICS contains one interactive composition structure
or a fragment of one interactive composition structure. As
shown in the left part of FIG. 8, the ICS is composed of the
following fields: “segment descriptor showing the segment
type “ICS”; “video descriptor showing the width and height
of the video plane in pixels and the frame rate of the associ
ated video stream; “composition descriptor showing the
composition state, which is information showing the type of
DS to which the ICS belongs is whether a Normal Case DS, an
Acquisition Point DS, an Epoch Start DS, or an Effect Se
quence; and “interactive composition data fragment'
showing that whether the ICS is carrying an entire interac
tive composition structure or a fragment of interactive com
position structure.
0110. As indicated by an arrow cu1, FIG. 8 shows the
internal structure of an interactive composition structure in
detail. The interactive composition structure is composed of
the following fields: “interactive composition length',
'stream model”, “user interface model”, “composition
time out pts”, “selection time out pts”, “user time out
duration', 'page information (1), (2) ... (i) ... (number of
page-1) for each page of the Multi-Page menu available for
presentation.
0111. The interactive composition length field shows the
length of the interactive composition structure.
0112 The “stream model field shows the type of stream
model of the associated interactive composition structure.
The stream model shows how the interactive composition
structure is stored on the BD-ROM and how the data is to be

processed by a buffer (referred to as a “composition buffer')
on a playback apparatus. Specifically, the stream model
shows whether (i) the graphics stream is multiplexed with an
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AV clip and separated to be loaded to the composition buffer
or (ii) agraphics stream is stored as a Sub clip in a separate file
from the AV clip and preloaded to the composition buffer. The
stream model field is provided in the interactive composi
tion structure because the composition buffer needs to per
form different processing depending on whether the interac
tive composition structure is preloaded or multiplexed. FIG.
9 is a view showing the processing performed on the “Mul
tiplexed ICS. In the figure, the video stream multiplexed in
the AV clip is shown on the fourth level, and the graphic
stream multiplexed in the AV clip is shown on the third level.
The graphics stream includes three DSs, which are a DS, a
DS, and DSs. The second level shows the proceeding of AV
playback. The first level shows contents stored in the compo
sition buffer at different times of the AV playback. When the
current playback point reaches the beginning of DS multi
plexed in the AV clip, the DS is loaded to the composition
buffer as indicated by an arrow pf1. As a result, the compo
sition buffer stores DSICS. Then, when the current play
back point reaches the beginning of DS multiplexed in the
AV clip, the DS is loaded to the composition buffer as indi
cated by an arrow pf2. As a result, the composition buffer
stores DSICS. That is, in the case where the stream model
is “Multiplexed, there are more than one interactive com
position structures. The playback apparatus discards a cur
rently stored interactive composition structure and newly
loads another interactive composition structure residing at
the current playback point. Thus, the composition buffer
stores one interactive composition structure at a time.
0113. This discarding and loading operation is especially
effective at the time of a skip operation. When a skip opera
tion is executed, the interactive composition structure asso
ciated with the current playback point is no longer necessary.
Thus, the playback apparatus discards the interactive com
position structure currently on the composition buffer. As
shown in FIG.9, when a skip operation am1 is executed, the
composition buffer discards the stored contents at the execu
tion timing am2 of the skip operation. Then, the DSICS
residing on the skip destination is loaded to the composition
buffer as indicated by an arrow pf3.
0114. As above, in the case of the “multiplexed' type
stream model, the composition buffer needs to discard the
stored interactive composition structure as the AV playback
proceeds. On the contrary, in the case of the “preload' type
stream model, the composition buffer is not required to dis
card the stored interactive composition structure at all. If the
composition buffer discards the stored interactive composi
tion structure as the AV playback proceeds, the same interac
tive composition structure as the discarded one needs to be
loaded from the BD-ROM again. This useless operation of
re-loading the same interactive composition structure results
in an extra burden. FIG. 10 is a view showing the contents of
the composition buffer. FIG. 10 is similar to FIG. 9 with
respect to what is shown in each of the first to fourth level. Yet,
FIG. 10 is totally different from FIG. 9 with respect to the
contents of the composition buffer stored at different times.
Specifically, even if the current playback point reaches where
the DS is multiplexed, the ICS of the DS is not loaded to the
composition buffer (indicated by the mark “X” in the figure).
0115 Similarly, even if the current playbackpoint reaches
where the DS is multiplexed, the ICS of the DS is not loaded
to the composition buffer (indicated by the mark “X” in the
figure). Similarly, the contents stored in the composition
buffer are retained rather than discarded, even if a skip opera
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tion is executed. The interactive composition structure is
provided with the stream model field for allowing a control
ling Subject (the graphics controller) to accurately judge
whether to discard the stored interactive composition struc
ture as the proceeding of AV playback or to retain the stored
interactive composition structure irrespective of the pro
ceeding of AV playback. This concludes the description of the
stream model field.

0116 Referring back to FIG. 8, the “user interface
model shows the type of user interface model to be used for
the interactive composition structure. The user interface
model shows either “Always-On U/I” or “Pop-Up U/I’. When
the Always-On U/I is used, a menu appears on Screen and
disappears in accordance with the proceeding of AV clip
playback. When the Pop-Up U/I is used, a menu appears on
screen and disappears in response to a user operation.
0117 The composition time out pts field shows the end
time of an Epoch (Epoch END) to which the ICS belongs. The
interactive control defined by the ICS is no longer valid at the
Epoch END. That is, a point of time shown by the composi
tion time out pts field is the end of valid interactive control
period.
0118. The “selection time out pts’ field shows the but
ton selection termination time. At the time shown by the
selection time out pts value, the button that is currently ins
the selected is automatically activated. Note that buttons are
elements representing options in the multi-page menu. The
selection time out pts field defines the valid interaction
period for user interaction to activate the buttons.
0119 The IF statement (if(stream model=0)) shown
in the figure means that the above described “composition
time out pts” and 'selection time out pts fields are
optional information that are provided only when the
“stream model field shows “Multiplexed' type. In the case
of ICS of which stream model is “Preloaded' type, neither of
the “composition time out pts” and “selection time out
pts’ fields is provided.
0120. The user time out duration field shows the tim
eout at which on-screen pages presented in response to a user
operation are removed. When the Always-On U/I is used,
pages from the second page onward (referred to as Sub pages)
are presented in response to user operations. Thus, after the
timeout defined by the user time out duration, all subpages
are removed from the screen leaving the first page on-screen.
When the Pop-Up I/O is used, not only the sub pages but also
every page of the Multi-page menu is presented in response to
user operations. Thus, after the user time out duration, all
on-screen pages are removed leaving no page remain pre
sented (No Menu Display).
0121 Next, a description is given to the meaning of the
selection time out pts and composition time out pts
fields in an Epoch.
0122 FIG. 11 is a timing chart illustrating the functions of
the selection time out pts and composition time out pts
fields in an ICS belonging to a DS in the case where the DS
is an Epoch Start DS (n=1). The timing chart shows that the
composition time out pts value specifies the end of Epoch
(Epoch END). The interactive display is valid for a period
from the PTS(DSIICSI) to the Epoch END. This period is
referred to as the “Interactive Display Period’.
0123. The selection time out pts specifies a time preced
ing the Epoch End. User interaction may be made during a
period from the PTS(DSICS) to the time specified by the
selection time out pts value. This period is referred to as the
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“valid interaction period’. As above, the selection time out
pts field defines the end time of a period which starts from the
first presentation of the interactive display and during which
the interactive display is available for user interaction. The
composition time out pts field defines a period starting
from the first presentation of the interactive display during
which the interactive display in an Epoch remains valid and
thus presented. This concludes the description of the selec
tion time out pts and composition time out pts fields.
Next, a description is given to the Multi-page menu state
transition defined by the selection time out pts, composi
tion time out pts, and user time out duration fields.
0.124 FIG. 12A is a view showing the state transition of
the Multi-page menu based on the selection time out pts,
composition time out pts, and user time out duration
fields. FIG. 12A is a view showing the state transition of the
Multi-Page menu when the Pop-Up U/I is used. The Multi
page menu shown in the figure has the following three states:

No Menu Display, 1 Page Only, Multi-Page Exist.
I0125 The 1 page only is the state where only the first

page of the Multi-Page menu is presented.
0.126 The Multi-Page exist is the state where pages from
the second page onward (i.e. Sub pages) are presented in
addition to the first page.
I0127. An arrow jt1 represents the transition from the No

Menu Display state to the 1 Page Only state. This state

transition is triggered by an event "Pop-Up On'. The "Pop
Up On' is an event generated within the playback apparatus
in response to a user operation for a menu call.

I0128. An arrow jt2 represents the transition from the 1

Page Only state to the No Menu Display state. This state
transition is triggered by an event "Pop-Up Off. The "Pop
Up Off is an event generated within the playback apparatus
in response to a user operation for a menu removal.
I0129. Arrows t3 and jta represent the transition from the

1 Page Only state to the Multi-Page Exist state, and then
from the Multi-Page Exist state to the 1 Page Only state. The

state transition is triggered by an event "ChangeButtonPage'
generated upon the timeout defined by the selection time
out pts. The ChangeButtonPage is an event generated within
the playback apparatus in response to a user operation for
Switching a menu page. The event is generated on precondi
tion that a user operation for Switching a menu page is made.
The selection time out pts shows the time for forcefully
invalidating a button for receiving a user operation for Switch
ing a menu page. Thus, the description of the selection time

out pts field realizes the state transition of "1" Page
Only->Multi Page Exist->1 Page Only”.
I0130. An arrow its represents the transition from the 1

Page Only state to the No Menu Display state. An arrow itó
represents the transition from the Multi-Page Exist state to the
No Menu Display state. The state transition.jtó is triggered by
the timeout of the user time out duration.

I0131. In the figure, the state transitions to the No Menu

Display state from the 1 Page Only state (t5) and from the
Multi-Page Exist state are defined by the user time out
duration field. That is to say, it is possible to define such
control that on-screen menu pages are automatically removed
when the AV playback reaches to a climax scene. With this
control, it is avoided that the menu pages interferes with
viewing the video stream playback.
I0132 FIG. 12B shows the state transition of Multi-page
menu when the Always-On U/I is used. An arrow at1 repre

sents the transition from the No Menu Display state to the 1
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Page Only state. This state transition is triggered by an event
“Epoch Start. The “Epoch Start is an event showing that the
current playback point reaches the point corresponding to the
PTS associated with the interactive composition structure. It

is shown that the 1 page is automatically presented as the

Video stream playback proceeds and without waiting for any
user operation.

I0133) An arrow at2 shows the transition from the 1' Page
Only state to the Multi-Page Exist state, and an arrow at3
shows the transition from the Multi-Page Exist state to the 1

Page Only state. These state transitions are also triggered by
the ChangeButtonPage event generated upon a timeout of the
valid interaction period defined by the selection time out

pts.

0134. An arrow at4 represents the transition from the

Multi-Page Exist state to the 1 Page Only state. This state
transition is triggered by the timeout of the user time out
duration. As apparent also from this state transition, when the

Always-On U/I is used, the state transition is made to the 1

Page Only state not to the No Menu Display state upon the

time but of the user time out duration.

I0135 An arrow at5 represents the transition from the 1

Page Only state to the No Menu Display state. This state
transition is triggered by the time out of the composition
time out pts. Note that the composition time out pts
shows the end of Epoch (EpochEND).
0136. As apparent from FIGS. 12A and 12B, the Multi
Page menu behavior is defined by the selection time out
pts, user time out duration, and composition time out pts
fields provided in the interactive composition structure.
0137 FIGS. 13-15 show the screen display presented
under control defined as above. FIG. 13 shows the display
scenario incorporating the Multi-Page menu. In this scenario,

the Multi-Pagemenu is not presented on screen at first. The 1

page of the Multi-Page menu is presented when the current
playback point reaches the point t1, and a Sub page is addi
tionally presented at the point t2. When the current playback
point reaches the point t3, the on-screen Sub page is removed

leaving only the 1 page on screen. The 1 page is then

removed at the point taleaving no menu page displayed on
SCC.

0.138. At the bottom of FIG. 13 is the interactive compo
sition structure described to achieve the above display sce
nario. The PTS(DSIICSI) is set to the value corresponding to
the point t1, the selection time out pts to the value corre
sponding to the point t2, the user time out duration to the
value corresponding to the point t3, and the composition
time out pts to the value corresponding to the point ta. With
this setting, the Multi-Page menu undergoes the state transi
tions shown in FIG. 13.

0139 Now, a description is given to the setting of selec
tion time out pts value in greater detail with reference to a
specific example.
0140 FIGS. 14A-14C show a display example defined by
the selection time out pts. As shown in FIG. 14A, at the
point oft1, the first page of Multi-Page Menu is overlaid with
a picture of the video stream. A picture presented at the point
t2 is of a scenic shot and is of less importance in the story of
the AV clip. Since the picture presents no valuable contents
for users, the selection time out pts value is set to automati

cally activate abutton presented on the 1' Page at the point t2.

