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DESCRIPTION

RECORDING MEDIUM, REPRODUCTION APPARATUS, RECORDING METHOD,

INTEGRATED CIRCUIT, PROGRAM, AND REPRODUCTION METHOD

Technical Field

Thepresentinventionrelatesthrecordingmediumsuch
as' BD-ROM, and to a reproduction apparatus. The present
invention particularly relates to a technology for realizing
subtitle display and interactive display, by means of

graphics.

Background Art

Subtitle display by means of graphics has an important
mission of conveying words uttered by the characters in a
work, to people in every area of the world. One conventional
technology for realizing subtitle display is the subtitie
application of ETSI EN 300 743 standard (ETSI: European
Telecommunication Standards Institute). The subtitle
application is a video stream to be reproduced together with
subtitle display by means of graphics. Here, the graphics
that correspond to subtitle are displayed as a data stream
ofMPEGZ standard. Thedatastreamisa sequenceof PESpackets,
where each PES packet has a'PTS (presentation time stamp).

ETSI EN 300 743 standard defines the timing of subtitledisplay

1
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in a subtitle application. This standard establishes
synchronization between a moving picture and graphics, in
which graphics is displayed when corresponding images in a
video stream are displayed. .

When subtitle application is to be provided for BD-ROM,
there is a need for further enhancing the resolution level
of the graphics. To be more specific, the resolution levei
isdesiraﬂtobeimprovedtothelevelof1920*1080. However,
realizationof suchahighdefinitionincursanenormous amount
of decoding load at reproduction.

TheETSIENBOO743standarddefinesreproductioncontrol
for performing decoding at the time designated by the PTS,
and for displaying it straight away. When this is applied,
an enormous amount of decoding load will be concentrated in
the reproduction apparatus at points immediately before
display. Such concentration of load forces the
hardware/software competence of the reproduction apparatus
to be high, so as to realize graphics display. If such a
condition becomes essential for reproduction apparatuses,
pfoduction cost for reproduction apparatuses will rise
remarkably;whichwillpreventsuchreproductionapparatuses

from being commenly used.

Disclosure of the invention

The object of the present invention is to provide a
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recording medium that realizes high definition level of
graphics display, as .well as avoiding rise in production cost.

So as to achieve the above-described object, the present
invention provides a recording medium storing therein a
digital stream that is obtained by multiplexing a graphics
stream and a video stream, the graphics stream being a packet
sequence that includes a data packet storing graphics data
and a control packet storing control information, wherein

the data packet has a time stamp whose value indicates

- a decoding time of the graphics data, and

the control packet has a time stamp whose value indicates
a time at which the gr'aphics data, after being decoded, is
displayed combined with the video stream.

The period in which graphics is decoded is indicated
by the time stamp of the packet storing the graphics, and
display of the graphics is defined by the value of the time
stamp assigned to corresponding control information.
Therefore in the present invention, “state of already decoded
but not yet displayed”, in other words, a state in which
decompressed graphics 1is buffered, is defined on the
reproductién timeline.

By defining such abuffering period, it becomes possible
to avoid concentration of an enormous amount of decoding load
to one point. Inaddition, if the use of the hardware resource

for decoding simultaneously contends other processing,
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bufferingperiodcanbeprovidedsoastorelocatethegraphics
decoding period, thereby avoiding such contention.

Here, if this buffering concept is introduced so as to
achieve the aforementioned object, technicians pursuing the
development of such a reproduction apparatus will be at a
loss about the exten.t of the memory to be mounted, SO as to
guarantee normal operation. Meanwhile, technicians who
produce subtitle'application will also be anxious about
whetherthesubtitleapplicationoftheirowncanbeassuredly
reproduced by the reproduction apparatus. All these are
because the memory occupancy for this buffering wil; change
chronologically, in the course of reproduction on the
reproduction timeline. If the chronological change inmemory
occupancy stays unknown, the anxieties of these technicians
will not be wiped away.

So as to solve this problem, it is desirable to have
a construction in which the control information includes type
inforﬁation that indicates a memory management start, the
time stamp of the control packet is a presentation time stamp,
and the control packet further includes a decode time stamp
whose value.indicates a point of a reproduction timeline of
thedigitalstream,whichcorrespondstothememorymanagement
start, and a time at which the control information is read
to a memory.

According to this construction, a memory management
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start is indicated by a decode time stamp of a packet storing
control information. Therefore, by referring to the decode
time stamp, it becomes possible to know on which point of
the reproduction timeline each buffer for the decoder model
should be flashed. If the flash point is considered as a
starting point of memory management, it is easy to grasp the
éhronological occupancy transition of the buffer that stores
control information, the buffer that stores graphics before
being decoded, and the puffer that stores graphics after being
decoded. By changing the value of this decode time stamp,
it is possible to adjust the chronological transition of the
stateof thebuffers. Accordingto suchadjustment, it becomes
possible to avoid buffer overflow at the reproduction
apparatus. Therefore, it becomes easy to implement
hardware/software at the development stage of reproduction
apparatus.

In addition, since it becomes easy to grasp and adjust
the chronological transition, verification becomes
accordingly easy as to whether the graphics stream obtained
by authoring satisfies the restraints of the decoder model
thattheBD—ﬁOMstandardassumes. Thereforeapersonincharge
of authoring can proceed with his authoring operation, under
a condition where the graphics of his creation is assured
to be operated normally.

In assuming the decoder model of BD-ROM, a further
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constituting element will become necessary SO as to carry
out the present invention. In this decoder model of BD-ROM,
the decoder main body (i.e. processor) of graphics is
independent from the controller main body (i.e. controller)
for updating the graphics. The reason why the decoder main
body is provided independently from the updating controller
main bodéy is to perform advanced updating such és displaying
and deleting of graphics gradually, which is useful for a
case when the graphics is a subtitle, for example. When the
updating controller main body is an independent body from
the decoder main body, processor-controller connection will
need to be closer. This is because, after the processor
completes decoding of the graphics data, the controller has
to perform update without delay.

The manner in which the decoding completion of the
processor is notified to the controller depends on the manner
in which the processor and the controller are impiemented
in the apparatus. If the processor and the controller are
implemented as programs, notification will be performed by
intra-process communication. If the processor and the
controlleréreimplementedasindependenthardwarecomponents
from each other, then notification will be performed by-ah
interrupting signal. The amount of time lag of such
notificétion also depends on the implementation manner in

the apparatus. If the implementation necessitates a large
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time lag of notification, there will be a case where updating
of graphics cannot be synchronized with the display rate of
the moving picture.

. So as to prevent such a case from o;:curring, it is
desirable to have a construction in which the value of the
presentation time stamp is obtained by adding a predetermined
value to the value of the decode time stamp, where the
predetermined value is based on: a longer one of a period
required for clearing of a screen, and a period required for
decodingof the graphicsdata; anda periodrequired for writing
of the graphics data to the screen.

* The presentation time stamp of a packet storing graphics
indicates a decoding ending time, and the presentation time
stamp of a packet storing control information indicates a
time obtained by adding a predetermined period to the decoding
ending time. Therefore only by re.ferring to the presentation
time stamps, the controllercan performupdatingatan adequate
timing without receiving frém the ©processor any
decoding-completion.notificaticulof graphics data. If such
update is performed, it becomes possible to assure update
synchronizéd with the display rate of the moving picture,
regardlessofthemannerofimplémentationinthereproduction
apparatus.

Since closer processor-controller connection is

realized regardless of the manner of processor-controller
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implementation in the reproduction apparatus, it becomes
possible tomaintaina degree of flexibility in the apparatus
designing,asvuﬂj.asfacilitatingnanufacturingapparatuses

at low cost.

Brief Description of the Drawings

FIG.lillustratesanexampleofuseofarecordingmedium
according to the present invention.

FIG.2 illustrates a structure of a BD-ROM.

FIG.3 is a diagram schematically illustrating a
structure of an AVClip.

| FIG.4A illustrates a structure of a presentation

graphics stream.

FIG.4B illustrates a PES packet obtained after
functional segments are converted.

FIG.5 illustrates a logical structure that is made of
various kinds of functional segments.

FIG.6illustrateszarelationbetweenacﬁsplayposition
of a subtitle and an Epoch. -

FIG.7A illustrates syntax to define a Graphics Object
in an Object Definition Segment (ODS).

FIG.7B illustrates syntax of a Palette Definition
Segment (PDS). .

FIG.8Aillustrates syﬁtax of aWindowDefinition Segment
(WDS) .

FIG.8BillustratessyntaxofaE&esentationComposition
Segment (PCS). |

FIG.9 illustrates an example of a description of a
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Display Set for subtitling.

FIG.10 illustrates an example of a description of the
WDS and PCS in a DSl.

FIG.11 illustrates an example of a description of the
PCS in a DS2.

FiG.12 illustrates an example of a description of the
PCS in a DS3.

FIG.13 is an example of a description of a Display Set
when Cut-In/Out is performed, illustrating along a timeline.

FIG.14 is an examplé'of a description of a Display Set
whenFade—In/Outisperformgd,illustratingalongatimeline.

FIG.15 is an example of a description of a Display Set
when Scrolling is performed, illustrating along a timeline.

FIG.16 is an example of a description of a Display Set
whenWipe-In/Outisperformed,illustratingalongatimeline.

FIG.17 is a diagram comparing two cases: a window has
fourGraphicsObjects,andaawindowhastwoGraphichbjects.

FIG.18 illustrates an example of an algorithm for
calculating a decode duration.

FIG.lé is a flowchart of the algorithm of FIG.18.

FIGs.ZOAandBareflowchartsofthealgorithmofETG.lB.

FIG.21A illustrates a case in which each window has an
Object Defihition Segment. |

FIGs.21B and C are timing charts showing orders among
numerals referred to in FIG.18.

FIG.22A illustrates a case in which each window has two
Object Definition Segments. |

FIGs.22B and C are timing charts showing orders among

numerals referred to in FIG.18.
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FIG.23A describes a case in which each of two Windows

includes an ODS.