Consequently, a Sub Page is overlaid with the scenic short
shown in FIG. 14B, so that a composite image as shown in
FIG. 14C appears on screen.
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0.141. In a similar manner, a description is given to the
setting of user time out duration value with reference to a
specific display example. FIGS. 15A-15D show a display
example defined by the user time out duration. In this
example, the Multi-Page menu is in the Multi-Page Exist state

where multiple Sub Pages (2", 3", and 4" pages) are pre

sented on screen as shown in FIG. 15A. In the Multi-Page
Exist state, the pages of the Multi-Page menu are overlaid
with a picture included in the video stream. Here, the picture
to be presented at the point t3 is a character image as shown in
FIG. 15B. In this case, the multiple Sub Pages overlaid with
the picture end up covering most of the character image as
shown in FIG. 15C. As a result, the facial expression of the
character image can not be seen. To avoid this interference,
the user time out duration is set to the value corresponding
to a time immediately before the point t3. With this setting,
the Multi-Page menu undergoes the state transition from the

Multi-Page Exist state to the 1 Page Only state. As a result,

the composite image as shown in FIG. 14D is presented at the

point t3. Here, the 1 page is solely presented on screen
without blocking the characterimage too much. Furthermore,

since the 1 page remains on screen rather than removing

every page of the Multi-Page Menu, there is no need to call the
menu again.
0142. As described above, according to the first embodi
ment, the ICS multiplexed in the graphics stream includes
control information defining behavior of a Multi-Page Menu
in accordance with the proceeding of AV playback. This
makes it possible to define such control that numerous pages
are presented during the playback of less important scenes,
Such as Scenic shorts, and that on-screen pages are removed as
the AV playback approaches climax Scenes. With Such con
trol, the menu pages are presented without interfering with
the playback of the AV clip, which is the main content. Thus,
the user can concentrate on viewing the AV playback while
enjoying convenience of the Multi-Page Menu functions.
Second Embodiment

0.143 A second embodiment relates to display composi
tions for presenting pages of a Multi-Page Menu. According
to the second embodiment, a display composition is designed
to present a plurality of graphical elements called button on
screen. In addition, an animation effect is presented on Screen
before introducing and/or after removing a menu page.
014.4 FIG. 16 is a view showing the internal structure of
page information associated with an arbitrary one of multiple

pages (x" page) of the Multi-Page Menu. As shown in the left

part of the figure, page information (X) is composed of the
following fields: "page id’ showing an identifier uniquely
identifying the page(x); “UO mask table'; “in effects'
specifying an animation effect to be presented as introduction
of the page X to the screen; “out effects' specifying an ani
mation effect to be presented after removal of the page(x)
from the screen; “animation frame rate code' showing an
animation frame rate to be followed at the time of presenting
animation effects for the page(X); “default selected button
id ref, “default activated button id ref: "pallet id ref:
and “button info (1), (2) ... (number of buttons-1) each
associated with one of the buttons presented on the page(X).
0145 The UO mask table field shows permissions and
prohibitions of user operations on the page (x). If this field is
set to a value showing “prohibited', a corresponding user
operation to the playback apparatus is invalid while the page
(X) is active.
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0146 The default selected button id ref field shows
whether a button to be selected as default upon starting the
presentation of page (X) is determined dynamically or stati
cally. When this field is set to “0xFF, the default selected
button is determined dynamically. In Such a case, the value
held in a Player Status Register (PSR) of the playback appa
ratus is interpreted with priority, and the button shown by the
PSR is put into the selected state. On the other hand, when this
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operation instructing to move the focus in the up direction is
made while the button (i) is in the selected state. The move up
operation is executed at a push of a Move Up key of the
remote controller. If this field is set to the same button number

as that of the button(i), the user operation to the Move Up key
is ignored.
(O157 Similarly, the lower button id ref field, the left
button id reffield, the right button id reffield each specify

field is set to the value other than “0xFF, the default selected

the button numbers of a button to receive the selected state if

button is determined statically. In such a case, the PRS is

a user operation instructing to move the focus to the down,
left, or right direction is made, while the button(i) is in the
selected State. The respective operations are executed at a
push of the Move Down key, Move Left key, and Move Right
key of the remote controller. If these fields are set to the same
button number as that of the button (i), the user operations to
the those keys are ignored.
0158. The normal state info structure defines the normal
state of the button(i), and is composed of the normal start
object id ref normal end object id ref, and normal re
peat flag fields.
0159. The normal start object id ref field specifies the
first one of the object id values that are serially assigned to a
sequence of ODSs used to present the normal state of button
(i) in animation.
0160 The normal end object id ref field specifies the
last one of the object id values that are serially assigned to the
sequence of ODSs used to present the normal state of button
(i) in animation. If the normal end object id reffield speci
fies the same ID value as that of the normal start object id
ref, the static image of a graphics object identified by that ID
is presented as the button(i).
0.161 The normal repeat flag field specifies whether the
animation of the button(i) in the normal state is to be continu
ously repeated.
(0162 The selected state info structure defines the
selected state of the button(i). The selected state info struc
ture is composed of the selected State Sound id ref, select
ed start object id ref, selected end object id ref, and
selected repeat flag fields.
0163 The selected state sound id ref field specifies
Sound data to be reproduced as a click Sound when the button
(i) is put to the selected state. The sound data is specified by
the Sound id of a piece of Sound data contained in the file

overwritten with the default selected button id ref field

value, and the button specified by this field is put into the
selected State.

0147 The default activated button id ref field shows a
button to be automatically activated at the time defined by the
selection time out pts field value. When the default activat
ed button id ref field value is set to “FF, the button that is

in the selected state at the time of the timeout is automatically
activated. On the other hand, when this field is set to "00', no

button is automatically activated. When this field is set to the
value that is neither “00” or “FF, the value is interpreted as a
valid button number statically specifying the button to be
automatically activated.
0148. The pallet id reffield shows the ID associated with
a pallet to be set in a CLUT unit, which will be described later.
0149 Each button info structure is information defining a
button to be presented on the page (x). With the above fields,
each page of the Multi-Page menu is defined. Next, a descrip
tion is given to the internal structure of button info structure.
In the description, an arbitrary one of the buttons on the page
(x) is denoted as a button(i). In FIG. 16, arrows cx1 indicate
that the internal structure of button info (i) is excerpted to be
shown in detail.

0150. Each button presented on the page has three states
which are a normal state, a selected State, and an activated

state. When abutton is in the normal state, the button is simply
displayed. When a button is in the selected stated, the button
is currently focused as a result of a user operation but not yet
activated. When a button is in the activated state, the button
has been activated. Since each button has these three states,

the button info(i) is provided with the following information.
0151. The button idfield shows a value uniquely identi
fying the button(i) in the interactive composition structure.
0152 The button numeric select value field shows a flag
indicating whether the button(i) is numerically selectable.
0153. The auto action flag field shows whether the but
ton(i) is automatically activated. When the auto action flag
field is set to ON (bit value of “1”), the button(i) is transferred
not to the selected state but directly to the activated state when
selected. On the other hand, when the auto action flag field
is set to OFF (bit value of “0”), the button(i) is transferred not

to the activated state but to the selected state when selected.

0154 The button horizontal position field and button
vertical position field respectively specify the horizontal and
vertical positions of the top left pixel of the button(i) on the
interactive display.
0155 The neighbor info structure shows buttons to
receive the selected State in response to user operations made
to move a focus in an up, down, right, and left direction when
the button (i) is in the selected state. The neighbor info struc
ture is composed of upper button id ref, lower button id
ref, left button id ref, and right button id ref fields.
0156 The upper button id ref field specifies the button
number of a button to receive the selected state if a user

called sound.bdmV. When this field is setto "0xFF, no sound

data is associated with the selected state of the button (i) and
thus no click sound is reproduced when the button(i) is
changed to the selected State.
0164. The selected start object id ref field specifies the
first one of the object id values that are serially assigned to a
sequence of ODSs used to present the selected state of button
(i) in animation.
0.165. The selcted end object id ref field specifies the
last one of the object id values that are serially as signed to
the sequence of ODSs used to present the normal state of
button(i) in animation. If the selected end object id ref
field specifies the same ID value as that of the selected start
object id ref, the static image of a graphics object identified
by the ID is presented as the button(i).
0166 The selected repeat flag field specifies whether the
animation of the button(i) in the selected state is to be con
tinuously repeated. If the Selcted Start object id ref and
Selcted end object id ref fields have the same value, the
selected repeat flag field is set to the value of “00.
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0167. The activated state info structure defines the acti
vated State of the button(i), and is composed of the activated
state Sound id ref, activated Start object id ref, and acti
vated end object id ref fields.
0168 The activated state sound id ref field specifies
Sound data to be reproduced as a click Sound when the button
(i) is put to the activated state. The sound data is specified by
the Sound id of a piece of sound data contained in the sound.
bdmv file. When this field is set to “0xFF, no sound data is

associated with the activated state of the button(i) and thus no
click Sound is reproduced when the button(i) is changed to the
activated State.

0169. The activated start object id reffield specifies the
first one of the object id values that are serially assigned to a
sequence of ODSs used to present the activated state ofbutton
(i) in animation.
0170 The activated end object id ref field specifies the
last one of the object id values that are serially assigned to the
sequence of ODSs used to present the activated state ofbutton
(i) in animation.
0171 The “navigation command structure shows a navi
gation command to be executed when the button(i) is acti
vated. A representative example of the navigation command
is, a SetButtonPage command. The SetButtonPage command
instructs the playback apparatus to display a desired page of
the Multi-Page menu with a desired one ofbuttons on the page
in the selected state. With the use of such navigation com
mands, content creators can readily describe page transitions
at the time of authoring.
0172. This concludes the description of the button info
structure. Now, a reference is made to FIG. 18 showing an
example of the button info description defining the state tran
sition of buttons O-A to O-D, as illustrated in FIG. 17. In FIG.

17, arrows hh1 and hh2 represent the state transitions defined
by the neighbor info () structure of the button info(1), which
is associated with the button O-A. In the button info(1), the
lower button id ref field is set to the value specifying the
button O-C. Thus, if a user operation is made to the Move
Down key (FIG. 17, up1) while the button O-A is in the
selected state, the button O-C receives the selected state (s1).
The right button id reffield in the button info(1) is set to the
value specifying the button O-B. Thus, if a user operation is
made to the Move Right key (up2) while the button O-A is in
the selected state, the button O-B receives the selected state

(s2).
(0173 An arrow hh3 in FIG. 17 represents the button state
transition defined by the neighbor info( ) structure in the
button info(2), which is associated with the button O-C. In
the button info(2), the upper button id ref field is set to the
value specifying the button O-A. Thus, if a user operation is
made to the Move Up key (up3) while the button O-C is in the
selected state, the button O-A is put back into the selected
state (s.3).
0174 Now, a description is given to the graphical images
of the buttons O-A, O-B, O-C, and O-D. A DS, provided with
the ICS shown in FIG. 18 includes ODSs 11-19 correspond
ing to the graphical images shown in FIG. 19. The normal
start object id ref and normal end object id ref fields in
the button info(0) specify the ODSs 11 and 13, respectively.
Thus, the normal state of the button O-A is presented in
animation using the sequence of the ODSs 11-13. Similarly,
the selected Start object id ref and selected end object i
d reffields in the button info(0) specify the ODSs 14 and 16,
respectively. Thus, the selected state of the button O-A is
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presented in animation using the sequence of the ODSs
14-16. With this setting, when a user operation is made to put
the button O-A to the selected State, the graphical image
serving as the button O-A is changed from the one presented
using the ODSs 11-13 to the one presented using the ODSs
14-16. Here, if the normal repeat flag field in the normal
state info( ) structure is set to the value “1”, the animated
presentation of the ODSs 11-13 is repeated as indicated by
“->(A)' and “->(A) in the figure. Similarly, if the selected
repeat flag field in the selected State info() structure is setto
the value“1”, the animated presentation of the ODSs 14-16 is
repeated as indicated by “->(B) and “->(B) in the figure.
(0175. As above, a plurality of sets of ODSs that can be
presented in animation are associated with the buttons O-A,
O-B, O-C, and O-D. Thus, with the ICS referencing the
ODSs, such a control is defined that a characterimage serving
as a button changes its facial expression in response to user
operations.
0176 This concludes the description of the button info
structure. Next, a description is given to animation effects. As
shown in FIG.16, the in-effects field and the out-effects field

each specify an effect sequence structure. FIG. 20 is a view
showing an effect sequence structure. As shown in the left
half of the figure, the effect sequence structure is composed
of window info(0), (1), (2) . . . (number of windows-1);
and the effect info(0), (1), (2) ... (number of effects-1).
0177. The animation effect is presented by updating dis
play compositions at fixed intervals. Each effect info struc
ture is a piece of information defining one display composi
tion. Arrows ec1 indicate that the internal structure of effect

info is excerpted to be shown in detail. As shown in the figure,
the effect info structure is composed of the effect duration
field showing the above-mentioned fixed interval, i.e. a time
period for which the associated display composition is to be
presented; the pallet id ref field specifying a pallet used for
the associated display composition; and the composition
object (0), (1), (2) . . . (number of composition object-1)
specifying the details of the display composition.
0.178 Each window info structure defines a window oran
area on the graphics plane within which the display compo
sitions are rendered. As indicated by arrows we1, the win
dow info is excerpted to be shown in detail. As shown in the
figure, the window info is composed of the following fields:
“window id' uniquely identifying a widow on the graphics
plane: “window horizontal position' specifying the hori
Zontal position of the top left pixel of the window; “window
Vertical position' specifying the vertical position of the top
left pixel of the window; “window width' specifying the
width of the window; and “window height” specifying the
height of the window.
0179 Now, a description is given to values that may be set
in each of the window horizontal position, window Verti
cal position, window width, and window height fields.
These fields are set to the value corresponding to the coordi
nates within the two-dimensional graphics plane having the
height and width defined by the video height and video
width fields.

0180 Since the window horizontal position field shows
the horizontal address of the pixel on the graphics plane, this
field takes on a value from “1” to the video width value.

Similarly, since the window vertical position shows the ver
tical address of the pixel on the graphics plane, this field takes
on a value from “1” to the video height value.
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0181 Since the window width field shows the width of a
window on the graphics plane, this field takes on a value from
“1” to the value calculated by subtracting the window hori
Zontal position value from the video width value. Similarly,
since the window height field shows the height of window on
the graphics plane, this field takes on a value from “1” to the
value calculated by Subtracting the window vertical posi
tion value from the video height value.
0182. As above, the window info is provided with win
dow horizontal position, window Vertical position, win
dow width, window height fields defining the size and pos
tion of a window on the graphics plane.
0183 Now, a description is given to the constraint on the
window size for realizing the framework for presenting dis
play compositions of graphics at a rate of 24 frames per
second. This frame rate corresponds to the video frame rate
applied to the video stream playback. With this framework,
the graphics objects are presented in detailed synchronization

incurs overhead. The overhead inevitably reduces the transfer
rate from the object buffer to the graphics plane.
0.192 There is a constraint on the number of graphics
objects allowed to be rendered in one window at a time. The
number of graphics objects is restricted in order to reduce
overhead incurred at the time of transferring decoded graph
ics objects. To be more specific, the overhead referred herein
is incurred at the time of setting addresses of edge parts of the
graphics objects. This overhead increases if the number of
edge parts is greater.
0193 If there is no restriction on the number of graphics
objects that can be displayed in one window, the overhead is
incurred unlimitedly when transferring graphics objects to
the graphics plane, which increases fluctuations in transfer
load. On the other hand, if the number of graphics objects in

with the video stream. To realize the framework, the window
must be cleared and rendered at the video frame rate. Here, a

can be determined easily.
0194 Turning now to the effect info structure, the effect
duration is determined depending on the window size. Now, a
description is given to how the effect duration is determined.
FIG. 21A is a view schematically illustrating how the effect

consideration is given to the required transfer rate from the
object buffer to the graphics plane.
0184 First, a constraint on the window size is examined.
Let Rc denote the transfer rate from the object buffer to the
graphics plane. In the worst-case scenario, the clearing and
rendering of the window need to be performed at Rc. In other
words, the clearing and rendering need to be performed at half
of Rc (Rc/2).
0185. Thus, the following equation needs to be satisfied.
(Window Size)x(Frame Rate)sRC/2

0186. When the frame rate is 24, then RC is expressed in
the following equation.
Rc=(Window Size)x2x24

0187. When the total number of pixels of the graphics
plane is 1920x1080 and the bit length of an index per pixel is
8 bits, the total capacity of the graphics plane is 2 Mbytes
(s.1920x1080x8).
0188 When Rc is 128Mbps and the window size is 1/A of
the graphics plane, the following equation is satisfied.
128,000,000=1920x1080x1/Ax8x2x24

1/A-0.16(=128,000,000/(1920x1080x8x2x24))

0189 Thus, by restricting the window size to 16% of the
entire graphics plane, the synchronization between animation
effects with the video stream is guaranteed as long as the
animation effects are rendered at the transfer rate of 128

Mbps.
0190. Suppose, for example, the effect duration showing
the rate of clearing and rendering a window is /2 or 4 of the
Video frame rate. In this case, the window size can be as large
as 32% or 64% of the entire graphics plane even if Rc is the
same. That is to say, the effect sequence structure has a
feature that the effect duration is determined to be longer for
a larger window size, and shorter for a smaller window size.
This concludes the description of the window size. Next, a
description is given to the position of window. As mentioned
above, the position and the size of a window are fixed
throughout an Epoch.
0191 The position and the size of a window are fixed
throughout the duration of an Epoch for the following reason.
When the position or size of a window is changed, the write
address of the graphics plane needs to be changed, which

one window is limited to two, the transferrate Rc can be set on

an assumption that the number of instances of overhead is at
most four. Hence a minimum standard for the transfer rate Rc

duration is determined in the figure, the (i+1)" display com
presentation of thei" display composition The number of the

position is presented after a plurality of video frames from the
plurality of video frames is the effect duration. In order to
calculate the effect duration, the total size of data to be ren

dered for presentation of each display composition must be
known. Here, the effect sequence is provided with windows
of the number that is indicated by the number of windows
field value. Thus, the total size of data needed to be rendered

for presentation of the j" display composition is equal to the
total size of the windows (0) through (number of windows
1), as indicated by the brace br.

(0195 As above, the j" display composition is provided

with the windows (0) through (number of windows-1).
Thus, the total data size of the windows is divided by the
transfer rate of the playback apparatus (128 Mbps) and fur
ther multiplied by the time accuracy of PTS (90KHZ), so that
the result is expressed in 90 KHZ. The resulting value is the

duration for which the j" display composition of the effect

sequence is presented. FIG. 21B shows the equation for cal
culating the effect duration.
0196. Note that in this specification, the operator "ceil()
represents a divide that returns a value rounded up to an
integer.
0.197 FIG. 22 is a view showing a specific example of an
in-effect animation. The in-effect animation presents an
image such that a flash of light appears on the palm of hand of
the character image on Screen and a menu gradually rises up
after the flash of light disappears. The size of graphics data is
the largest within the in-effect at the time when the menu is
fully shown on screen (effect (4)). Thus, the window width
and window height of a window are determined based on the
data size of the effect (4). Suppose, the window size deter
mined herein is about 50% of the entire graphics plane. This
window size is nearly three times as large as the above
mentioned window size of 16% of the graphics plane. Con
sequently, the effect duration for this in-effect is determined
to be longer in order to allow the display composition to be
duly updated at the rate of 128 Mbps. Each effect duration of
the effects (0), (1), (2), and (3) is set to be relatively long.
According to this setting, each display composition is ren

US 2010/005O126 A1

dered forevery three video frames, so that it is ensured that the
in-effect animation is seamlessly presented. The same
scheme applies to an out-effect animation. FIG. 23 is a view
showing the out-effect animation for which window width,
window height, and effect duration field values are deter
mined in the manner described above.

0198 As described above, according to the second
embodiment, the window info defines an area in the graphics
plane for rendering, and the effect info defines a duration at
intervals of which the rendering area is updated. Thus, the
duration may be adjusted to be longer when the rendering area
is set to be larger, and shorter when the rendering area is set to
be smaller. With this setting, the seamless presentation of
animation effects is ensured as long as the playback apparatus
transfers graphics data at a fixed transfer-rate.
Third Embodiment

0199. A third embodiment of the present invention relates
to an improvement on the presentation of animation effects,
such as Scroll, Wipe-In/Out, and Cut-In/Out. The structure
for achieving the animation effects lies in the composition
object structures shown in FIG. 20. FIG. 24 is a view showing
the internal structure of an arbitrary composition object(i) in
detail. As shown in the figure, the composition object(i) is
composed of the following fields: “object id ref: “window
id ref. “object cropped flag”; “composition object hori
Zontal position', 'composition object vertical position'.
and “cropping rectangle info(1), (2) ... (n).
0200. The object id ref field shows a reference value for
a graphics object identifier (object id). The reference value
corresponds to the object id identifying the graphics object
that is used for generating a display composition according to
the composition object(i).
0201 The window id ref field shows a reference value
for a window identifier (window id). The reference value
corresponds to the window id identifying the window in
which the display composition according to the composition
object(i) is rendered.
0202 The object cropped flag field shows a flag indicat
ing whether the graphics object cropped on the object buffer
is to be presented or not to be presented. When this field is set
to “1, the graphics object cropped on the object buffer is
presented. On the other hand, when this field is set to “0”, the
cropped graphics object is not presented.
0203 The composition object horizontal position field
shows the horizontal postion of the top left pixel of the graph
ics object on the graphics plane.
0204 The composition object vertical position field
shows the vertical position of the top left pixel of the graphics
object on the graphics plane.
0205 The cropping rectangle structure is valid when the
object cropped flagfield is setto “1”. In FIG. 24, arrows wa2
indicate that the internal structure of cropping rectangle is
excerpted to be shown in detail. As shown in the figure, the
cropping rectangle structure is composed of the following
fields: "object cropping horizontal position'; 'object
cropping vertical position'; 'object cropping width'; and
“object cropping height'.
0206. The object cropping horizontal position field
shows the horizontal position of the top left corner of the
cropping rectangle. The cropping rectangle defines the
region, of the graphics object to be cropped.
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0207. The object cropping vertical postion field shows
the vertical postion of the top left corner of the cropping
rectangle.
0208. The object cropping width field shows the width of
the cropping rectangle.
0209. The object cropping height field shows the height
of the cropping rectangle.
0210. This concludes the description of the structure of
composition object. Next, a description is given to a specific
example of the composition object structure.
0211 FIG. 25 is a view showing a specific example of an
in-effect presenting a Right-Scroll animation effect. The in
effect animation of this example presents an image Such that
a language selection menu gradually appears from the right
edge of the screen. For this in-effect animation, composition
object(0), composition object(1), composition object(2),
and composition object(3) are allocated to points to, t1, t2,
and t3, respectively. Furthermore, the ICS and the effect info
structure associated with each of the DSs are defined to

include the following window info structures and composi
tion object structures.
0212 Now, a description is given to the setting of each
composition object structure. FIGS. 26-29 each illustrate an
example setting of the composition object structure. FIG. 26
is a view showing an example of the composition object(0)
Structure.

0213. In the figure, the window horizontal position and
window Vertical position fields specify the coordinates of
the top left pixel LPO of a window on the graphics plane. The
window width and window height fields specify the width
and height of the window.
0214. As shown in the figure, the object cropping hori
Zontal position and object cropping vertical position fields
specify a reference point ST1 used for determining a region of
the graphics object to be cropped. The reference point ST1 is
addressed based on the coordinate system which has an origin
at the top left corner of the graphics object on the object
buffer. The region having the length and width specified by
the object cropping width and object cropping height
fields from the reference point ST1 is determined as the
cropping rectangle (Solid-line box in the figure). The cropped
part of the graphics object is rendered on the graphics plane at
the position having the top left pixel LPO specified by the
composition object horizontal position and composition
object Vertical position fields. In this example, about /4 of
the language selection menu from the right is rendered within
the window on the graphics plane. As a result, the right
one-quarter of the language selection menu is presented as a
composite image overlaid on the video.
0215 FIGS. 27, 28, and 29 are views showing examples of
the composition object structure(1), composition object
structure(2), and composition object structure(3), respec
tively. The window info structure shown in each of the fig
ures is identical with the one shown in FIG. 26. Thus, the

description is omitted. The composition object (1) structure

shown in FIG. 27, however, differs from the one shown in

FIG. 26. In FIG. 27, the object cropping horizontal position
and object cropping vertical position fields specify the
coordinates of the top left pixel of about a right half, rather
than 4, of the language selection menu stored on the object
buffer. The object cropping height and object cropping
width fields specify the height and width of the right half of
the language selection menu. Similarly, in FIG. 28, the
respective fields of the composition object (2) structure
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together specify about 34 of the language selection menu from
the right. In FIG. 29, the respective fields of the composition
object(3) structure together specify the entire part of the lan
guage selection menu. By rendering the cropped part of the
graphics object as shown in FIGS. 27, 28, and 29 to the
graphics plane, the right half of the language selection menu,
the 3/4 of the language selection menu from the right, and the
entire language selection menu are overlaid on the video.
0216. As described above, according to the third embodi
ment of the present invention, with the composition object
structures, an animation effect is easily defined as desired. For
example, it is easily defined that a graphics object stored on
the object buffer is rendered so as to make a gradual appear
ance on Screen or gradual disappearance from the screen.
Fourth Embodiment

0217. A fourth embodiment of the present invention
relates to an improvement made through optimizing the order
of ODSs within a DS. As described above, the ODSs within a

DS are referenced by the interactive composition so as to
present an in-effect or out-effect animation or one state of a
button. The order of ODSs within a DS is determined depend
ing on whether the ODSs are used for an in-effect animation,
an out effect animation, or a button State.