FIG.23B illustrates a case in which a decode period (2)

is longer than a total of a clearing period (1) and a write
5 period (31).

FIG.23C illustrates a case in which a total of the
clearing period (1) and the write period (31) is longer than
the decode period (2).

FIG.24 illustrates chronological transition of update

10 described in an example in the present specification.

FIG.25AillustratesfourDisplaySetsthataredescribed
so as to perform the above explained update.

FIG.25B is a timing chart showing settings of DTS and
PTS of functional segments included in the four Display Sets.

15 FIG.26 illustrates an internal structure of a
reproduction apparatus according to the present invention.

FIG.27 illustrates sizes of write rates Rx, Rc, and Rd,
Graphics Plane 8, Coded Data Buffer 13, Object Buffer 15,
and Composition Buffer 16.

20 FIG.28 is a timing chart illustrating a pipeline
processing by the reproduction apparatus.

FIG.29 illustrates a timing chart in a pipeline
processing of a case in which decoding of the ODS ends before
clearing of the Graphics Plane is completed.

25 | . FIG.30 is a timing chart showing chronological
transition of the amount of accumulation at the Graphics Plane

8.

FIG.31is a flowchart illustratingaprocessofaloading

10
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operation of a functional segment.

FIG.32 shows an example of multiplexing.

FIG.33 illustrates a manner in which a DS10 is loaded
to the Coded Data Buffer 13 of the reproduction apparatus.

FIG.34 illustrates a case where a normal reproduction
is performed.

FIG.35 iliustratés loading of a DSl1, the DS10, and a
DS20 in a normal reproduction as performed in FIG.34.

FIG.36 is a flowchart showing a process performed by
the Graphics controller 17.

FIG.37 is a flowchart showing a process performed by
the Graphics Controller 17.

.FIG.38 a flowchart showing a process performed by the
Graphics Controller 17.

FIG.39 illustrates a pipeline process of the
reproduction apparatus based on the PTS of thé PDS.

FIG.40 is a diagram describes a significance of the END
in the pipeline process of the reproduction apparatus.

FIG.41 is a diagram schematically illustrates a
structure of AVClip according to the second embodiment.

FIG.42A and FIG.42B are diagrams about an interactive
screen according to the second embodiment.

FIG.43 iilustrates a data structure of Interactive
Composition Segment.

FIG. 44 shows a relationship between an ODS included in

11
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a DSn, and ICS.

FIG.AS shows a screen composition at the display timing
of arbitrary picture data “ptl”.

FIG.46showsanexampleofsettingforbuttoninformation
in ICS..

FIG.47 illustrates a state transition of button A -
button D.

FIG.48 illustrates images of ODS11, 21, 31, and 41, as
one example.

FIG.49 illustrates images of ODS11-19 for the button
A, as one example.

FIG.SOillustratesthebutton—stategroupsandtheorder
of ODS in Display Set.

FIG.51 illustrates a state transitionof an interactive
screeninwhichthebutton—stategroupsofFIG.SOaredispoéed.

FIG.52 illustrates the order of ODS in Display Set.

FIG.53 shows difference in arrangement of ODS in S-0DSs,
between a case of default selected_button_number=0, and a
case of default_selected;button_number=button B.

FIGs.54A and 54B shows a value of
ZSIXE(DSn[iCS.BUTTON[i]]), in a case when N-ODSs include
plural ODS constituting the buttons A-D, and S-0ODSs include
plural ODS constituting the buttons A-D.

FIG.55 shows a timing of synchronized display by means

of ICS.

12
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FIG.56 shows how DTS and PTS are set in a case where
an initial display of an interactive screen is constituted
by plural ODSs, and where the default_selectedﬂbutton is
valid.

FIG.57 shows how DTS and PTS are set in a case where
an initial display of an interactive screen is constituted
by plufal ODSs, and where the default_selected_button is
invalid. |

FIG.58 illustrates the content of an Object Buffer 15
in comparison with a Graphics Plane 8.

FIG.59 illustrates an operation performed by the
Graphics controller 17 at the initial display time.

FIG.60 illustrates an operation performed by the
Graphics controller 17 when the interactive screen update
is performed according to 1stUserAction(MoveRight).

FIG.61 illustrates an operation performed by the
Graphics controller 17 when the interactive screen update
is performed according to the  lstUserAction (MoveDown) .

FIG.62 illustrates an operation performed by the
Graphics controller 17 when the interactive screen update
is performéd according to the lstUserAction(Activated).

FIG.63 is a timing chart illustrating a pipeline
processing performed by the reproduction apparatus.

FIG.64 is a timing chart illustrating a pipeline

processing by the reproduction apparatus in a case where the

13
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default selected button changes dynamically.

FIG.65 is a timing chart illustrating chronological
transitions in occupancy of the Graphics Plane 8, the Object
Bufferl5,theCodedDatabuffer13,andtheCompositionbuffer
16.

FIG.66 is a flowchart showing a process of loading
operation of Segment.

FIG.67 shows an example of multiplexing.

FTG.68 illustrates a manner in which a DS10 is loaded
to the Coded Data Buffer 13 of the reproduction apparatus.

FIG.69 illustrates a case whefe a normal reproduction
is performed.

FIG.70 illustrates loading of a DS1, the DS10, and a
DS20 in a normal reproduction as performed in FIG.68.

FIG.71 is a flowchart illuétrating a main routine of
the processing performed by the Graphics controller 17.

FIG.72 is a flowchart illustrating a processing for
.realizing sync controi that uses time stamp.

FIG.73 is a flowchart showing a process of an operation
to write to the Graphics Plane 8.

FIG.74 is a flowchart illustrating an automatic
activation processing for the default selected button.

FIG.75 is a flowchart showing an animation display
process.

FIG.76 is a flowchart illustrating a process of UO

14
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operation.
FIG.77 is a flowchart illustrating a process of current
button changing operation.
FIG.78isaflowchartillustratingaprocessofnumerical
value inputting operation.
FIG.79 illustrates a method of manufacturing a BD-ROM
that records the PCS explained in the first embodiment.
FIG.80 illustrates a method of manufacturing a BD—ROM

that records the PCS expléined in the second embodiment.

Best Mode for Carrying Out the Invention

(First Embodiment)

A First Embodiment of a recording medium according to
the present invention is explained below. '
FIG.1 illustrates an example of use of the recording
medium. In the drawing, BD-ROM 100 is the recording medium
according to the present invention. The BD-ROM 100 is used
for providing daﬁa of movie works to a Home Theatre System
structured by a réproduction apparatus 200, a television 300,
and a remote controller 400.
Therecordingnmdiumaccordingtothepmesentinvention
is manufactured by an improvement in an application layer
of a BD-ROM. FIG.2 illustrates a structure of the BD-ROM.
In the drawing, the BD-ROM is shown at a bottom of the
drawing, and a track on the BD-ROM is shown above the BD-ROM.

The track is actually in a spiral shape on the disk, but shown

15
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in a line in the drawing. The track includes a lead-in area,

a volume area, and a lead-out area. The volume area in this

drawing has a physical layer, a file system layer, and an
application layer. At a top of the drawing, an application
format of the BD-ROMis illustratedusinga directorystructure.
As illustrated in the drawing, the BD-ROM has a directory
BDMV under the root directory, and the BDMV directory contains
afile for storinganAVClipwithan extensionM2TS (XXX .M2TS),

a file for storing administrative info for the AVClip with
an extension CLPI (XXX.CLPI), anda file for defininga logical
PlayList (PL) for theAVClipwithan extensionMPLS (YYY.MPLS).

By forming the above appli.cation format, it is possiblé to
manufacture the recording medium according to the present
invention. In a case in which there are more than one file
for each kind, it is preferable to provide three directories
named STREAM; CLIPINF, and PLAYLIST under the BDMV to store
the files with the same extension in one directory.

Specifically, it is desirable to store the files with the
extension M2TS in the STREAM, the files with the exfension
CLPI in the CLIPINF, and the files with the extension MPLS

in the PLAYLIST.

An explanation about the AVClip (XXX .M2TS) in the above
application format is given below.

The AVClip (XXX.M2TS) is a digital stream in MPEG-TS
format (TS is Transport Stream) obtained by multiplexing a
video stream, at least one audiovstream, and a presentation
graphics stream. The video stream represents pictures of the
film, the audio stream reprelsents sound of the film, and the

presentation graphics stream represents subtitles of the film.

16
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FIG.3 is a diagram schematically illustrating a structure
of the AVClip.
TheAVClip(XXX.MZTS)isstructuredinafollowingmanner.
The video stream made of plural vide frames (picture pjl,
pj2,andpj3),andtheaudiostremnmadeofpluralaudioframes
(top row of the drawing) are respectivély converted into a
line of PES packets (second row of the drawiqg), and then
into a line of TS packets (third row of the drawing). The
presentation graphics stream (bottom row of the drawing) is

converted into a line of PES packets (second to bottom row

~of the draw1ng), and then 1nto a line of TS packets (third

to bottom row of the drawing). The three l:Lnes of TS packets
are multiplexed, and thus the AVClip (XXX.M2TS) is
constituted.

In the drawing, only one presentation graphics stream
is multiplexed. However, in a case in which the BD-ROM is
compatible to plural languages, a presentation graphics
stream for each language is multiplexed to constitute the
AVClip. TheAVClipcmnstitutedintheabovemannerisdivided
into more than one extent, like ordinary computer files, and
stored in areas in the BD-ROM.

Next, the presentation graphics stream is explained.
FIG.4A illustrates a structure of the presentation graphics
stream. A top row indicates the TS packet line to be
multiplexed to the AVClip. A second to the top row indicates
the PES packet line that constitutes a graphics stream. The
PES packet line is structured by retrieving payloads out of
TS packets having a predetermined PID, and connecting the

retrieved payloads.