0218 Specifically, the ODSs within a DS are grouped into
(1) ODSs used for presentation of an in-effect animation for
PageIO, (2) ODSs used for presentation of the normal state of
a button, (3) ODSs used for presentation of the selected state
of a button, (4) ODSs used for presentation of the activated
state of a button, (5) ODSs used for presentation of an in
effect for PageIO and an in-effect and out-effect animations
for Page1 onward. That is to say, ODSs associated with the
same presentation is put into the same group. The group of
ODSs associated with the in-effect is referred to as an “in

effect group'. The group of ODSs associated with each button
state is referred to as a “button-state group'. The groups of
ODSs associated with the out-effect of PageIO, in-effects and
out-effects of Page1 onward are referred to as a “remain
group'.
0219. Those groups of ODSs arearranged in the following
order: in-effect group->normal-state group->seleted-state
group eactivated-state group->remain group. In this way, the
order of ODSs within a DS is determined based on the pre
sentation targets with which the ODSs are associated.
0220 Next, a description is given specifically to the order
of ODSs within a DS, FIG.30 is a view showing the order of
ODSs within the DS.

(0221) In the figure, ODS-ODS belong to a group of

ODSs associated with the in-effect for PageIO (in-effect
group).

0222 ODS-ODS, are a group of ODSs associated with

the normal state of buttons (ODSs for Normal state).
0223 ODS-ODS, belong to a group of ODSs associ
ated with the selected state of the buttons (ODSs for Selected
state).

0224 ODS-ODS, belong to a group of ODSs associated

with the activated state of the buttons (ODSs for Activated
state).

0225 ODS-ODS, belong to a group of ODSs associated

with the out-effect of PageIO and ODSs associated with the
in-effects and out-effects of pages from Page1 onward (re
main group).
0226. The groups of ODSs are arranged in the following
order: in-effect group->normal-state group->selected-state

Feb. 25, 2010

group eactivated-state group->remain group. This order is
determined so that ODSs needed for the first presentation of
interactive display are read first, whereas ODSs needed only
after a display update are read later.
0227 Next, a description is given to the order of ODSs
when there is a multiple-reference. The term “multiple-refer
ence' used herein means that the same object idis referenced
by two or more pieces of normal State info, selected State
info, and activated State info within an ICS. For example,
with the multiple references, a specific graphics object used to
renderabutton in the normal state is commonly used to render
another button in the selected state. In other words, the graph
ics object is shared, so that the number of ODSs can be
reduced. Here, a problem arises as to which button-state
group an ODS having the multiple-reference belongs.
0228 Specifically, when one ODS is associated with one
button in the normal state as well as another button in the

selected state, it needs to be determined whether the ODS

belongs to the button-state group for the normal state or the
button-state group for the selected State.
0229. In such a case, the ODS placed in the button-state
group that first appears in the ICS.
0230. For example, if an ODS is referenced by both the
normal-state and selected-state groups, the ODS is placed in
the normal-state group (N-ODSs) but not in the selected-state
group (S-ODSs). Also, if an ODS is referenced by both the
selected-state and activated-state groups, the ODS is placed in
the selected-state group (S-ODSs) but not in the activated
state group (A-ODSs). In this manner, each ODS referenced
by two or more different state info structures, the ODS
appears only once in the DS and placed in the first one of the
button-state groups.
0231. The same applies to the ODSs associated with ani
mation effects. If a graphics object is commonly used in the
in-effect and the out-effect for PageIO), the graphics object
appears only once in the DS and placed in the in-effect group.
Similarly, if a graphics object is commonly used in the in
effect for PageIO and the in-effect or out-effect for Page1)
onward, the graphics object appears only once in the DS and
placed in the in-effect group. This concludes the description
of the order of ODSs where there is a multiple-reference to an
ODS.

0232 Because of possible multiple-references to ODSs as
described above, the DS, may not contain all the ODS groups
mentioned above. For example, the DS, may not contain the
selected-state group ODSs due to a multiple-reference. Fur
thermore, the DS, may not contain the in-effect group ODSs.
This is also because an in-effect is not essential to the presen
tation of interactive display.
0233. Now, a description is given to the order of ODSs
within the button-state group for the selected state (S-ODSs).
Among the S-ODSs, which ODSs should be placed at the
beginning depends on whether a default selected button is
determined statically or dynamically. The default selected
button is statically determined if the default selected but
ton id reffield in the interactive composition is set to a valid
value other than "00". This valid value specifies the button to
be selected as default. In the case where the default selected
button id ref field value is valid and that ODSs associated

with the specified default selected button are not present in the
N-ODSs, the ODSs are placed at the beginning of S-ODSs.
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0234. On the other hand, if the default selected button
id ref field is set to "00', a different button is dynamically
selected as default depending on the state of playback appa
ratuS.

0235. The default selected button id ref field is set to
the value"00” in the case, for example, where an AV Clip into
which the DS is multiplexed serves as a merge point of a
plurality of playback paths. In such a case, a different button
needs to be selected as default depending on which playback
path has been taken. Thus, it is not necessary to place specific
ODSs at the beginning of S-ODSs.
0236 FIG. 31 is a view showing how the order of ODSs
within S-ODSs differs between the cases where the default
selected button id ref field is set to "00 and to the valid
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(0244. Here, let SIZE (ODSIODS) denotes the size of the
ODS, after decompression, and Rd denotes the decoding rate
for ODS, then the maximum time taken for the decoding is
ceil(SIZE (DSIODSI)).
0245. By converting this maximum time to the accuracy of
90 KHz and adding the result to the DTS of the ODS, the

decoding deadline to be shown by the PTS is calculated with
the accuracy of 90 KHZ.

(0246) The PTS of the ODS, belonging to the DS, can be

expressed by the following equation.

0247. In addition, the relation between two adjacent ODSs

(ODS, and ODS) needs to satisfy the following equation.

value specifying the button B. In the figure, arrows SS1 indi
cate the order of ODSs within S-ODSs in the case where the

default selected button id ref field specifies the button id
identifying the button B. Arrows ss2 indicate the order of
ODSs within S-ODSs in the case where the default selected

button id reffield is set to "00'. As shown in the figure, in the
case where the default selected button id reffield specifies
the button B, the ODSs associated with the selected state of

button B (ODSs for Button B) are placed at the beginning of
the S-ODSs, followed by the ODSs associated with the other
buttons (ODSs for Buttons A, C, and D). On the other hand, in
the case where the default selected button id reffield is set
to "00', the ODSs associated with the selected state of button

A are placed at the beginning of the S-ODSs. As described
above, the order of ODSs within S-ODSs differs depending
on whether the default selected button id ref field value is
valued or not.

0237 According to the fourth embodiment, the ODSs
within an DS are arranged in the order of appearance in the
DS. Thus, the display composition containing a number of
graphics elements can be Smoothly presented.
Fifth Embodiment

0238. In the first embodiment, how to allocate DSs to the
time axis of AV Clip playback is described. In a fifth embodi
ment of the present invention, a description is given to how to
Set PTS and DTS values.

0239 First of all, a description is given to a mechanism of
effecting synchronous control based on the DTS and PTS
within an ODS.

0240. The DTS shows a time, with the time accuracy of 90
KHZ, at which decoding of the associated ODS needs to be
started. The PTS shows a deadline for completing the decod
1ng.

0241 The decoding of ODS can not be completed
instantly, and takes a certain duration. In order to explicitly
show the start and end times of decoding the ODS, the DTS
and PTS show the decoding start time and decoding deadline.
0242. The PTS value shows the deadline by which decod
ing of the associated ODS needs to be completed and the
resulting uncompressed graphics object needs to be available
on the object buffer of the playback apparatus.

0248. This concludes the description of the PTS and the
DTS of an ODS. Next, a description is given to the PTS within
an ICS. The ICS needs to be loaded to the composition buffer
of the playback apparatus before the decoding start time of the
first ODS within the DS (i.e. before the time shown by
DTS(DSODSI)) and also before the first presentation of
the DS, becomes valid (i.e. the time shown by PTS (DS,
PDSI)). Thus, the following equations need to be satisfied.
DTS(DSICSI)s DTS(DSODS)

DTS(DSICS)sPTS(DSPDS)

0249 Next, a description is given to the PTS within the
ICS of the DS. The PTS (DSIICSI) value is set to satisfy the
following equation.
PTS(DSICS)2PTS(DSnICSI)+DECODEDURA
TION-TRANSFERDURATION

(0250. The DECODEDURATION shows the time taken
for decoding graphics objects needed for the first presentation
of the DSCICS). The decoding start time is equal to the DTS
(ICS) value at the earliest. Here, let LASTODSPTS denote
the PTS associated with the graphics object of which decod
ing is completed at the latest among graphics objects needed
for the first presentation of DS,(ICS), then the DECOD
EDURATION is equal to LASTODSPTS(DS)-DTS(DS
ICSI).
0251. The LASTODSPTS value takes on a different value
depending on the default selected button id refsetting and
the order of ODSs within the DS. FIGS. 32A, 32B, 33A, 33B,
and 33C show different ODS orders to illustrate LASTOD

SPTS setting using the DTS of an ODS.
0252 FIG. 32A shows the case where the default selected
button is statically determined, i.e. where the default select
ed button id ref field is set to a non-Zero value. In this case,
the LASTOBSPTS takes on the PTS value of the first ODS

within the S-ODSs (i.e. the value of PTS(DSODSI)). In
the figure, the ODS is enclosed within the solid line box.
0253 FIG. 32B shows the case where the default selected
button is determined dynamically, i.e. where the default
selected button id ref is set to '00'’. In this case, the LAS

(0243) The decoding start time of an arbitrary ODS,

TODSPTS takes on the PTS value of the last ODS among the
S-ODSs (i.e. the value of PTS (DSODSI)). In the figure, the
ODS, is enclosed within the solid line box.
0254 FIG. 33A shows a DS that includes no ODS associ

ODS, is determined by a sum of the DTS (DSIODSI) value

takes on the PTS value of the last ODS among the N-ODSs
(i.e. the value of PTS (DSODSI)). In the figure, the ODS

belonging to a DS, is shown by DTS (DSODS) with the
time accuracy of 90 KHZ. Thus, the decoding deadline of the
and a maximum time which may be taken for the decoding.

ated with the selected State. In this case, the LASTODSPTS
is enclosed within the solid line box.

US 2010/005O126 A1

Feb. 25, 2010

0255 FIG.33B shows a DS that includes no ODS associ
ated with the normal state. In this case, the LASTODSPTS

takes on the PTS value of the last ODS among the in-effect

ODSs (i.e. the value of PTS(DSIODS))) In the figure, the
ODS is enclosed within the solid line box.

0256 FIG.33C shows a DS that includes no ODS at all. In
this case, the LASTODSPTS takes on the DTS value speci
fied in the ICS of the DS (i.e. the value of DTS(DSICSD).
In the figure, the ICS is enclosed within the solid line box.
0257. Note that the above description applies to the case
where the DS, is not an Epoch Start DS. If the DS is an Epoch
Start DS, a different description is applied.
0258. In the case of an Epoch Start DS, the graphics plane
may be cleared entirely. The time taken for clearing the graph
ics plane may be longer than the time calculated by LAS
TODSPTS (DS)-DTS(DSIICSI). According to a target
decoder model for the BD-ROM, the graphics decoding and
the graphics plane clearing are performed by different pro
cessing units (the graphics processor performs the decoding).
Thus, the graphics decoding and the plane clearing are per
formed in parallel. Even if the decoding is completed for
graphics data necessary for presentation of the first display
composition, the graphics date can not be rendered to the
graphics plane unless the plane has been cleared. Thus, the
DECODEDURATION needs to set to the value equal to the
plane clear duration. Suppose the graphics plane has the
width and height equal to the video width and video height
field values, respectively. Furthermore, the transfer rate
between the object buffer and the graphics plane is 128 Mbps.
In order to clear the entire graphics plane, the playback appa
ratus is required to overwrite the graphics plane having the
size of 8xvideo width:Xvideo height at the transfer rate of
128 Mbps. Expressing the duration taken for this overwriting
in 90 KHZ, the time taken for clearing the graphics plane
(referred to as “PLANECLEARTIME) is calculated in the
following equation.
PLANECLEARTIME=ceil((90000x8xDSICS).
video width×DSICS).video height)/128,000,000)

0259 FIG. 34A shows an algorithm for obtaining the
DECODEDURATION value from the value calculated by
LASTODSPTS(DS)-DTS(DSICSI) and the value of
PLANECLERATIME. In the algorithm, the larger one of the
LASTODSPTS(DS)-DTS(DSICSI) value and the
PLANECLERATIME value is determined as the DECOD
EDURATION Value.

0260. As shown in the figure, if the composition state
field of the DS,(ICS) indicates that the DS is not an epoch
start DS (if(DS,(ICS) . composition state=EPOCH
START) else), the value of LASTODSPTS(DS)-DTS(DS,
ICSI) is determined as the DECODEDURATION value (re
turn (LASTODSPTS (DS)-DTS (DSIICSI))). On the other
hand, if the composition state field of the DS,(ICS) indicates
that the DS, is an epoch start DS (if (DS,(ICS). composition
state=EPOCH START)), the larger one of the LASTOD
SPTS(DS)-DTS(DSICSI) value and the PLANECLERA
TIME value is determined as the DECODEDURATION

value

(return (max(LASTODSPTS

(DS)-DTS(DS,

ICSI)))).
0261 FIGS. 34B and 34C are views showing examples of
DECODEDURATION setting depending on whether or not
the PLANECLEARTIME value is larger than the LASTOD
SPTS(DS)-DTS(DSICSI)

value.

If

the

PLANECLEARTIME value is larger than the LASTOD
SPTS(DS)-DTS(DSICSI)

value,

the

PLANECLEARTIME is determined as the DECOD

EDURATION value, as shown in FIG. 34B. On the other
hand, if the PLANECLEARTIME value is smaller than the

LASTODSPTS(DS)-DTS(DSIICSI) value, the LASTOD
SPTS(DS)-DTS(DSICSI) value is determined as the
DECODEDURATION value, as shown in FIG. 34C.
0262 The TRANSFERDURATION shows the time taken

for transferring graphics data needed for presentation of the
first display composition from the object buffer to the graph
ics plane. The first display composition within a DS differs
depending on whether an in-effect is provided for the DS and
whether the default selected button is determined statically or
dynamically. Thus, the TRANSFERDURATION also differs
depending on the first display composition. If the first display
composition is associated with an in-effect, the time taken for
transferring the uncompressed graphics needed for the pre
sentation of the in-effect is determined as the TRANSFER
DURATION.

0263. Here, the in-effect defined by the DSICS is for
introducing PageIO and rendered in windows of the number
that is indicated by the number of window field value. Thus,
the total size of graphics data needed for the first display
composition of the in-effect is equal to the total size of the
windows (0) through (number of windows-1). Thus, to cal
culate the time taken for transferring graphics data needed for
presentation of the first display composition within the in
effect sequence (EFFECTTD), the total window size is
divided by the transfer rate of the playback apparatus (128
Mbps). To express the result in the time accuracy of the PTS
(90 KHZ), the result is further multiplexed by 90 KHz. The
equation for calculating the EFFECTTD (DS) is shown in
FIG. 35A.

0264. On the other hand, if the DS, is not provided with
any in-effect, the first display composition for presentation of
the DSICS is PageIO of the Multi-Page menu. If the
default selected button is statically specified, PageIO of the
Multi-Page menu is presented as soon as uncompressed data
needed for the selected state of the default selected button and
the normal state of the other buttons is transferred from the

object buffer to the graphics plane.
0265. Here, PageIO of the Multi-Page menu associated
with the DS (ICS) includes the buttons of the number indi
cated by the number of button field value. Thus, the data size
needed for presentation of the first display composition is
calculated as follows. First, the total size is calculated for the

graphics data associated with the normal state of all the but
tons on the page, which are specified by DS,(ICS). PageIO.
Buttons from (0) through (number of Button-1). Then, to
the thus calculated total size, the size of graphics data asso
ciated with the selected state of the default selected button of

PageIO (SBSIZE (DS, DSICS). PAGEO).default se
lected button id ref)) is added. Further, from the resulting
value, the size of graphics data associated with the normal
state of the default selected button (NBSIZE(DS, DSICS).
PAGE 0.default selected button id ref)) is subtracted to
obtain the data size needed for presentation of the first display
composition.
0266 The thus calculated data size needed for presenta
tion of the first display composition is divided by the transfer
rate of the playback apparatus (128 Mbps), and multiplied by
90 KHZ for expressing the result in the time accuracy of PTS
(90 KHZ). Then, the transfer duration taken for presentation
of the first page is calculated. FIG.35B shows the equation for
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calculating the PAGDEFAULTTD(DS) in the case where no
in-effect is provided and the default selected button is stati
cally determined.
0267. In the case where the default selected button is
dynamically determined, the equation shown in FIG. 35B is
not applicable because it is not known which of the buttons on
PageIO is selected as default. Thus, the TRANSFERDURA
TION needs to be calculated for the worst case. The worst

case is where the button with the largest size is selected as
default among the buttons defined by the DS,(ICS). Page 0.
Among the buttons of DS,(ICS). PageIO), the button with the

largest size is denoted as LRG button: buttoneDSICS).
PAGE(0). Button.

0268. Then, the data size needed to be transfer in the
above-mentioned worst case (the maximum data size) is cal
culated as follows. First, the total size of all the buttons on

PageIO (PageIO.Buttons from (0) through (number of But
ton-1)) is calculated. To the thus calculated total size, the size

of the button LRG (BSIZE (DS LRG button: buttoneDS,
ICS). PAGEO.Button})) is added. Further, from the result
ing value, the size of graphics data associated with the normal
state of the button LRG (NBSIZE (DS, LRG button: but
toneDSICS.PAGEO). Button})) is subtracted to obtain the
maximum data size.

0269. The maximum data size calculated in the above
manner is divided by the transfer rate of the playback appa
ratus (128 Mbps), and further multiplied by 90 KHZ for
expressing the result in the time accuracy of PTS (90 KHZ).
Then, the transfer duration taken for presentation of the first
page of the Multi-Page menu is calculated. FIG. 35C shows
the equation for calculating the PAGENODEFAULTTD

(DS) in the case where no in-effect is provided and the
default selected button is dynamically determined.
0270 FIG. 36 is a view showing an algorithm for selec
tively determining one of the EFFECTTD, PAGEDE
FAULTTD, and PAGENODEFAULTTD as the TRANSFER

DURATION. As shown in the figure, if at least one in-effect
is provided (if (DSICS.PAGEO). IN EFFECTS. number
of effects!=0)), the EFFECTTD is determined as TRANS
FERDURATION (return EFFECTTD(DS)). If no in-effect
is provided for introducing PageIO and no default selected
button is statically specified (DSICS. PAGE0.default se
lected button id ref=0xFFFF), the PAGEDEFAULTTD
is determined as the TRANSFERDURATION (return
PAGENODEFAULTTD(DS)). If no in-effect is provided for
introducing PageIO and the default selected button is stati
cally determined, the PAGEDEFAULTTD is determined as
the TRANSFERDURATION (return PAGEDEFAULTTD
(DSn)).
0271 As described above, according to the fifth embodi
ment of the present invention, the DTS and PTS values of an
ICS are optimally determined in accordance with the data size
of ODSs. Thus, the interactive control is smoothly performed
without delay.
Sixth Embodiment

0272. A sixth embodiment of the present invention relates
to the playback apparatus used for playback of the BD-ROMs
described in the first to fifth embodiments. FIG. 37 is a view

showing the internal structure of the playback apparatus. The
playback apparatus according to the sixth embodiment is
industrially manufactured based on the internal structure
shown in FIG. 37. The playback apparatus is mainly com
posed up of two parts that are a system LSI and a drive device.
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The playback apparatus can be industrially manufactured by
mounting these parts on a cabinet and Substrate of the appa
ratus. The system LSI is an integrated circuit including Vari
ous processing units for achieving the functions of the play
back apparatus.
0273. The playback apparatus manufactured in the above
manner is composed of a BD drive 1, a read buffer 2, a
demultiplexer (De-MUX)3, a video decoder 4, a video plane
5, P-Graphics decoder 6, a presentation plane 7, an adder 8, an
I-Graphics decoder 9, an interactive graphics plane 10, an
adder 11, an audio decoder 13, CLUT (Color Lookup Table)
units 14 and 15, a PRS set 16, a system clock 17, a user
timeout timer 18, a selection timeout timer 19, a compos
tion timeout timer 20, an effect duration timer 21, an opera
tion receiving unit 22, and a state control unit 23.
0274 The BD drive 1 performs loading, reading, and
ejecting of the BD-ROM. The BD drive 1 makes access to the
BB-ROM 100.

(0275. The read buffer is a FIFO (first-in first-out) memory.
Accordingly, TS packets read from the BD-ROM are
removed from the read buffer 2 in the same order as they
arrive.

(0276. The De-MUX 3 reads TS packets from the read
buffer 2 and converts them to PES packets. Among the result
ing PES-packets, PES packets having a predetermined stream
PID are outputted to one of the video decoder 4, the audio
decoder 13, the P-Graphics decoder 6, and the I-Graphics
decoder 9.

(0277. The video decoder 4 decrypts PES packets received
from the De-MUX 3, and rendered the resulting uncom
pressed picture data to the video plane 5.
0278. The video plane 5 is a plane memory for storing
uncompressed picture data. The term “plane' refers to a
memory area of a playback apparatus for storing one screen of
pixel data. With provision of multiple planes, the playback
apparatus can add the stored data on each plane pixel by pixel
to produce one video output, whereby a plurality of graphics
images are overlaid as one composite image. The resolution
of the video plane 5 is 1920x1080. Picture data is stored on
the video plane 5 as 16-bit pixel data expressed in YUV
values.

0279. The P-Graphics decoder 6 decodes a graphics
stream read from the BD-ROM or HD, and renders the result

ing uncompressed graphics to the presentation graphics plane
7. As the graphics stream is decoded and rendered, subtitles
appear on Screen.

0280. The presentation graphics plane 7 is a memory hav
ing an area for storing one screen of uncompressed graphics.
The resolution of this plane is 1920x1080, and uncompressed
graphics are stored on the presentation graphics plane 7 as
8-bit pixel data expressed in index color. By converting the
index color using the CLUT (Color Lookup Table), the
uncompressed graphics stored on the presentation graphics
plane 7 are presented.
0281. The adder 8 overlays the uncompressed picture data
(i) with the contents stored on the presentation graphics plane
7

0282. The I-Graphics decoder 9 decodes an IG stream read
from the BD-ROM or HD, and renders the resulting uncom
pressed graphics to the interactive graphics plane 10.
0283 To the interactive graphics plane 10, uncompressed
graphics data decoded by the I-Graphics decoder 9 is ren
dered.
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0284. The adder 11 overlays the data on the interactive
graphics plane 10 with the output of the adder 8 (i.e. with the
interim video data maid by overlaying uncompressed picture
data and the contents stored on the presentation graphics
plane 7) to make the final video output.
0285. The audio decoder 13 decodes PES packets received
from the De-MUX 3 to output uncompressed audio data.
0286. The CLUT unit 14 converts index colors of the
uncompressed graphics stored on the presentation graphics
plane 7 to Y. Cr, and Cb values.
0287. The CLUT unit 15 converts index colors of the
uncompressed graphics stored on the interactive graphics
plane 10 to Y. Cr, and Cb values.
0288. The PSR set 16 is a set of registers provided within
the playback apparatus. The set of registers include 64 player
status registers (PSRs) and 4,096 general purpose registers
(GPRs). The 64 player status registers represent the current
status of the playback apparatus. Specifically, the PSRs 5-8
represent the current playback point. The PRS 8 takes on a
value ranging from 0 to 0xFFFFFFFF representing the cur
rent playback point (current PTM: Presentation Time) in 45
KHZ. The PSR 11 represents the page id of the currently
active page (current page). The PSR 10 represents the button
in the selected State (current button) on the current page.
0289. The system clock 17 generates clock signals. The
De-MUX 3 performs the conversion of PES packet in syn
chronism with the clock signals.
0290 The user timeout timer 18 is set to the value of
user time out duration field at the time specified by the PTS
(DSICS). When the user time out duration field value is
set, the timer 18 starts to count down toward Zero in system
clock ticks. The timer 18 is reset back to the user time out

duration field value each time a user operation is received. If
no user operation is received before the timer 18 reaches zero,
the timer 18 times out.

0291. The selection timeout timer 19 is set to the value of
selection time out pts field at the time specified by the PTS
(DSIICSI). When the selection time out pts field value is
set, the timer 19 starts to count down toward Zero in system
clock ticks. The timer 19 is reset back to the selection time

out pts field value each time a user operation is received. If no
user operation is received before the timer 19 reaches zero,
the timer 19 times out. When the timer 19 times out, it is

known that the valid interaction period shown in FIG. 9 has
ended.

0292. The composition timeout timer 20 is set to the value
of compostion time out pts field at the time specified by the
DTS(DSIICSI). When the compostion time out pts field
value is set, the timer 20 starts to count down toward Zero in

system clock ticks. The timer 20 is not reset even if a user
operation is received. When the timer 20 reaches to Zero, i.e.
the timer 20 times out, it is known that the Epoch END has
been reached.