17
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A third to the top row indicates the structure of the
graphics stream. The graphics stream is made of functional
segments named a Presentation Compoéition Segment (PCS), a
WindowDefinitionSegment(WDS),aE@letteDefinitionSegment
(PDS), anObject Definition Segment (ODS), andanEND of Display
Set Segment (END). Among the above functional segments, the
PCS is called a screen composition segment, and the WDS, PDS,
ODS, and END are called definition segments. The PES packet
and each of the functional segments correspond one to one,
or one to plurality. 1In other words, one functional segment
is either recorded in the BD-ROM after converted into one
PES packet, or after divided into fragments and converted
into more than oné'PES packet.

FIG.4B illustrates the PES packet obtainedby converting
the functio.nal segments. As shown in the drawing, the PES
packet is made of a packet header and the paylo&d, and the
payload is a substantial body of a functional segment. The
packet header includes a DTS and a PTS corresponding to the
functional segment. The DTS and PTS included in the packet
header are hereinafter referred to as the DTS and PTS of the
functional segment.

The above described various kind of functional segments
constitutealogical structureasillustrated inFIG.5. FIG.5
illustrates the logical structure that is made of the various
kinds of'functional segments. In the drawing, a top row
jllustrates Epochs, a middle row illustrates Display Sets
(DS), and a bottom row illustrates the functional segments.

Each of the DS shown in the middle row is a group of

functional segments that compose graphics for one screen,

18
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among all of the plural functional segments that constitute
the graphics stream. Broken lines in the drawing indicate
the DS to which the functional segments in the bottom row
belong, and show that a series of the functional segments
of the PCS, WDS, PDS, ODS, and END constitute one DS. The
reproduction apparatus is able to generate graphics for one
screen by reading the functional segments that constitute
the DS.

The Epochs shown in the top row indicate time periods,
and memory manégement is con'secutive_ timewise alonga timeline
of the AVClip reproduction in one Epoch. One Epoch also
represents a group of data that is assigned to the same period
of time. The memory referred to here are the Graphics Plane
that stores the graphics for one screen, and an Object Buffer
that stores decompressed graphics data. The consecutiveness
of the memory management means a flash of the Graphics Plane
or of the Object Buffer does not occur in the Epoch, and erasing
and rendering of the graphicé are only performed in a
predetermined rectangular area on the Graphics Plane (the

flash here indicates clearing of all contents of the stored

data in a plane or a buffer). A size and a position of the

rectangular area are fixed during one Epoch. As long as the
erasing and rendering of the graphics are only performed in
the predetermined rectangular area on the Graphics Plane,
a sync reproduction between the picture and the graphics is
guaranteed. In other words, the Epoch is a unit in the
reproducing timeline, and in this unit, the picture and the
graphics are guaranteed tobe feproduced synchronously. When

moving the area, inwhich the graphics are erased and rendered,
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to a different position, it is necessary to define a point
on the timeline to move the area, and a period after the point
becomes a new Epoch. The sync reproduction is not guaranteed
at a boarder between two Epochs.

In viewing an actual film, one Epoch is a time period
in which subtitles are displayed in the same rectangular area.
on the screen. FIG.6 illustrates a relation between the
position of the subtitles and the Epochs. In an example
illustrated by the drawing, the positions at which the five
subtitles “Actually...”, I was hiding”, “my feelings.”, I
always”,i and “loved you.” are shown move according to the
picture in the film. | Specifi.cally, the subtitles
“Actually...”, “I was hiding”, and “my feelings.” appear at
the bottom of the screen, while the subtitles “I always” and
“]loved you.” are shown at the top of the screen. The position
of the rectangular area moves in order that the subtitles
are out of the way of pictures when viewing the screen,
consideringvisibilityof the film. Atime periodduringwhich
the subtitles appear at the bottom is an Epoch 1, and a
subsequent time period during which the subtitles appear at
the top is an Epoch 2. The Epochs 1 and 2 each have a different
area in which the subtitles are rendered. The area in the
Epoch 1 is a Window 1 positioned at the bottom of the screen,
and the area in the Epoch 2 is a Window 2 positioned at the
top of the screen. The memory management is consecutive in
each of the Epochs 1 and 2, and accordingly, rendering of
the subtitles in the Windows 1 and 2 is synchronous with the
pictures. |

Next, details about the Display Set (DS) are described.
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Broken lines hkll and hkl2 in FIG.5 indicate which
functional segment at the middle row pelongs to which Epoch.
AseriescﬁfDS“EpochStart”,“AcquisitionPoint”,and“Normal
Case” constitute the Epoch at the top raw. TheprochStart”,
“Acquisition Point”, “Normal Case”, and “Epoch Continue” are
types of the DS, and an orderl between the “Acquisition Point”
and “Normal Case” does not matter and either of them may come
first.

The Epoch Start is a DS that has a display effect of
“newdisplay”, which indicatesa start of anewEpoch. Becauseé
of this, the Epoch Start contains all functional segments
needed to display a new composition of the screen. The Epoch
Start is provided at a position which is a target of a skip
operation of the AVClip, such as a chapter in a film.

The Acquisition Point is a DS that has a display effect
of “display refresh”, and is identical in content used for
rendering graphics with the Epoch Start which is a preceding
DS. The Acquisition Point is not provided at a starting point:
of the Epoch, but contains all functional segments needed
to display the new composition of the screen. Therefore, it
is possible to display the graphics without fail when a skip
operationtotheAcquisitionPointisperformed. Accordingly,
with the Acquisition Point, it is possible to compose a screen
in the middle of the Epoch.

' The Acquisition Point is provided at a position that
could be a target for the skip operation. An example of such
apositionisapositionthatcouldbespecifiedwhenperforming
a time search. The time seafch is an operation in response

to a user’s input of a time to start reproducing from a
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reproducing point corresponding to the time specified by the
user. The time is specified roughly, by 10 minutes or by 10
seconds for example, and accordingly, points at which the
reproduction starts are provided at a 10 minute interval,
or a 10 second interval, for example. By providing the
Acquisition Point at the points at which the reproduction
may start, it is possible to perfdrm reproduction smoothly
after the time search.

The Normal Case is a DS that has a display effect of
“display update”, and contains only elements that are
different from the preceding composition of the screen.
Specifically, when subtitles in a DSv is the same as subtitles
in a DSu but the screen is displayed differently in the DSv
and DSu, the DSv is provided so as to include only the PCS
and makes the DSv the Normal Case. By this, it becomes
unnecessary to provide an ODS with the same content as the
content of the ODS in the preceding DS, and a data size in
the BD~-ROM may be reduced. On the other hand, because the
DS as the Normal Case contains only the difference, it is
not pbssible to compose the screenusing the Normal Case alone.

The Epoch Continue indicates that Epoch continues across
a boundary of AVClips. If Composition State of one DSn is
set as Epoch Continue, if the DSn exists onanAVClip different
from that of the DSn-1 positioned immediately before the DSn,
the DSn and DSn-1 will belong to a same Epoch. Therefore even
if AVClip branching occurs between these two DS, there will
be no graphics plane/object buffer flash.

Details of the Definition Segments (ODS, WDS, and PDS)

are explained below. The Object Definitién Segment (ODS) is
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a functional segment that defines the Graphics Object. An
explanation of the Graphics Object is given first. A selling
point of the AVClip recorded in the BD-ROM is its resolution
as high as hi=-vision, and therefore the resolution for the
Graphics Object is set at 1920x1080 pixels. Because of the
high pes'olution of 1920x1080 pixels, it is possible to display
a specific character style for the subtitles clearly on the
screen. As for colors of the subtitles, a bit length of an
index value for each pixel (Color pifference Red Cr, Color
Difference Blue Cb, Luminance Y, and Transparency T) is 8
bits, and thus it is possible to chose any 256 colors out
of full color (16,777,216 .col_ors) for the subtitles. The
subtitles realized by the Graphics Object are rendered by
positioning texts on a transparent background.

Syntax of ODS to define the Graphics Object is shown
in FIG.7A. The ODS is made of segment_type indicating that
thesegmentistheODS,segment_lengthindicatingadatalength
oftheODS,object_iduniquelyidentifyingtheGraphicsObject
corresponding to the ODS in the Epoch, object_version_number.
indicating a version of the ODS - within the Epoch,
last_in_sequence_ flag, and object_data _fragment which is a
consecutive sequence of bytes corresponding to a part or all
of Graphics Object.

The object_id is for'uniquely'idéhtifying'the Graphics
Object corresponding to the ODS in the Epoch. The Epoch of
the graphics stream contains more than one ODS having the
same ID. The ODS having the same ID also have the same width
anc:l~ height, and are assigned with a common area in the Object

Buffer. After one of the ODS having the same ID is read in

23



10

15

20

25

WO 2005/004478 PCT/JP2004/009873

the common area, the read ODS is overwritten by a subsequent
ODS having the same ID. By overwriting the ODS that is read
to the Object Buffer by the subsequent ODS having the same
IDas the reproductionof the vide streamproceeds, the graphics
by the ODS is updated accordingly. A size constraint that
the width and height of the Graphics Object having the same
1D should be the same is applied only during one Epoch, and
the Graphics Objects in different Epochs may have different
sizes.

Explanations about last_in_sequence_flag and object_
data_fragment are given next. 1In some cases, it is not
possible to store the decompressed graphics that constitutes
the subtitle in one ODS due to a‘payload constraint of the
PES packet. Insuchcases, the graphics is split intoa series
of consecutive fragments, and one fragment is set to the
object data_fragment. When one Graphics Objeét is stored as
more than one fragment, every fragment except a last fragment
has the same size. The last fragment is less than or equal
to the size of previous fragments. The ODS carrying the
fragments appear in the same sequential order in the DS, with
an end of the sequence indicated by the ODS having the
last_in__sequence_flag. Although the above described syntax
of the ODS is based on a premise that the fragments are stacked
in from the preceding PES, the fragments may be stacked so
that each PES contains a blank part.