0293. The effect duration timer 21 is set to the value of

effect duration field at the time specified by the DTS (DS,
ICSI) if the DS, is an Epoch Start DS. When the effect
duration field value is set, the timer 21 starts to count down

toward Zero in system clock ticks. The timer 21 is not reset
evenifa user operation is received. When the timer 21 reaches
Zero, i.e. the timer 21 times out, it is known a next display
composition of the animation effect needs to be displayed.
0294 The operation receiving unit 22 receives a user
operation made on the remote controller or the front panel of
the playback apparatus, and outputs information representing
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the received user operation (the information is hereinafter
referred to as “UO) to the I-Graphics decoder 9.
0295 The state control unit 23 sets desired values to the
PSRs according to the instructions from the I-Graphics
decoder 9. Such instructions may be given by way of (i) direct
addressing or (ii) indirect addressing. In the case of direct
addressing, the I-Graphics decoder 9 outputs an immediate
value to be set to an appropriate register of the PSR set 16. In
the case of indirect addressing, the I-Graphics decoder 9
outputs a notification of a change in the playback apparatus
status or in the user preferences. On receiving Such a notifi
cation, the status controller 23 determines the value to be set

to reflect the change, and sets the thus determined value to an
appropriate register of the PSR set 16. The status controller 23
determines the value by performing a “procedure when play
back condition is changed’ or “procedure when change is
requested’. Hereinafter, a description is given to the proce
dures performed for setting the PSR 11 (current page) and the
PSR 10 (current button).
0296 FIG. 38A is a flowchart of the “procedure when
playback condition is changed, preformed with respect to
the PSR 11. This procedure is performed to set the first
page info structure within an ICS to the PSR 11 (step S99).
0297 FIG. 38B is a flowchart of the “procedure when
change is requested, preformed with respect to the PSR 11.
Suppose that a user operation is received and a page having
the page number X is requested to be presented. In response
to the user operation, the status controller 23 judges whether
X is a valid value (step S100). If X is a valid value, the PSR 11
is set to the value of X (step S101). If X is invalid, the PSR 11
remains unchanged (step S102).
0298. The value of PSR 11 changes as described above.
Turning now to the PSR 10, a description is given to the
“procedure when playback condition is changed’ and to the
“procedure when change is requested'.
0299 FIG. 39A is a flowchart of the “procedure when
playback condition is changed, performed with respect to
the PSR 10.

0300 First, the status controller 23 judges whether the
default selected button id ref field value associated with

the current page is valid (step S111). If the judgment in the
step S111 results in YES, the default selected button id ref
field value is set to the PSR 10 (step S112)
0301 If the default selected button id ref field value is
invalid, it is then judged whether the PSR 10 holds a valid
value (step S113). If the PSR 10 is valid, the PSR 10 remains
unchanged so that the currently held value is maintained (step
S114). On the other hand, if the PSR 10 is invalid, the PSR 10
is set to the button id ref field value identifying the first
button info structure of the current page (step S115).
(0302 FIG. 39B is a flowchart of the “procedure when
change is requested, performed with respect to the PSR 10.
Suppose that a user operation is made and a button having the
button number X is requested to be selected. In response to the
user operation, the status controller 23 judges whether X is a
valid button idfield value (step S116). If X is a valid value,
the PSR 10 is set to the value of X (step S118). If X is an
invalid value, the PSR 10 remains unchanged and thus the
currently held value is maintained (step S117). With the
above-described procedures, the PSRs 10 and 11 are ensured
to hold current values at all times. This concludes the descrip
tion about the internal structure of playback apparatus.
<Internal Structure of I-Graphics Decoder 9
0303) Next, a description is given to the internal structure
of I-Graphics decoder 9, with reference to FIG. 40. As shown
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in the figure, the I-Graphics decoder is composed of a coded
data buffer 33, a stream graphics processor 34, an object
buffer 35, a composition buffer 36, and a graphics controller
37.

0304) The coded data buffer 33 is a buffer for temporally
storing an ICS, a PDS, and an ODS along with their DTS and
PTS.

0305 The stream graphics processor 34 decodes an ODS
and outputs the resulting uncompressed graphics objects to
the object buffer 35.
(0306 The object buffer 35 is a buffer for storing a plurality
of uncompressed graphics objects (represented by the boxes
in the figure), which are decoded by the stream graphics
processor 34.
0307 The composition buffer 36 is a memory for storing
an ICS. The composition buffer 36 supplies to the graphics
controller 37, the page info structures provided within the
ICS and the button info structures provided within each
page info structure.
0308 The graphics controller 37 decodes an ICS stored in
the composition buffer 37 and assembles a display composi
tion based on the decoded ICS. That is, the graphics controller
37 reads graphics objects from the object buffer 15 with
reference to the page info structure identified by the value of
PSR 11 (current page info structure), and renders the read
graphics objects to the interactive graphics plane 10. The
graphics objects read herein are a sequence of graphics
objects specified by the normal start object id ref field
value through the normal end object id ref field value of
each button info structure associated with the current page.
With respect to the button info structure specified by the PSR
10, a sequence of graphics objects specified by the selected
start object id ref field value through the selected end ob
ject id ref field value is read from the object buffer 15. In
FIG. 40, arrows bg1, bg2, bg3, and bg4 schematically repre
sent the rendering of graphics objects performed by the
graphics controller 37. As a result of the rendering, a page
including the buttons O-A, O-B, O-C, and O-D is stored on
the interactive graphics plane 10 and overlaid with the video.
0309 This concludes the rough description of procedures
to be performed by the graphics controller 37. Furthermore,
the graphics controller 37 updates the display composition in
response to the changes in the value of PSR 10 or PSR 11, the
timeout of the timers 18-21, or a user operation received by
the composition timeout timer 20. The procedures performed
by the graphics controller 37 are shown in FIGS. 41-47 in
detail.

0310 FIG. 41 is a flowchart of the main routine of the
procedure performed by the graphics controller 37. In the
main routine, steps S1-S6 form a loop. In each iteration of the
loop, judgments are made as to whether specific events have
occurred (steps S1-S4), a display composition of the Multi
Page menu is updated to a Subsequent display composition for
animated presentation (step S5), and processing is performed
according to a user operation (UO processing) (step S6). If
any of the judgments in the steps S1-S4 results in YES,
corresponding steps are performed and the processing returns
to the main routine.

0311. In the step S1, the judgment is made as to whether
the current playback point has reached the point specified by
the PTS (DSIICS). If the judgment in the step S1 results in
YES, the above described “procedure when playback condi
tion is changed’ is performed. As a result, PageIO, which is

the 1 page of the Multi-Page menu, is set as the current page

Feb. 25, 2010

(step S7). Then, the user timeout timer 18, the selection
timeout timer 19, and the composition timeout timer 20 are
all reset (step S8), and the current page is presented on Screen
(step S9). The processing then goes back to the step S1 for the
next loop iteration.
0312. In the step S2, the judgment is made as to whether
the user timeout timer 18 has timed out. If the judgment in
the step S2 results in YES, a loop of steps S11-S14 is per
formed. In each iteration of the loop, an arbitrary Page of
the Multi-Page menu is removed from the screen (step S13),
followed by playback of an out-effect animation provided for
Page (step S14). The loop is repeated for each page from
PageIO onward, defined within the ICS (steps S11 and S12).
0313. In the step S3, the judgment is made as to whether
the selection timeout timer 19 has timed out. If the judgment
in the step S3 results in YES, a button on the current page is
automatically activated (auto-activate: steps S10). Then, the
processing returns the step S1 for the next loop iteration.
0314. In the step S4, the judgment is made as to whether
the composition timeout timer 20 has timed out. If the judg
ment in the step S4 results in YES, PageIO, which is the first
page of the Multi-Page menu, is removed from the screen
(step S15), followed by playback of the out-effect animation
provided for PageIO (step S16). Then, the processing returns
to the step S1 for the next loop iteration.
0315 Now, a description is given to the first presentation
of the multi-page menu. The first presentation is carried out
through steps S15-S23 shown in FIG. 42, after the state con
trol information 23 performs the above-described “procedure
when playback condition is changed to set PageIO as the
current page. In the step S24, the in-effect animation for the
current page is executed. In the step S25 that follows, a
current button setting procedure is performed. The current
button is specified by the PSR 10. Thus, in the step S25, the
“procedure when playback condition is changed' is per
formed with respect to the PSR 10, so that the current button
is determined. Then, the processing moves onto the steps
S17-S22.

0316 The steps S17 and S22 form a loop which is repeated
for each button info structure provided in the current page
(steps S17 and S18). The button info structure to be pro
cessed in the current iteration of the loop is designated as
button info (p).
0317. In the step S19, a judgment is made as to whether the
button info (p) is associated with the current button. If the
judgment in the step S19 results in YES, the step S20 is
performed next. If not, the step S21 is performed next.
0318. In the step S21, among the graphics objects on the
object buffer 35, one specified by the normal start object
id ref field value is designated as the graphics object (p).
0319. In the step S20, among the graphics objects on the
object buffer 35, one specified by the selected start object
id ref field value is designated as the graphics object (p).
0320 Once the graphics object (p) is designated in the step
S20 or S21, the graphics object (p) is rendered to the interac
tive graphics plane 10 at the position specified by the button
horizontal position and button Vertical position field values
(step S22). By repeating the above steps for each button info
structures provided in the current page, among a plurality of
graphics objects associated with each button State, the first
graphics object is rendered for each button to the interactive
graphics plane 10. After repeating the above steps, the CLUT
unit 15 is set so as to present the current page using the pallet
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data specified by the pallet id ref field value of the current
page (step S23). This concludes the description of the flow
chart shown in FIG. 42.

0321

FIG. 43 is a flowchart of the procedure for playback

ofanin-effect animation. In the flowchart, a variablet denotes

an arbitrary one of display compositions within the effect
sequence defined for the in-effect. In addition, a variable u
denotes an arbitrary one of a composition object out of com
position objects used for the effect(t). As shown in the flow
chart, first of all, the variables t and u are initialized to “0”

(step S30). Then, the effect duration timer 21 is set to the
value of the effect (t).effect duration field (step S31), and the
CLUT units 14 and 15 are set so as to use the pallet data
identified by the effect (t).pallet id reffield value for presen
tation (step S32). Then, a loop of steps S33-S40 is performed.
The loop is a two-level loop. The first-level loop (steps S33
S37) uses the variable u as a control variable, whereas the
second-level loop (step S33-S40) uses the variable t as a
control variable.

0322. In the first-level loop, a judgment is made as to
whether the object cropped flag field provided within the
composition object (u) structure associated with the effect (t)
is set to “0” (step S33). If the field is set to “0”, no graphics
object is presented on screen for composition object (u) (step
S35). If the field is set to “1”, on the other hand, the object is
cropped according to the object cropping horizontal posi
tion, object cropping vertical position, cropping width,
and cropping height fields of the composition object (u).
The cropped part of the graphics object is then rendered
within the window identified by the window id ref field of
the composition object(u), at the position specified by the
composition object horizontal position and the composi
tion object Vertical position fields within the composition
object(u) (step S34). Then, the variable u is incremented by
“1”. The first-level loop is repeated until the variable u is
equal to the number of composition object field value.
0323. In the second-level loop, for each iteration of the
first-level loop (steps S33-S37), the following steps are per
formed. After the effect duration times out (step S38), the
variable t is incremented by “1”, and the variable u is initial
ized to “0” (steps S39). The second-level loop is repeated
until the variable t is equal to the number of effect (t) field
value (step S40). This concludes the description of the pro
cedure for playback of In-effect. Note that no description is
given to the procedure for playback of an out-effect, because
it is basically the same to the above-described procedure.
0324 Immediately after playback of the in-effect, a cur
rent page is presented and the first display is updated for
animated presentation. The first display composition of the
current page is presented by rendering to the interactive
graphics plane 10, the graphics objects associated with the
normal start object id ref and the selected Start object i
d ref field values provided in each button info structure.
Each button is presented in animation by updating the button
image on the interactive graphics plane 10 for each iteration
of the loop in the main routine. Each button image is updated
by overwriting the interactive graphics plane 10 with an arbi
trary one of a sequence of graphics objects (qth graphics
object) associated with the button. That is to say, each button
is presented in animation by rendering a sequence of graphics
objects associated with the normal state info and selected
state info fields provided within each button info structure,
one by one to the interactive graphics plane 10. Note that the
variable q is used to specify individual graphics objects asso
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ciated with the normal state info and selected State info

fields provided within each button info structure.
0325 Now, with reference to FIG. 44, a description is
given to the procedure for display update for animated pre
sentation.

0326 In a step S41, a judgment is made as to whether the
first display composition has been presented. If the first dis
play composition is not yet presented, the processing returns
to the main routine without performing any operation. If the
first display composition has been presented, on the other
hand, steps S42-S53 are performed. The steps S41-S55 form
a loop in which the steps S44-S55 are repeated for each
button info structure in the ICS (steps S42 and S43).
0327. In the step S44, the variable q is set to the value of
variable animation (p) corresponding to the button info (p)
structure. As a result, the variable q represents the current
frame number of the button info(p).
0328. In the step S45, a judgment is made as to whether the
button info(p) corresponds to the button currently in the
selected state (i.e. the current button).
0329 If the button info(p) does not correspond to the
current button, the variable q is added to the normal start
object id ref in the button info(p) to obtain an ID(q) (step
S46).
0330. If the button info (p) corresponds to the current
button, the step S47 is performed.
0331. In the step S47, a judgment is made as to whether the
current button is in the activated state. If the judgment in the
step S47 results in YES, the variable q is added to the activat
ed start object id ref field value in the button info(p) to
obtain an ID(q) (step S54). Then, one of the navigation com
mands associated with the button info (p) is executed (step
S55).
0332. On the other hand, if the current button is not in the
activated State, the variable q is added to the selected Start
object id ref field value in the button info(p) to obtain an
ID(q) (step S48).
0333) Once the ID(q) is obtained, among the graphics
objects stored on the object buffer35, the one identified by the
ID (q) is rendered to the interactive graphics plane 10. The
rendering position on the interactive graphics plane 10 is
specified by the button horizontal position and the button
vertical position fields provided in the button info (p).

0334) Through the loop iteration, the q" one of the graph

ics objects associated with the selected (or activated) state of
the current button is rendered to the interactive graphics plane
10.

0335. In the step S50, a judgment is made as to whether the
Sum of the normal start object id ref field value and the
variable q has reached the normal end object id ref field
value. If the Sum has not reached the normal end object id
ref field value, the variable q is incremented by “1” and the
incremented variable q is set as the variable animation (p)
(step S51). On the other hand, if the sum has reached the
normal end object id reffield value, a judgment is made as
to whether the repeat flag field is set to “1” (step S52). If the
repeat flag field is set to “1, the variable animation (p) is
initialized to “0” (step S53). The above steps are repeated for
each button info structure within the ICS (steps S42 and
S43), and then processing returns to the main routine.
0336 Through the above-described steps of S41-S53,
each button image presented on screen is updated with a new
graphics object each time the main routine is performed.
Thus, by repeating the main routine, the buttons images are
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presented in animation. When presenting the buttons in ani
mation, the graphics controller 37 adjusts the duration for
presenting each graphics object so as to maintain the anima
tion frame rate code. This concludes the description of the
procedure for animated presentation.
0337. In the step S47 described above, if it is judged that
the current button is in the activated State, a navigations com
mand associated with the current button needs to be executed

in the step S55. FIG. 45 is a flowchart of the procedure for
executing a navigation command. First, a judgment is made
as to whether the navigation command is a SetButtonPage
Command (step S56). If the navigation command is not a
SetButtonPageCommand, the navigation command is simply
executed (step S57). On the other hand, if the navigation
command is a SetButtonPageCommand, instructions are
given to the state control unit 23 So as to designate the page
number specified by the operand of the navigation command
as the page number X as well as to set the button number
specified by the operand of the navigation command to the
PSR 10 (step S58). Then, the state control unit 23 executes the
“procedure when change is requested, with respect to the
PSR 11 (step S59). As mentioned above, the PSR 11 holds a
value representing the currently presented page (i.e. the cur
rent page). Thus, by performing the “procedure when change
is requested with respect to the PSR 11, the current page is
determined. Then, the state control unit 23 performs the “pro
cedure when playback condition is changed, with respect to
the PSR 10 (step S60). This concludes the description of the
flowchart shown in FIG. 45.

0338. This concludes the description of the procedure for
executing a navigation command. As stated above, a naviga
tion command is executed when an associated button is acti

vated. The button State changes are presented through the
following procedure in response to a user operation (UO).
FIG. 46 shows the procedure for processing a UO. As shown
in the flowchart, judgments are made in steps S61-S64 as to
whether specific events have occurred. An occurrence of each
event requires specific steps to be performed. The processing
then returns to the main routine. Specifically, in the step S61,
a judgment is made as to whether the UO mask table field is
set to “1”. If the field is setto “1, the processing returns to the
main routine without performing any step.
0339. In the step S62, the judgment is made as to whether
any of the Move Up, Down, Left, and Right keys on the
remote controller is pushed. At a push of any of the keys, the
user timeout timer 18 and the selection timeout timer 19 are

reset (step S65). Then, another button is designated as the new
current button (step S66), followed by the judgment as to
whether the auto action flag of the newly designated current
button is set to "01" (step S67). If the auto action flag is not
set to "01, the processing returns to the main routine. On the
other hand, if the auto action flag is set to “01, the current
button(i) is activated (step S69). Then, the variable animation
(i) is set to “0” (step S70).
0340. In the step S63, the judgment is made as to whether
a numeric input is made. If a numeric input is made, the
user timeout timer 18 and the selection timeout timer 19 are

reset (step S71), and another button is designated as the new
current button (step S72). The processing then returns to the
main routine.

0341. In the step S64, a judgment is made as to whetheran
activate key on the remote controller is pushed. At a push of
the activate key, the user timeout timer 18 and the selection
timeout timer 19 are reset (step S68), and then the current
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button (i) is activated (step S69). After the button state tran
sition, the variable animation(i) is set to “0” (step S70). Note
that the step S66 of designating a new current button
described above is performed by calling a subroutine shown
in FIG. 47. Now, a description is given to the subroutine, with
reference to the figure.
0342 FIG. 47 is a flowchart of the current button change
procedure. First, it is determined which of upper button id
ref, lower button id ref, left button id ref, and right but
ton id reffields within the neighbor info associated with the
current button corresponds to the pushed key (step S75).
0343 Here, let a button(Y) denote the current button, and
let a button X denote the button specified by the one of
upper button id ref, lower button id ref, left button id
ref, and right button id ref fields (step S76). Then, the state
control unit 23 performs the “procedure when change is
requested with respect to the PSR 10 (step S77). As a result,
the PSR 10 is set to the value X.

0344) Thereafter, the variables animation (X) and anima
tion(Y) are set to “0” (step S78), and returns to the main
routine.

0345. As described above, in the UO processing, a button
is activated in response to a UO.Yet, the button state transition
to the activated State is made also when the selection time

out pts times out. Now, with reference to FIG. 48, a descrip
tion is given to the procedure for auto-activation of a button
upon timeout of the selection time out pts.
0346 FIG. 48 is a flowchart of the procedure for auto
activation of a button. First, a judgment is made as to whether
the default activated button id ref field is set to "00” or

“FF' (step S91). If the field is set to “00, the processing
returns to the main routine without performing any step. On
the other hand, if the default activated button id refis set to

“FF", the current button(i) is activated (step S93). Thereafter,
the variable animation(i) corresponding to the current button
(i) is set to “0” (step S94), and returns to the main routine.
0347 If the default activated button id ref field value is
neither “00' nor “FF, the button specified by the default
activated button id ref field value is determined to be the

new current button (i) (step S92). Thus, the button specified
by the default activated button id ref field value receives
the activated state (step S93). Thereafter, the variable anima
tion (i) corresponding to the current button(i) is set to “O'”
(step S94), and returns to the main routine.
0348 Through the above steps, the button in the selected
state is automatically put into the activated State at an end of
a predetermined duration. This concludes the description of
the flowchart shown in FIG. 47.

<Turn On/Off of Graphics Display in Pop-Up U/D
0349 The description given above relates to the procedure
performed by the I-Graphics decoder 9 in the case where the
user inderface model shows the Always-On U/I. In the case
where the Pop-Up U/I is used, the I-Graphics decoder 9
operates as follows. First, similarly to the Always-On U/I
case, the I-Graphics decoder 9 performs the decoding to
obtain decoded graphics objects on the object buffer 35. The
I-Graphics decoder 9 then renders the graphics objects to the
interactive graphics plane 10 by the time shown by the PTS
(DSIICSI). Up to this point, the I-Graphics decoder 9 oper
ates in a similar manner to the case where Always-On U/I is
used. Yet, the processing performed thereafter differs in that
the graphics controller 37 does not overlay the page stored on
the interactive graphics plane 10, and thus the page is not
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presented. That is to say, graphics controller 37 “turns off the
page by not outputting the data stored on the interactive
graphics plane 10 to the CLUT unit 15. With the page not
presented on screen (i.e. turned off), the graphics controller
37 waits for a user operation for Pop-Up on. In response to a
user operation for Pop-Up on, the graphics controller 37
outputs the graphics data stored on the interactive graphics
plane 10 to the CLUT unit 15 where the graphics data is
overlaid with the video data. As a result, the page is “turned
on' or presented on screen. As above, the graphics controller
37 turns on and off the graphics display to realize Pop-Up
display.
0350. In the operations performed thereafter, there is no
difference between the Always On U/I and the Pop-Up U/I.
When any of the buttons on the main page is activated, a
navigation command associated with the activated button is

the constraints of the player model. If the judgment results in
the negative, the DTS and PTS of each functional segment are
rewritten in the step S211. If the judgment results in the
affirmative, a graphics stream is generated in the step S212,
and the graphics stream is multiplexed with a video stream
and an audio stream, which are separately generated, to form
an AV Clip in the step S213. After this, the AV Clip is adapted
to the Blue-ray Disc Read-Only Format, to complete the
application format.

executed. When the selection timeout timer 19 times out, the

below. The invention recited in each of the claims of this

current button on the main page is automatically activated and
a Sub page is presented on screen.
0351 When a user operation is made for Pop-Up off, the
graphics controller 37 tunes off all on-screen pages, thereby
leaving no page presented on screen.
0352. If no user operation is made for a certain period of
time, the user timeout timer 18 counts down toward Zero.

When the user timeout timer 18 times out, the graphics con
troller 37 also turns off all on-screen pages, thereby leaving
no page presented on screen. The turn on and turn off proce
dures described above are performed to realize the state tran
sition shown in FIG. 12A.

0353 As above, through the turn on and the turn off opera
tions, Pop-Up U/I is implemented.
0354 As described above, the sixth embodiment of the
present invention realizes the industrial production of play
back apparatuses supporting the BD-ROM having the data
structures as described in the first to fifth embodiments. This

helps for widespread use of the BD-ROMs according to the
first to fifth embodiments.
Seventh Embodiment

0355. A seventh embodiment of the present invention
relates to a manufacturing process of the BD-ROM. FIG. 49
is a flowchart of the manufacturing process of the BD-ROMs
according to the first to fifth embodiments.
0356. The manufacturing process includes a material pro
duction step of recording video, audio, and the like (step
S201), an authoring step of creating an application format
using an authoring device (step S202), and a pressing step of
creating an original master of the BD-ROM and performing
stamping and bonding to complete the BD-ROM (step S203).
0357 The BD-ROM authoring step includes the following
steps S204-S213.
0358 Now, a description is given to the steps S204-S213.
In the step S240, control information, palette definition infor
mation, and graphics are generated. In the step S205, the
control information, the palette definition information, and
the graphics are converted to functional segments. In the step
S206, a PTS of each ICS is set based on the display timing of
a picture to be synchronized with. In the step S207, a DTS
ODS and a PTSODS are set based on the PTSICS. In the
step S208, a DTSICS and a PTSPDS are set based on the
DTSODS).

0359. In the step S209, changes in occupancy of each
buffer in the player model are graphed. In the step S210, a
judgment is made as to whether the graphed changes satisfy

Modifications

0360 Though the present invention has been described by
way of the above embodiments, the present invention is not
limited to those specific embodiments. The present invention
may be embodied with any of the modifications (A) to (L)
application includes extension and generalization of the
above embodiments and their modifications below. The

degree of extension and generalization depends upon the state
of the art in the technical field of the present invention at the
time when the present invention was made.
0361 (A) The above embodiments describe the case
where the BD-ROM is used as the recording medium. Main
features of the present invention, however, lie in a graphics
stream recorded on the recording medium, which does not
rely on physical characteristics of BD-ROMS. Therefore, the
present invention is applicable to any recording medium that
is capable of recording a graphics stream. Examples of such a
recording medium include: an optical disc Such as a DVD
ROM, a DVD-RAM, a DVD-RW, a DVD-R, a DVD+RW, a

DVD+R, a CD-R, or a CD-RW: a magneto-optical disk such
as a PD or an MO; a semiconductor memory card Such as a
CompactFlash card, a SmartMedia card, a Memory Stick
card, a Multimediacard, or a PCMCIA card; a magnetic disk
such as a flexible disk, SuperDisk, Zip, or Clik!; a removable
hard disk drive such as ORB, Jaz, SparO, Syet, EZFley, or
Microdrive, and a nonremovable hard disk drive.