Next, the Palette Definition Segment (PDS) isexplained.
The PDS is used to define a palette for a color conversion.
FIG.7Bshows syntaxof the PDS The PDS ismade of segment_type
indicating that the segment is the PDS, segment length
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indicating a data length of the PDS, palette_id uniquely
identifying the palette contained in the PDS, palette_
version number indicating a version of the PDS within the
Epoch, and palette_entry_id specifying an entry number of
the palette. The palette_entry_id indicates the Color
Difference Red (Cr value), the Color Difference Blue
(Cb_value),Luminance(Y_value),andTransparency(T_value).

Next,anexplanationabouttheWindowDefinitionSegment
(WDS) is given below. '

The WDS is used to define the rectangular area on the
Graphics Plane. As described in the above, the memory
management is sequential only when erasing and rendering is
performed within a certain area on the Graphics Plane. The
area on the Graphics Plane is defined by the WDS and called
“Window”. FIG.8A illustrates syntax of the WDS. As shown
by the drawing, the WDS is made of segment_ type indicating
that the segment is the WDS, segment_length indicating a data
length of the WDS, window_id uniquely identifying the Window
on the Graphics Plane, window_horizontal_position specifying
a horizontal address of a top left pixel of the Window on
the Graphics Plane, window_vertical_position specifying a
vertical address of the top left'pixel of the Window on the
Graphics Plane, window_width specifying a width of the Window
on the Graphics Plane, and window height specifying a height
of the Window on the Graphics Plane.

Ranges of values that the'window_horizontal_position,
window vertical_position, window width, and window_height
may take are explained below; A coordinate system for those

values is within an area on the Graphics Plane, and whose

25



10

15

20

25

WO 2005/004478 PCT/JP2004/009873

size is indicated two-dimensionally by the window_height for
a height and the window_width for a width.

The - window_horizontal_position specifies the
horizontal address of the top left pixel of the Window on
the Graphics Plane, and is within a range of 0 to
(window width)-1. Also, the window_vertical_position
specifies the vertical address of the top left pixel of the
Window on the Graphics Plane, and is within a range of 0 to
(window _height)-1.

The window width specifies the width of the Window on
the GrapthS Plane. The spec1f1ed width falls within a range
of 1 to (video_width) - (window_ horlzontal_pos;Ltlon)
Further, the window height specifies the height of the Window
on the Graphics Plane, and the specified height is within
a range of 1 to (video_height)- (window_vertical_position) .

The position and size of the Window on the Graphics Plane
for each Epoch are defined by the window__horizontal_position,
window vertical_position, window_width, and window_height.
Accordingly, it is possible to adjust the position and size
of the Window at authoring, so that the Window in one Epoch
appears at the position that does not come in the way of the
picture when viewing the film. By this, the visibility of
the subtltles becomes higher. Because the WDS is defined for

each Epoch, it is possible to adjust the p031tlon of the Window

‘according to the picture, even if the picture changes in the

course of time. As a result, the quality of the film is
maintained as high as in a case where the subtitles are
incorporated in the main body of the film.

Next, the End of Display Set Segment (END) is explalned
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The END provides an indication that a transmission of the
DSiscompleted.,TheEndisinsertedintoastreamimmediately
affer a last ODS in one DS. The End is made of segment_type
indicating that the segment is the END and segment length
indicating a data length of the END. The END does not include
any other element that requires a further explanation.

Next,anexplanationaboutthePresentationComposition
Segment (PCS) is given below.

ThePCSisafunctionalsegmentthatisusedforcomposing
an interactive display. FIG.8B illustrate syntax of the PCS.
As shown in the drawing, the PCS is made of segment_type,
segment_length, composition_number, composition_state,
palette_update_flag, palette_id, and composition_object
1-m.

The composition number identifies the Graphics Update
in the DS by values in a range of 0 to 15. If the Graphics
Update exists between the head of the Epoch and the PCS, the
composition_number is incremented every time the Graphics
Update occurs.

The composition state indicates the type of the DS in
which the PCS is contained, Normal Case, Acquisition Point,
or Epoch Start.

The palette update_flag indicates that the PCS
describes a Palette only Display Update. The Palette only
Display Update indicates that only the palette is updated
from an immediately previous palette. The
palette update_flag field is set to w17, if the Palette only.
Display Update is performed.

The palette id identifies the palette ‘L:o be used in the
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Palette only Display Update.

Thecomposition_object1—mindicatehowix>controleach
Window in the DS to which the PCS belong. A broken line wdl
in FIG.8B is to detail an internal syntax for
composition_object 1i. The composition_object i is made of
object id, window_id, objectwcropped_flag,
object_horizontal_positibn, an object_vertical_positionl
and cropping rectangle information l-n.

The object_id identifies the ODS in a - Window
corresponding to the composition_object i.

Thewindow_ididentifiestheWindowtowhichtheGraphics
Object is allocated in the‘PCS. Up to two Graphics Objects
may be assigned to one Window.

The object cropped_flag is used to switch_between
display and no-display of a cropped Graphics Object in the
Object Buffer. When the object_cropped_flag is set to “17,
thecroppedGraphicsObjectisdisplayedinthéObjectBuffer,
and if set to “0”, the Graphics Object is not displayed.

The obj ect_horizontal_position specifies a horizontal
address of a top left pixel of the Graphics Object in the
Graphics Plane. | '

The .object_vertical_position specifies a vertical
address of the top left pixel of the Graphics Object in the
Graphics Plane. 4

The cropping rectangle information 1-n are elements
used when the object cropped flag is set to “1”. A broken
linewd2istodetailaninternalsyntaxforcropping_recténgle
information i. As shown by the broken line wd2, the

cropping rectangle information i is made of four fields,
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object_cropping_horizontal_position, object cropping_
vertical position, object_cropping_width, and object_
cropping_height.

The object_cropping_horizontal_position specifies a
horizontaladdressofatopleftcornerofacroppingrectangle
to be used during rendering of the Graphics Object in the
Graphics Plane. The cropping rectangle is a cropping frame
trhat is used to specify and crop a part of the Graphics Object,
and corresponds to Region in the ETSI EN 300 743 standard.

The object_cropping_vertical_position specifies a
vertical address of the top left corner of the cropping
rectangle to be used.during.rendering of the Graphics Object
in the Graphiés Plane.

The object cropping_width specifies a width of the
cropping rectangle. ‘

The object cropping_height specifies a height of the
cropping rectangle.

A specific example of the PCS is detailed below. In
the example, the subtitles “aActually...”, “I was hiding”,
and“myfeelings.”asshowninFIG.6appeargraduallybywriting
to the Graphics Plane 3 times as the picture proceeds. FIG.9
is an example of description for realizing such a subtitle
display. AnEpochinthedrawingincludesaDSl(EpochStart),
aDSZ(NormalCase),andaESB(NormalCase). The DS1 contains
a WDS for specifying the Window in which the subtitles are
displayed,. an ODS for specifying the line “Actually... Iwas
hiding my feelings.”, and a first PCS. The DS2 contains a
second PCS, and the DS3 contains a third PCS.

FIGs.10-12 illustrate examples of the WDS and PCS
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contained in the DS. FIG.10 shows an example of the PCS in
the DS1.

In FIG.10, the window_horizontal__position and the
window vertical position of the WDS are indicated by a LP1,
a position of the top left pixel of the Window on the Graphics
Plane. The window_widtﬁ and window_height indicate the width
and height of the Window, respectively.

InFIG.10, the object_cropping_horizontal_position and
object_cropping_vertical_position indicate a reference
point ST1 of the cropping rectangle in the coordinate system
inwhichanorigin is the top left pixel of the Graphics Object.
The cropping rectangle is an area having the width from the
ST to the object cropping_width, and the height from the ST

to the object__cropping_height (a rectangle shown by a

“heavy-line frame). The cropped Graphics Object is positioned

within a rectangle shown by a broken-line frame cpl, with
a reference point in the coordinate system with an origin
at the object_hqrizontal;position and
object vertical position (the top left pixel of the Graphics
Object) in the Graphics Plane. By this, the subtitle
“Actually...” is written to the Window on the Graphics Plane,
and then combined with the movie picture and displayed on
the screen.

FIG.11 shows an example of the PCS in the DS2. The WDS

- in the DS2 is not explained, because the WDS3 in the DS2 is

the same as the WDS in the DS1. A description of the cropping
information in the DS2 is different from the description of
the cropping information shown in FIG.10.

InFIG.11, theobject cropping_horizontal position and
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object_cropping_vertical__position in the cropping
information indicate a top left pixel of the subtitle “I was
hiding” out of “Actually... I was hiding my feelings.” in
the Object Buffer. The obj ect_cropping_width and
object cropping_height indicates a Wldth and a height. of a

rectangle containing the subtitle “I was hiding”. By this,

~ the subtitle "I was hiding” is written to the Window on the

Graphics Plane, and then combined with the movie picture and
displayed on the screen. .

FIG.12 shows an example of the PCS in the DS3. The WDS
in the DS‘3 is not explained, because the WDS in the DS3 is
the same as the WDS in the DSi. A description of the cropping
information in the DS3 is different from the description of
the cropping information shown in FIG.10.

InFIG.12, theob] ect_crOpping_horizontal_position and
object cropping_ve rtical position in the cropping
information indicate a top left pixel of the subtitle “my
feelings.” out of “Actually. .. I was hiding my feelings.”
in the Object Buffer. The object cropping_width and
object cropping _height indicates a width and a height of a
rectangle containing the subtitle “my feellngs. . By this,
the subtitle “my feelings.” is written to the Window on the
Graphics Plane, and then combined with the movie picture and
displayed on the screen.