0362 (B) The above embodiments describe the case
where the playback apparatus decodes an AV Clip on the
BD-ROM and outputs the decoded AV Clip to the television.
As an alternative, the playback apparatus may be equipped
with only a BD drive, with the remaining construction ele
ments being provided in the television. In this case, the play
back apparatus and the television can be incorporated in a
home network connected with an IEEE 1394 connector. The

above embodiments describe the case where the playback
apparatus is connected to the television, but the playback
apparatus may instead be integrated with a display device.
Also, the playback apparatus may include only the system
LSI (integrated circuit) which carries out an essential part of
the processing. The playback apparatus and the integrated
circuit are both an invention described in this specification.
Accordingly, regardless of whether the playback apparatus or
the integrated circuit is concerned, an act of manufacturing a
playback apparatus based on the internal structure of the
playback apparatus described in the sixth embodiment is an
act of practicing the present invention. Also, any act of assign
ing with charge (i.e. for sale) or without charge (i.e. as a gift),
leasing, and importing the playback apparatus is an act of
practicing the present invention. Likewise, an act of offering
for assignment or lease of the reproduction apparatus using
storefront displays, catalogs, or brochures is an act of prac
ticing the present invention.
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0363 (C) Information processing using the programs
shown in the flowcharts is actually realized using hardware
resources. Accordingly, the programs which describe the pro
cedure steps shown in the flowcharts are themselves an inven
tion. The above embodiments all relate to the case where the

programs are incorporated in the playback apparatus, but the
programs can be used independently of the playback appara
tus. Acts of practicing the programs include (1) an act of
manufacturing, (2) an act of assigning with or without charge,
(3) an act of leasing, (4) an act of importing, (5) an act of
providing to the public via a bi-directional electronic com
munications network, and (6) an act of offering for assign
ment or lease using storefront displays, catalogs, or bro
chures.

0364 (D) The time elements of the steps which are
executed in a time series in each of the flowcharts can be

regarded as the necessary elements of the present invention.
This being so, a playback method shown by these flowcharts
is an invention. If the processing shown in each flowchart is
carried out by performing the steps in a time series so as to
achieve the intended aim and the intended effect, it is consid

ered as an act of practicing the playback method of the present
invention.

0365 (E) When recording an AV Clip on the BD-ROM, an
extension header may be added to each TS packet in the AV
Clip. The extension header is called a TP extra header,
includes an arrival time stamp and a copy permission indi
cator, and has a data length of 4 bytes. TS packets with
TP extra headers (hereafter “EXTS packets’) are grouped
in units of 32 packets, and each group is written to three
sectors. One group made up of 32EXTS packets has 6,144
bytes (32x192), which is equivalent to a size of three sectors
that is 6144 bytes (=2048x3). The 32 EXTS packets con
tained in the three sectors are called an “Aligned Unit.
0366. In a home network connected with an IEEE 1394
connector, the playback apparatus transmits an Aligned Unit
in the following manner. The reproduction apparatus removes
a TP extra header from each of the 32 EXTS packets in the
Aligned Unit, encrypts the body of each TS packet according
to the DTCP Specification, and outputs the encrypted TS
packets. When outputting the TS packets, the playback appa
ratus inserts an isochronous packet between adjacent TS
packets. A position where the isochronous packet is inserted
is based on a time shown by an arrival time stamp of the
TP extra header. The playback apparatus outputs a DTCP
descriptor, as well as the TS packets. The DTCP descriptor
corresponds to a copy permission indicator in the TP extra
header. With the provision of the DTCP descriptor indicating
“copy prohibited', it is possible to prevent, when using the TS
packets in the home network connected via the IEEE 1394
connector, the TS packets from being recorded to other
devices.

0367 (F) The above embodiments relate to the case where
an AV Clip of the Blu-ray. Disc Read-Only Format is used as
a digital stream, but the present invention may also be embod
ied with a VOB (Video Object) of the DVD-Video Format or
the DVD-Video Recording Format. The VOB is a program
stream that complies with the ISO/IEC 13818-1 Standard and
is obtained by multiplexing a video stream and an audio
stream. Also, the video stream in the AV Clip may be an
MPEG4 video stream or a WMV video stream. Further, the

audio stream in the AV Clip may be a Linear PCM audio
stream, a Dolby AC-3 audio stream, an MP3 audio stream, an
MPEG-AAC audio stream, or a dts audio stream.
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0368 (G) The movie described in the above embodiments
may be one obtained by encoding an analog image signal
broadcast by analog broadcasting. Also, the movie may be
stream data made up of a transport stream broadcast by digital
broadcasting.
0369 Alternatively, an analog/digital image signal
recorded on a videotape may be encoded to obtain content.
Also, an analog/digital image signal directly captured by a
Video camera may be encoded to obtain a content. A digital
work distributed by a distribution server is applicable too.
0370 (H) Graphics objects described in the above
embodiments is run-length encoded raster data. Run-length
encoding is used for compression/encoding of graphics
objects, because the run-length encoding is suitable for com
pression and decompression of subtitles. Subtitles have the
property that a continuous length of the same pixel value in a
horizontal direction is relatively long. Therefore, by perform
ing compression using run-length encoding, a high compres
sion rate can be attained. In addition, run-length encoding
reduces a load for decompression, and is therefore suitable for
realizing decoding by software. Nevertheless, the use of run
length encoding for graphics objects is not essential to the
present invention. For example, graphics objects may be PNG
data. Also, graphics objects may be vector data instead of
raster data. Further, graphics objects may be transparent pat
terns.

0371 (I) The transfer rate Rc may be determined so that
clearing and rendering of the graphics plane complete within
a vertical blanking time. Suppose the vertical blanking time is
25% of 1/29.93 seconds. Then Rc is determined to be 1 Gbps.
By determining Rc in this way, graphics can be displayed
Smoothly, which achieves a significant effect on the practical
SC.

0372. Also, writing in sync with line scan can be used
together with writing within a vertical blanking time. This
ensures smooth presentation if the transfer rate Rc is 256
Mbps.
0373 (J) The above embodiments relate to the case where
the playback apparatus is provided with the graphics plane.
Alternatively, the playback apparatus may include a line
buffer for storing uncompressed pixels of one line. Since
conversion to an image signal is performed for each horizon
tal row (line), conversion to an image signal can equally be
performed with the line buffer.
0374 (K) In the case of a merge point of multiple playback
paths, a different button needs to be selected as default
depending on a playback path having been taken. Thus, it is
desirable to define such playback control in the static scenario
that a value unique to each playback pathis stored to a register
of the playback apparatus at the time when the playback path
is actually taken. The playback procedure may be set to put
the button specified by the register value to the selected state.
In this way, a different button is put to the selected state
depending on a playback path having been taken.
0375 (L) The graphics plane described in the sixth
embodiment preferably has a double buffer structure. If the
graphics plane has a double buffer structure, even when large
sized graphics data needs to be rendered, which requires a
time corresponding to several frames, each display composi
tion may be instantaneously presented by Switching between
two buffers. Thus, a double buffer structure is effective when

the menu of a full-screen size needs to be presented.
INDUSTRIAL APPLICABILITY

0376. The playback apparatus according to the present
invention is suitable for a personal use, for example in a home
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theater system. Since the above embodiments of the present
invention disclose the internal structure, playback appara
tuses having the internal structure can be produced on a large
scale. Thus, the playback apparatus according to the present
invention is industrially usable in its quality and has industrial
applicability.
What is claimed is:

1. A recording medium having recorded thereon a video
stream and a graphics stream, wherein:
the graphic stream includes one or more interactive com
position segments and object definition segments, each
object definition segment defining a graphics object;
each interactive composition segment includes a plurality
of pieces of page information;
the plurality of pieces of page information define display
compositions for pages of a multi-page menu, and each
page information includes one or more pieces of button
information;

each piece ofbutton information is used to presentagraph
ics object as one state of a button material, so that each
page of the multi-page menu is presented as an interac
tive display;
each interactive composition segment is encapsulated in a
packet that is attached with a presentation time stamp;
and

the presentation time stamp shows a time, on a playback
time axis of the video stream, at which a first page of the
multi-page menu becomes available for a pup-up dis
play, so that a state of the multi-page menu is changed
from a no menu display state to a first page only display
State.

2. The recording medium according to claim 1, wherein:
each interactive composition segment further includes tim
eout information showing a time for automatically
removing all pages presented on a screen other then the
first page to cause a state transition of the multi-page
menu from a multipage display state to a first-page dis
play state.
3. A playback apparatus for playing back a video stream
and a graphics stream, the playback apparatus comprising:
a video decoder operable to decode the video stream to
obtain a moving picture; and
a graphics decoder operable to decode the graphics stream
to obtain a first page and a second page,
wherein:

the graphic stream includes one or more interactive com
position segments and object definition segments, each
object definition segment defining a graphics object;
each interactive composition segment includes a plurality
of pieces of page information;
the plurality of pieces of page information define display
compositions for pages of a multi-page menu, and each
page information includes one or more pieces of button
information;

each piece ofbutton information is used to presentagraph
ics object as one state of a button material, so that each
page of the multi-page menu is presented as an interac
tive display;
each interactive composition segment is encapsulated in a
packet that is attached with a presentation time stamp;
and

the presentation time stamp shows a time, on a playback
time axis of the video stream, at which a first page of the
multi-page menu becomes available for a pup-up dis

play, so that a state of the multi-page menu is changed
from a no menu display state to a first page only display
State.

4. The playback apparatus according to claim 3, further
comprising:
a graphics plane,
wherein:

user operations include a user operation for pop-up on and
a user operation for pop-up off
the graphics decoder is operable to execute control that
includes

control to obtain a page on the graphics plane, by decod
ing object definition segments into uncompressed
graphics representing corresponding button materials
and writing the uncompressed graphics on the graph
ics plane,
control to turn on, if a user operation for pop-up on is
made after a current playback point reaches a point
corresponding to the time shown by the presentation
time stamp attached to the packet, contents stored on
the graphics plane so that the page is overlaid on the
moving picture, and
control to turn off, if a user operation for pop-up off is
made, the contents stored on the graphics plane so that
all pages overlaid on the moving picture are automati
cally removed.
5. The playback apparatus according to claim 4, wherein:
each interactive composition segment includes timeout
information;
the playback apparatus further comprises a user timeout
timer, the user timeout timer being operable to be preset
to a value of a timeout shown by the time information
and continuously count down while no user operation is
received; and

the control by the graphics decoder includes control to turn
off the contents stored on the graphics plane upon tim
eout of the user timeout timer, so that all pages overlaid
on the moving picture are automatically removed, so
that the state of the multi-page menu is changed to a no
menu display state.
6. A method for recording onto a recording medium, the
method comprising:
generating application data; and
recording the application data onto the recording medium,
wherein:

the application data includes a video stream and a graphics
Stream;

the graphic stream includes one or more interactive com
position segments and object definition segments, each
object definition segment defining a graphics object;
each interactive composition segment includes a plurality
of pieces of page information;
the plurality of pieces of page information define display
compositions for pages of a multi-page menu, and each
page information includes one or more pieces of button
information;

each piece of button information is used to presentagraph
ics object as one state of a button material, so that each
page of the multi-page menu is presented as an interac
tive display;
each interactive composition segment is encapsulated in a
packet that is attached with a presentation time stamp;
and
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the presentation time stamp shows a time, on a playback
time axis of the video stream, at which a first page of the
multi-page menu becomes available for a pup-up dis
play, so that a state the multi-page menu is changed from
a no menu display state to a first page only display state.
7. A computer program used for enabling a computer to
play back a video stream and a graphics stream, comprising
code operable to cause the computer to:
decode the video stream to obtain a moving picture; and
decode the graphics stream to obtain a first page and a
Second page,
wherein:

the graphic stream includes one or more interactive com
position segments and object definition segments, each
object definition segment defining a graphics object;
each interactive composition segment includes a plurality
of pieces of page information;
the plurality of pieces of page information define display
compositions for pages of a multi-page menu, and each
page information includes one or more pieces of button
information;

each piece ofbutton information is used to presentagraph
ics object as one state of a button material, so that each
page of the multi-page menu is presented as an interac
tive display;
each interactive composition segment is encapsulated in a
packet that is attached with a presentation time stamp;
and

in said decoding of the graphics stream, pop-up display of
the first page is presented in response to a user operation
made after a current playback point reaches a point
corresponding to the time shown by the presentation
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time stamp attached to the packet, so that a state of the
multi-page menu is changed from a no-menu display
state to a first page display state.
8. A method for playing back a video stream and a graphics
stream, the method comprising:
decoding the video stream to obtain a moving picture; and
decoding the graphics stream to obtain a first page and a
Second page,
wherein:

the graphic stream includes one or more interactive com
position segments and object definition segments, each
object definition segment defining a graphics object;
each interactive composition segment includes a plurality
of pieces of page information;
the plurality of pieces of page information define display
compositions for pages of a multi-page menu, and each
page information includes one or more pieces of button
information;

each piece of button information is used to presentagraph
ics object as one state of a button material, so that each
page of the multi-page menu is presented as an interac
tive display;
each interactive composition segment is encapsulated in a
packet that is attached with a presentation time stamp;
in said decoding of the graphics stream, pop-up display of
the first page is presented in response to a user operation
made after a current playback point reaches a point
corresponding to the time shown by the presentation
time stamp attached to the packet, so that a state of the
multi-page menu is changed from a no-menu display
state to a first page display state.
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c
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