By describing the DS1, DS2, and DS3 as explained above,
it is possible to achieve aneffect of displaying the subtitles
on the screen. It is also possible to achieve other kinds
of effect, and description .protocols for realizing other

effects are explained below.
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First, a description protocol for a Cut-In/Out effect
is explainédJ FIG.13 shows an example of the description of
the DS when Cut-In/Out is performed, illustrating along a
timeline.

In the drawing, x and y in Window (X, y,u, V) respectively
indicate values of the window vertical_position and
window_horizontal_position,andjlandwrrespectivelyindicate
values of the window_width and window height. Also in the
drawing, a and b in Cropping Rectangle(a,b,c,d) respectively
indicate values of the obj ect__cropping_vertical_position and
object_cropping_horizontal_position, and c and d indicate
values of the | object_cropping_width and
object_cropping_height, respectively. Disélay Sets DS11,
DS12, and DS13 are at points tll, t12, and tl1l3 on the
reproduction timeline in the drawing.

The DS11 at the point tll includes a PCS#0 in which the
composition_state is “Epoch Start” and the
object cropped_flagis “ 0" (no_cropping_rectangle__visible) ’
a WDS#0 having a statement for a Window in a width 700 x height
500 at (100,100) in the Graphics Plane, a PDS#0, an ODS#0
indicating a subtitle “Credits:”, and an END.

The DS12 at the point tl12 includes a PCS#1 whose
composition_state is “Normal Case” and indicating a crop
operation of the Graphics Object to be in a 600x400 size from
(0,0) in the Object Buffer
(cropping_rectangle#o(0,0,600,400) ), and positioning the
cropped Graphics' Object at the éoordinates (0,0) in the
Graphics Plane (on Window#O.(O, 0)). |

The DS13 at the point t13 includes a PCS#2 whose
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composition state is “Normal Case” and in which the
object_cropped_flag is set to “0” so as to erase the cropped |
Graphics Object (no_cropping_rectangle__visible) .

With the above explained Display Sets, the subtitle
“Credii:s:" is no-display at the tll, appears at the t12, then
becomes no-display at the t13 again, and the Cut-In/Cut-Out
effect is realized.

Secondly, a description protocol fof a Fade-In/Out
effect is explained. FIG.14 shows an example of the
description of the DS when Fade-In/Out is performed,
illustratingalongatimeline. Display SetsDS21, DS22, DS23,
andDS24 are at points t21, t22, £23, andt24onthe reproduction
timeline in the drawing.

The DS21 at the point t21 includes a PCS#0 whose
composition_state is “Epoch Start” and indicating the crop
operation of the Graphics Object to be in a 600x400 size from
(0,0) in the Object Buffer
(cropping_rectangle#0 (0,0, 600, 400)), and positioning the
cropped Graphics Object at the coordinates (0,0) in the
Graphics Plane (on Window#0(0,0)), a WDS#0 having a statement
for a Window in a width 700 x height 500 at (100,100) in the
Graphics Plane, a PDS#0, an ODS#0 indicating a subtitle “Fin”,
and an END.

The DS22 at the point t22 - includes a PCS#1 whose
composition_state is “Normal Case”, and a PDS#1. The PDS#1
indicates the same level of Cr and Cb as the PDS#0, but a
Juminance indicated by the PDS#1 is higher than the luminance
in the PDS#0. '

The DS23 at the point t23 includes ‘a PCS#2 whose
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composition__sta.te is “Normal Case”, a PDS#2, and an END. The
PDS#2 indicates the same level of cr and Cb as the PDS#1,
but the luminance indicated by the PDS#2 is lower than the
luminance in the PDS#1. _

The DS24 at the point t24 includes a PCS whose
composition-_sfate is “Normal Case” and the
object_cropped_flag is 20" (no_cropping_rectangle__visible) p
.and an END.

Each DS specifies a different PDS from a preceding DS,
and accordingly, the luminance of the Graphics Object that
is rendered with more than one PCS in one Epoch becomes
gradually high, or low. By this, it is possible to realize
the effect of Fade-In/Out.

Next, adescriptionprotocol foraScrollingisexplained.
FIG.15 shows an example.of the description of the DS when
Scrolling is performed, illustrating along a timeline.
Display Sets Ds31, DS3Z, DS33, and DS34 are at points t31,
t32, t33, and t34 on the reproduction timeline in the drawing.

The DS31 at the point t31 includes a PCS#0 whose
composition_state is set to “Epoch Start” and
object cropped_flag is “o” (né__cropping_rectangle_visible) '
a WDS#0 having a statement for a Window in a width 700 x height
500 at (100,100) in the Graphics Plane, a PDS#0, an ODS#0
indicating a su_btitle “Credits: Company”, and an END.

The DS32 at the point t32 includes a PCS#1 whose
compos_ition_state is “Normal Case” and indicating the crop
operation of the Graphics Object to be in a 600x400 size from
(0,0) in . the object Buffer
(cropping rectangle#0(0,0,600, 400)), and positioning the
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cropped Graphics Object at the coordinates (0,0) in the
Graphics Plane (on Window#0(0,0)). An area of the 600x400
sizefrom(0,0)intheObjectBufferincludesapmrt“Credits:”
of the subtitle “Credits: Company” shown in two lines, and
thus the part “Credits:” appears on the Graphics Plane.

The DS33 at the point t33 includes a PCS#2 whose
composition_state is “Normal Case” and indicating the crop
operation of the Graphics Object to be in a 600x400 size from
(0,100) in the Object Buffer (cropping_rectangle#o
(0,100,600,400)),andpositioningthecroppedGraphicsObject
at the coordinates (0,0) in the Graphics Plane (on
Window#0(0,0)). The area §f the 600x400 size from (0,100)
in the Object Buffer includes the part “Credits:” and a part
“Company” of the subtitle “Credits: Company” shown in two
lines, and thus the parts “Qredits:” and “Company” appear
in two lines on the Graphics Plane.

The DS34 at the point t34 includes a PCS#3 whose
composition_state is “Normal Case” and indicating the crop
operation of the Graphics Object to be in a 600x400 size from
(0,200) in the >Object Buffer (cropping_rectangle#o
(0,200,600,400)),éndpositioningthecroppedGraphicsObject
at the coordinates (0,0) in the Graphics Plane (on
Window#0(0,0)). The area of the 600x400 size from (0,200)
intheObjectBufferincludesthepart“Company”ofthesubtitle
wcredits: Company” shown in two lines, and thus the part
“Company” appears on the Graphics Plane. By the above PCS
description, it is possible to scroll down the subtitle in
two lines. |

Finally,adescriptionprotécolforaWipe—In/Outeffect
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is explained. FIG.16 shows an example of the description of
the DS when Wipe-In/Out is performed, illustrating along a
timeline. Display Sets DS21, DS22, DS23, and DS24 are at
points t21, t22, t23, and t24 on the reproduction tin_\eline
in the drawing. ' .

The DS51 at the point t51 includes a PCS#0 whose
composition_state is set to “Epoch Start” and the
object cropped_flag is “0” (no_cropping_rectangle__visible) P
a WDS#0 having a statement for a Window in a width 700 x height
500 at (100,100) in the Graphics Plane, a PDS#0, an ODS#0
indicating a subtitle “Fin”, and an END.

The DS52 at the poiﬁt £52 includes a PCS#l whose
composition_state is “Normal Case” and indicating the crop
operation of the Graphics Object to be in a 600x400 size from
(0,0) in _ the Object ' Buffer
(cropping_rectangle#o (0,0,600,400)), and positioning the
cropped Graphics Object at the coordinates (0,0) in the
Graphics Plane (on Window#0(0,0)). An area of the 600x400
size from (0,0) in the Object Buffer includes the subtitle
“Fin”, and thus the subtitle “Fin” appears on the Graphics
Plane. .

The DS53 at the point t53 includes a PCS#2 whose
composition_state is “Normal Case” and indicating the crop
operation of the'Graphics Object to be in a 400x400 size from
(200, 0) in the Object Buffer (cropping rectangle#0
(200,0,400,400)), andpositioning the cropped Graphics Object
at the coordinates (200,0) in the Graphics Plane (on
Window#0 (200,0)). By this, én area indicated by coordinates
(200, 0) and (400,400) in the Window becomes a display area,
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and an area indicated by coordinates (0,0) and (199,400)
becomes a no-display area.

The DS54 at the point t54 includes a PCS#3 whose
composition_state is “Normal Case” and indicating the crop
operation of the Graphics Object to be in a 200x400 size from
(400,0) in the Object Buffer (cropping_rectangle#o
(400, 0,200,400)), andpositioningthe cropped Graphics Object
at the coordinates (400,0) in the Graphics Plane (on
Window#0(400,0)). Bythis, anarea indicated by coordinates
(0,0) and (399,400) becomes the no-display area.

By this, as the no-display area becomes larger, the
displayareabecomessmallef,andthustheWipe—In/Outeffect
is realized.

Asdescribedabove,variouseffectssuchascmt—In/Out,
Fade-In/Out, Wipe—-In/Out, and Scrollingmay be realized using
corresponding scripts, and therefore it is possible to make
various arrangements in rendering the subtitles.

Constraints for realizing the above effects are as
follows. InordertorealizetheScrollingeffect, operations
for élearing and redrawing of the Window becomes necessary.
TakingtheexampleofFIG.lS,itisnecessarytoperform“window
clear” to erase the Graphics Object “Credits:” at the t32
from the Graphics Plane, énd then to perfdrm “window redraw”
to write a lower part of “Credits:” and an upper part of
“Company” to the Graphics Plane during an interval between
the t32 and t33. Given that the interval is the same as an

interval of video frames, a transfer rate between the Object

Buffer and the Graphics Plahe desirable for the Scrolling

effect becomes an important point.
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Here, a constraint about how large the Window may be
is looked into. .AnRc is the trans fer rate between the Object
Buffer and the Graphics Plane. A worst scenario here is to
perform both of the Window clear and Window redraw at the
rate Rc. In this case, each of the Window clear and Window
redraw is required to be performed at a rate half of Rc (Rc/2) .

In order to make the Window clear and Window redraw
synéhronized with a video frame, an equation below is need
to be satisfied.

Window size x Frame Rate O Rc/2

1f the Frame Rate i829.97, Rcis expressed by an equation

below. )
Rc = Window size x 2 x29.97

In rendering the subtitles, the Wwindow size accounts
for at least 25% to 33% of the Graphics Plane. A total number
of pixels in the Graphics Plane is 1920x1080. Taking that
an index bit length per pixel is 8 pits, a total capacity
of the Graphics Plane is 2 Mbytes (01920x1080x%8) .

Taking that the Window size ;1'..s 1/4 of the total capacity
of the Graphics Plane, the Window size becomes 500 Kbytes
(=2 Mbytes /4). By substituting this value to the above
equation, Rc is calculated to be 256 Mbps (=500 Kbytes x
2%x29.97). If the rate for the Window clear and Window redraw
may be a half or a quarter of the frame rate, it is possible
to double or quadruple the size of the Window even if the
Rc is the same.

By keeping the Window size 25% to 33% of the Graphics
Plane and displaying the subtitles at the transfer rate of

256 Mbps, it is possible to maintain the sync dlsplay between
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the graphics and the movie picture, no matter what kind of
display effect is to be realized.

Next, the position, size, and area of the Window are
explained. As explained above, the position and area of the
Window does not change in one Epoch. The position and the
size of the Window set to be the same during one Epoch because
itisnecessarytochangeatargetwriteaddressoftheGraphics
Plane if the position and the size change, and changing the
address causes an overhead that lowers the transfer rate from
the Object Buffer to the Graphics Plane.

AnumberofGraphlcsObjectsperW1ndowhasal;mltatlon
The limitation of the number is provided in order to reduce
the overhead in transferring decoded Graphics Object. The
overhead here is generated when setting the address of an
edge of the Graphics Object, and the more a number of edges,
the more the overhead is generated. '

FIG.17 shows examples in comparison, an example in which
a Window has four Graphics Objects and another example in
which a Window has two Graphics Objects. The number of the
edges of the example with four Graphics Objects is twofold
of the number of the edges of the example with two Graphics
Objects.

Without the limitation in the number of the Graphics
Object, it becomes unknown how many overheads could be
generated in transferring the Graphics, and thus the load
forthetransferincreasesanddecreasesdrasticalLy. On the
other hand, when a maximum number of the Graphics Object in
a Window is two, the transfer rate may be set taking up to

4 overhead into account. Accordingly, it is easier to set
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the number of a minimum transfer rate.

Next, an explanation about how the DS having the PCS
and ODS is assigned to the timeline of the AvVClip. The Epoch
is aperiodof time in which a memory management is consecutive
along the reproduction.timeline. Since the Epoch isxnade of
more than one DS, how to assign the DS to the reproduction
timeline of the AVClip is impbrtant. The reproduction
timeline of the AVClip is a timeline for specifying timings
for decoding and reproducing of each piece of picture data
that constitute the video stream multiplexed to the AVClip.
The decoding and reproducing timings on the reproduction
timeline are expressed at an accuracy of 90 KHz. A DTS and
PTS that are attached to the PCS and ODS in the DS indicate
timings fora synchronic control on the reproduction timeline.
The assigning of the Display Set to the reproduction timeline
means performing the synchronic control using the DTS and
PTS attached to the PCS and ODS.

First, how the synchronic control is performed using
the DTS and PTS attached to the ODS is explained below.

The DTS indicates, at the accuracy of 90 KHz, a time
when the decoding of the ODS starts, and the PTS indicates
a time when the decoding ends.

The decoding of the ODS does not finish at once, and
has a certain length of time. In response to a request for
clearly indiéating a starting point and an ending point of
a decode duration, the DTS and PTS of the ODS respectively
indicate the times when the decoding starts and ends.

The value of the PTS indicates the deadline, and

therefore it is necessary that the decoding of the ODS has
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to be completed by the time indicated by the PTS and the
decompressed Graphics Object is written to the Object Buffer
on the reproduction apparatus.

The decode starting time of any ODSj inaDSnis indicated
by a DTS (DSn [ODS]) at the accuracy of 90 KHz. Adding a maximum
length of the decode duration to the DTS (DSn[ODS]) is the
time when the decoding of the ODSj ends.

When a size of the ODSj is “SIZE (DSn[ODS3j1)” and a
decoding rate of the ODS is an “Rd”, the maximum time required
for decoding indicated by second is expressed in
“SIZE(DSn[ODSj]1)//RdA”. The symbol “//” indicates an
operator foradivision with roundingup after a decimal place.

By converting the maximum time period into a number
expressed at the accuracy of 90 KHz and adding to the DTS
of the ODSj, the time when the decoding ends (90 KHz) indicated
by the PTS is calculated. ‘

The PTS of the ODSj in the DSn is expressedina following
equation.

PTS(DSn[ODS3]1)=
DTS(DSn[ODSj])+90,000x(SIZE(DSn[ODSj])//Rd)

Further, it is necessary that a relation between two
succeeding ODS, ODSj and ODSj+l, satisfies a following
equation. | ' |
PTS(DSn[ODSj])SDTS(DSn[ODSj+1])

Next,settingsoftheDTSandPTSofthePCSareexplained.

It is necessary that the PCS is loaded to the Object

Buffer on the reproduction apparatus before the decode

starting time (DTS (DSn[ODS1])) of a first ODS (ODS1) in the

DSn, and before the time (PTS(DSn[PDS1])) when a first PDS
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(PDS1) in the DSn becomes valid. Accordingly, it is necessary
that the DTS is set so as to satisfy following equations.
DTS (DSn [PCS] ) £DTS (DSn [0DS1])
DTS (DSn [PCS])<PTS (DSn [pPDS1])

Further, the PTS of the PCS in the DSn is expressed in
a following equation.
PTS(DSn[PCS])ZDTS(DSn[PCS])+decodeduration(DSn)

The“decodeduration(DSn)”indicatesatimedurationfor
decoding all the Graphics Objects used for updating PCS. The
decode duration is not a‘ fixed value, but does not vary
according to a status of the reproduction apparatus and a
device or a software moﬁnted to the reproduction apparatus.
When the Object used for composing a screen of a DSn.PCSn
is a DSn.PCSn.0BJ[j], the decodeduration(DSn) is affected
by time (i) needed for clearing the Window, decode durations
(ii) for decoding a DSn.PCSn.OBJ, and time (iii) needed for
writing of the DSn.PCSn.0BJ. When the Rd and Rc are set, the
decode duration(DSn) is always the same. Therefore, the PTS
is calculated by calculating lengths of these durations in
authoring.

The calculation of the decode_duration is performed
based on a program shown in FIG.18. FIGs. 19, 20A and 20B are
flowcharts schematically showing algorithms of the program.
An explanation about the calculation of the decode_duration
is given below referring to these drawings. In the flowchart
shown in FIG.19, first, a PLANEINITIALZE function is called
(Step S1 in FIG.19). The PLANEINITIALZE function is used for

"calling a function for célculating a time period necessary

to initialize the Graphics Plane for rendering the DS. In

42



10

15

20

25.

WO 2005/004478 PCT/JP2004/009873

the Step S1 in FIG.19, the function is called with arguments
DSn, DSn.PCS.OBJ([0], and decode_duration.

The following explains the PLANEINITIALZE function in
reference to FIG.20A. In the drawing, initialize duration
is a variable indicating a return value of the PLANEINITIALZE
function.

Step S2 in FIG.20 is an if statement for switching
operations depending on whether or not the page_state in the
PCS in the DSn indicates the Epoch Start. If the page_state
indicates the Epoch Start (DSn.PCS .page_state==epoch_start,
Step S2=Yes in FIG.18), a time period necessary to clear the
Graphics Plane is set to an. initialize_duration (Step s3).

When the transfer rate Rc between the Object Buffer and
the Graphics Plane is 256,000,000 as described in the above,
and the total size of the Graphics Plane is seAt to
video width*video_height, the time period necessary to clear
is “video_width*video_height//256, 000, 000”7. When
multiplied by 90.000Hz so as to express at the time accuracy
of PTS, the time period necessary to clear the Graphics Plane
is ™90, 00Oxvideo_width*video__height//256, 000, 000”. This
time period is added to the initialize_ duration.

If the page state doesnot indicate the Epoch Start (Step
82=No), a time period neceséary to clear Window([i] defined
by the WDS is added to the initialize duration for all Windows
(Step S4). Whenthe transferrate Rcbetween the Object Buffer
and the Graphics Plane is 256,000,000 as described in the
above and a total size of Winodow([i] that belongs to the WDS
is }.SIZE (WDS.WIN[i]), the tirﬁe period necessary to clear is
“S'SIZE (WDS.WIN[i])//256,000, 000”. When multiplied by
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90.000ﬁz so as to express at the time accuracy of PTS, the
time period necessary to clear the Windows that belong to
the WDS is “90,OOOXZSIZE(WDS.WIN[i])//256,000,000". This
time period is added to the initialize duration, and the
initialize duration as a result is returned. The above is
the PLANEINITIALZE function.

Step S5 in FIG.19 for switching operations depending
on whether the number of the Graphics Objects in the DSn is
2 or 1 (if(DSn.PCS.num_of_object==2,
if(DSn.PCS.num;of_object==1vin FIG.18), and if the number
is 1 (Step S5), awaiting time for decoding the Graphics Object
is added to the decode_durétion (Step S6) . Calculation of
the waiting time is performed by calling a WAIT function
(decode_duration +=WAIT (DSn, DS.PCS.OBJ[0],
decode_duration) in FIG.18). Thevfunction is called using
arguments set to DSn, DSn.PCS.0OBJ[0], decode_duration, and
a return value is wait_duration.

FIG.20B is a flowchart showing an operation of the WAIT
function. '

In the flowchart, the decode duration of an invoker is
setaseacurrent_duration.'Zulobject_definition_ready_time
is a variable set to the PTS of the Graphics Object of the
DS.

A current_time is a variable set to a total value of
the current_ duration and the DTS of the PCS in the DSn. When
the object definition_ready_time is larger than the
current time (Yes to Step s7, if (current_time
<object definition _ready_time)), the wait_duration as the

return value is set to be a difference between the
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object_definitién_ready_timeandiﬂuacurrent_time(StepSB,
wait_duration | += object _definition_ready_time -
current_time). The decode duration is set to the time period
that the return value of the WAIT function added to the time
period necessary for re-drawing the Window, (90,000 *
(SIZE (DSn.WDS.WIN([O0])) // 256,000,000).

Theaboveexplanationisforthecaseinwhichthenumber
of the Graphics Object is one. 1In Step S5 in FIG.5, it is
judged if the number of the Graphics Objects is two. If the
number of the Graphics Objects in the DSn is more than two
(if (DSn.PCS.num_of_object==2) in FIG.18), the WAIT function
is called using OBJ[O0] in"the PCS as an argument, and add
a return value to the decode_duration (Step S10).

In a succeeding Step S11, it is judged if the Window
to which the OBJ[0] of the DSn belongs is the same as the
Window to which the Graphics Object [1] belongs (if (DSn.OBJ[O].
window id==DSn.PCS.OBJ[1] .window_id). If theWindow is the
same, the WAIT function is called using OBJ[1] as an argument,
and add a return value wait_duration to the decode_duration
(Step S12), and add the time necessary to redraw the Window
to which OBJ([0] belong (90,000 * (SIZE (DSn.WDS.OBJ[O0].
window_id))//256,000,000)totﬂuadecode_duration(StepSlB).

If it is judged that the Windows are different (Step
s11, “different”), the time necessary to redraw the Window
isadded towhichOBJ[0] belong (90,000 * (SIZE (DSn.WDS.OBJ[0].
window_id))//256,000,000)tothedecode_duration(StepSlS),
the WAIT function is called using OBJ[1] as an argument, and
add a return value wait_duration to the decode_duration (Step

316), and the time necessary to redraw the Window to which
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OBJ[l]belong(90,000*(SIZE(DSn.WDS.OBJ[O].window_id))//
256,000, 000) to. the decode_duration (Step S17).

Thedecode_durationiscalculatedbytheabovealgorithm.
AspecificmannerinwhichthePTSoftheOCSissetisexplained
below.

FIG.21A illustrates a case in which one ODS is included
in one Window. FIGs.21B and 21C are timing charts showing
values in an order of time that are referred to in FIG.18.
A bottom line “ODS Decode” and a middle line “Graphics Plane
Access” in each chart indicate two operations that are
performed simultaneously 'when reproducing. The above
algorithm is described assuming that these two operations
are performed in parallel.

The Graphics Plane Access includes a clearing period
(1) and a write period (3) . The clearing period (1) indicates
either a time period necessary to clear an entire Graphics
Plane (90,000x(size of Graphics Plane //256,000,000)), or
a time period necessary to clear all Windows on the Graphics
Plane (%(90,000x(size of Window (i} //256,000,000)).

The write period (3) indicates a time period necessary
to render an entire Window (90, 000x (size of Window [i]
//256,000,000)).

Further, a decode period (2) indicates a time period
between thé DTS and the PTS of the OoDS.

Lengths of the clearing period (1), the decode period
(2), and the write period (3) may vary depending on a range
to be cleared, a size of ODS to be decoded, and a size of
the Graphics Object to be wriften to the Graphics Plane. For

convenience, a starting point of the decode period (2) in

46



10

15

20

25

WO 2005/004478 PCT/JP2004/009873

the drawing is the same as a starting point of the clearing
period (1).

FIG.21B illustrates a case in which the decode period
(2) is long, and the decode_duration equals to a total of
the decode period (2) and the wfite period (3).

FIG.21C illustrates a case inwhich the clearing period
(1) is long, and the decode duration equals to a total of
the clearing period (1) and the write period (3).

FIGs.22A to 22C illustrate a case in which two ODS is
included in one Window. Thedecodeperiod(Z):U1bothFTGs.22B
and 22C indicates a total time period necessary for decoding
two Graphics. Likewise,thewriteperiod(3)indicatesatotal
timeperiodnecessaryforwritingtwoGraphicstotheGraphics
Plane.

Even though the number of ODS is two, it is possible
to calculate the decode -duration in the same manner as in
the case of FIG.21. When the decode period (3) for decoding
the two ODS is long; the decode duration equals to a total
of the decode peridd (2) and the write period (3) as shown
in FIG.22B.

Whentheclearingperiod(l)islong,thedecode_duration
equals to a total of the clearing period (1) and the write
period (3).

FIG.23A describes a case in which each of two Windows
includes an ODS. As in the previous cases, when the clearing
period (1) is longer than the decode period (3) for decodincj
the two ODS, the decode_duration equals to a total of the
clearing period (1) and the write period (3). However, when

the clearing period (1) is shorter than the decode period
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(3), it is possible to write to a first Window before the
decode period (2) ends. Accordingly, the decode duration
does not equal to either of a total of the clearing period
(1) and the write period (3), or a total of the decode period
(2) and the write period (3).

When a time period necessary for decoding a fiist ODS
is awrite period (31) anda time period necessary for decoding
a second ODS is a write period (32}, FIG.23B illustrates a
case in which the decode period (2) is longer than a total
of the clearing period (1) and the write period (31). 1Imn this
case, the decode duration equals to a total of the decode
period (2) and the write p.eriod (32) «

FIG.23C illustrates a case in which a total of the
clearing period (1) and the write period (31) is longer than
the decode period (2). In this case, the decode_duration
equals to a total of the clearing period (1), the write period
(31), and the write period (32).

The size of the Graphics Plane is known from a model
of the reproduction apparatus in advance. Also, the size of
the Window, and the size and number of the ODS are also known
at the authoring. Accordingly, itis possible to find to which
combination of time periods the decode duration equals: the
clearing peribd (1) and thewrite period (3)., the decode period
(2) and the'writ.e period (3), the decode period (2) and the
write period (32), or the clearing period (1), thewrite period
(3) and the write period (32) .

By setting the PTS of the ODS based on the calculation
of the decode duration expléined above, it is possible to

synchronously display the graphics with the picture data at
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ahighaccuracy. Suchasync displayatahighaccuracy becomes
possible by defining the Window and limitinganareato re—-draw
to the Window. Thus, introducing a concept of Window into
an authoring environment has a great significance.

The following is an explanation about settings of the
DTS and PTS of the WDS in the pSn. The DTS of the WDS may
pe set so as to satisfy an equation below.
DTS (DSn [WDS] ) 2DTS (DSn [PCS])

On the other hand, the OTS of the WDS in the DSn indicates
a .deadline to start writing to the Graphics Plane. Because
it is sufficient to write to the Window on the Graphics Plane,
the time to start writing to‘ the Graphics Plane is determined
by subtracting a time length indicated by the PTS of the PCS
froma time period necessary for writing the WDS. Whena total
size'of the WDS is ZéIZE(WDS.WIN[i] ), the time necessary for
clearing and re-drawing is “"YSIZE (WDS.WIN [i1)//256,000,0007.
When expressing at a time accuracy of 90.000 KHz, the time
is “90,000x%SIZE (WDS.WIN[i])//256,000, 000”.

Accordingly, it is possible to calculate the PTS of the
WDS by the following equation.
PTS(DSn[WDS])=
PTS (DSn [PCS])-90000xySIZE (WDS.WIN[i]) //256,000,000

The PTS indicated in the WDS is the deadline, and it
is possible to start writing to the Graphics Plane earlier
thanthe PTS. Inotherwords, asshownin FIG.23, oncedecoding
the ODS to be rendered in one of the Windows, writing of the.
Graphics Object obtained by the decoding may start at this
point. |

As described above, it is possible to assign the Window
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toanypointoftimeonthereproductiontimelineoftheAVClip
using the DTS and PTS added to the WDS.

Explanations about an example of settings of the DTS
and PTS in a Display Set based on the settings are give below,
referringtospecificexampleillustratedinFIGs.24—25. The
example is about a case in which subtitles are displayed by
writing to the Graphics Plane four times, and an update is
performed for displaying each of two subtitles “what is
blu-ray.” and “blu-ray is everywhere.” FIG.24 illustrates
chronological transitionof the update in the example. Until
a point tl1, “what” is displayed, and “what is” is displayed
afterthetltilliatZ,andthén“whatisblu—ray.”isdisplayed
atat3. Afterawholesentenceofafirst subtitlehasappeared,
a second subtitle “blu-ray is everywhere.” is displayed at
a t4.

~FIG.25A illustrates four DisplaySetsthatare described
so as to perform the above explained update. A DS1 includes
aPCSl.Zforcontrollinganupdateatthetl,aPDSlforcoloring,
an ODS1 corresponding to the subtitle “what is blu-ray.”,
and an END as an ending code of the DS1.

A DS2 includes a PCS1.2 for controlling an update at
the t2, and an END. A DS 3 includes a PCS1.3 for controlling
an update at a t3 and an END. A DS 4 includes a PCS2 for
controlling an u_pdate at the t2, a PDS2 for color conversion,
anODSZcorrespondingtothesubtitle“blu-rayiseverywhere.”,
and an END.

Referring to a timing chart in FIG.25B, settings of DTS
and PTS for each functional éegment in the four Display Sets

are explained.
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The reproduction timeline in the timing chart is the
same as the timeline inFIG.24. In the timing chart of FIG.25A,
PTS (PCS1.1), PTS(PCS1.2), pTS (PCS1.3), and PTS(PCS2) are
respectively set at a display point t1 for displaying “what”,
a display point t2 for displaying “what is”, a display'point
£3 for displaying “what is blu-ray.”, and a display point
t4 for displaying “blue-ray is everywhere.”. Each PTS are
set as above, because it is necessary that the control such
as cropping described in each PCS is performed at the display.
point of each subtitle.

PTS (ODS1) and PTS (ODS2) are set so as to indicate points
that are calculated by subtfacting'decode_duration from the
pointsindicatedbyETS(PCSl.l)andPTS(PCSZ),respectively,
pecause PTS(PCS) is required to be set so as to satisfy a
formula below.
PTS(DSn[PCS])2DTS(DSn[PCS])+decodeduration(DSn)

In FIG.25B, PTS(ODS2) is set so as to indicate a point
£5 that comes before the point t4, and PTS (ODS1) is set so
as to indicate'a point t0 that comes before the point tl.

DTS (ODS1) and DTS (ODS2) are set soas to indicate points
that are calculated by subtracting decode_duration from the
points indicated by PTS (ODS1) and PTS(0ODS2), respectively,
because DTS (ODS) is required to be set so as to satisfy an
equation below.
PTS(DS[ODSj])=DTS(DSn[ODSj])+90,000x(SIZE(DSn[ODSj])//Rd
) :

In FIG.25B, PTS(0ODS2) is set soas to indicate the point
t5 that comes before the point t0, and PTS(ODS1l) is set so

as to indicate a point that comes before the point t0. A
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relationindicatedby[ﬂS(ODSZ)=PTS(ODSl)issatisfiedhere.

By setting a PTS of an ODS immediately after a PTS of
a preceding ODS to be displayed earlier, the reproduction
apparatus performs an operation in which the ODS is read out
to the memory so as to oyerwrite the preceding ODS, and thus
it is possible that the reproduction process is pexrformed
by a small size of memory. By realizing such a reproduction
process{choicesfbranmmorysizeforareproductionapparatus
become wider.

TheDTSofPCSl.lissetsoastobe[ﬂs(PCSl.l)=DTS(ODSl),
becausethevaluefortheDTSofEmSl.lmaybeanypointbefore
the point indicated by DTé(ODSl).

The PTS of ODS1, the DTS of ODS2, and the PTS of the
PCS1.2, PCS1.3, and PCS52 are set at the point t0, so as to
satisfy a relation indicated by an equation below.
PTS(ODSl)=DTS(ODS2)=PTS(PCSl.2)=PTS(PCSl.3)=PTS(PCSZ)

ThisisbecausethevaluefortheDTSofPCSl.2andPCSl.3
may be any points before the point indicated by PTS (PCS1.3),
and the DTS of PCS2 may be any point before the point indicated
by DTS (PCS2).

As explained above; it is possible to perform update
of a succéeding pPCS as soon as the updating of a previous
PCS is completed, by reading out more than one PCS at the
same time.’ .

It is sufficient that the DTS and PTS of PCS and the
DTS and PTS of ODS satisfy the relations indicated by the
formulae above. Accordingly, it becomes possible that the
values are set' to .be DTS (ODS2)=PTS (ODS1) or
PTS (ODS1)=DTS (0ODS2)= PTS(PCSl.2)=PTS(PCSl.3)=DTS(PCSZ).
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By such settings for time stamps, it is possible to adjust
time length of a period in which load in decoding increases
or more buffers are needed. Such adjustment expands
possibility of the controls during the reproduction, and
advantageous for those who perform authoring or manufacture
reproduc¢ing apparatuses.

Data structures of the Display Sets (PCS, WDS, PDS, 0ODS)
explainedabove isan instance of the class structure described
in a programming language. Producersthatperfonnauthoring
may obtain the data structures on the BD-ROM by describing
the class structure according to the syntax provided in the
Blu-ray Disc Prerecording f‘ormat.

Next, a practical example of a reproduction.apparatus
according tothepresent inventionis explainedbelow. FIG.26
illustrates an internal structure of the reproduction
apparatus according to the présent invention. The
reproduction apparatus according to the present invention
isindustriallyproducedbasedcu1theinternalstructureshown
in the drawing. The reproduction apparatus according to the
presentinventionismainlystructuredbythreeparts:asystem
LSI, a drive device, and a microcomputer system, and it is
possible to industrially produce the reproduction apparatus
by mounting the three parts to a cabinet and a substrate of
the apparatus. The system LSI is an integrated circuit in
which various processing units for carrying out a function
of the reproduction apparatus are integrated. The
reproduction apparatus manufactured in the above manner
comprisesaBDdrivel, aRead Bﬁffer 2, aPIDfilter 3, Transport

Buffers 4a-4c, a peripheral circuit 4d, a Video Decoder 5,
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a Video Plane 6, an Audio Decoder 7, a Graphics Plane 8, a
CLUT unit 9, an adder 10, a Graphics Decoder 12, a Coded Data
Buffer 13, a peripheral circuit 13a, a Stream Graphics
Processor 14, an Object Buffer 15, a Composition Buffer 16,
and a Graphics controller 17.

The BD drive 1 performs load/read/e] ect of the BD- ROM,
and accesses to the BD-ROM.

The Read Buffer 2 is a FIFO memory for storing the TS
packets read from the BD-ROM in a first-in first-out order.

ThePIDfilterBfiltersmorethanoneTSpacketoutputted
from the Read Buffer 2. The filtering by the PID filter 3
is to write the only TS packets having a desired PID to the
Transport Buffers 4a-4c. Buffering is not necessary for the
filtering by the PID filter 3, and accordingly, the TS packets
inputted to the PID filter 3 are written to the Transport
Buffers 4a-4c without delay. | -

The Transport Buffers 4a-4c are for storing the TS
packetsoutputtedfromthePIDfilter3injafirst—infirst—out
order. A speed at which the TS packets from the Transport
Buffers 4a-4c are outputted is a speed Rx.

The peripheral circuit 4disa wired logic for converting
the TS packets read from the Transport Buffers 4a-4c into
functional segments. The functional segments obtainedby the
conversion ‘are stored in the Coded Data Buffer 13.

The Video Decoder 5 decodes the more than one TS packets
outputted from the PID filter 3 into a decompressed picture
and writes to the Video Plane 6.

The Video Plane 6 is a piane memory for a moving picture.

The Audio Decoder 7 decodes the TS packets outputted
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from the PID filter 3 and outputs decompressed audio data.

The Graphics Plane 8 is a plane memory having an area
for one screen, and is able to store decompressed graphics
for one screen. .

The CLUT unit 9 converts an index color of the
decompressed Graphics stored in the Graphics Plane 8 based
on the values for ¥, Cr, and Cb indicated by the PDS.

The adder 10 multiplies the decompressed Graphics to
which the color conversion has been performed by the CLUT
unit 9 by the T value (Transpaiency) indicated by the PDS,
adds the decomposed picture data stored in the Video Plane
per pixel, then obtains and outputs the composed image.

The Graphics Decoder 12 decodes the Graphics Stream to
obtain the decomposed graphics, and writes the decomposed
graphics as the Graphics Object to the Graphics Plane 8. By
decoding the Graphics Stream, the subtitles and menus appear
on the screen. The Graphics Decoder 12 includes the Coded
bataBuffer 13, the peripheral circuit 13a, the StreamGraphics
Processor 14, the Object Buffer 15, the Composition Buffer
16, and the Graphics contrpller'17.

The Coded Data Buffer 13 is a buffer in which the
functional segment is stored along with the DTS and PTS. . The
functional segment is obtained by removing a TS packet header
and a PES packet header from each TS packet in the Transport
Stream stored in the Transport Buffer 4a~4c and by arranging
the payloads sequentially. The PTS and DTS out -of the removed
TS packet header and PES packet header are stored after making
correspondence between the PES packets.

The peripheral circuit 13aisa wired logic that realizes
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a transfer between the Coded Data Buffer 13 and the Stream
Graphics Processor 14, and a transfer between the Coded Data
Buffer 13 and the Composition Buffer 16. In the tran;fer
operation, when a current time is a time indicated by the
DTS of the ODS, the ODS is transferred from the Coded Data
Buffer 13 to the Stream Graphics Processor 14. When the
current time is a time indicated by the DTS of the PCS and
PDS, the PCS and PDS are transferred to the Composition Buffer
16. '

The Stream Graphics Processor 14 decodes the ODS, and
writes the decompressed graphics of the index color obtained
by decoding as the Graphics Object to the Object Buffer 15.
fhe decoding by the Stream Graphics Processor 14 starts at
the time of the DTS corresponding to the ODS, and ends by
the decode end time indicated by the PTS co-rresponding to
the ODS. The decoding rate Rd of the Graphics Object is an
output rate of the Stream Graphics Processor 14.

The Object Buffer 15 is a buffer corresponding to a pixel
buffer in the ETSI EN 300 743 standard, and the Graphics Object
obtained by the decode that the Stream Graphics Processor.
14 performs is disposed. The Object Buffer 15 needs to be
set to twice or four times as large as the Graphics élane
8, because in case the Scrolling effect is performed, the
Object Buffer 15 needs to store the Graphics Object that is
twice or four times as large as the Graphicé Plane.

The Composition Buffer 16 is a memory in which the PCS
and PDS are disposed.

The Graphics controllef 17 decodes the PCS disposed in

the Composition Buffer 16, and performs a control based on
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the PCS. A timing for performing the control is based on the
PTS attached to the PCS.

Next, recommendedvalues for the transfer rateandbuffer
size for structuring the PID filter 3, Transport Buffer 4a-4c,
Graphics Plane 8, CULT unit 9, Coded Data Buffer 13, and
Graphics controller 17 are explained. FIG.27 illustrates
sizes of the write rates Rx, Rc, and Rd, Graphics Plane 8,
Coded Data Buffer 13, Object Buffer 15, and Composition Buffer
16. _

The transfer rate Rc between the Object Buffer 15 and
the Graphics Plane 8 is the highest transfer rate in the
reproduction apparatus o.t" the present embodiment, and
calculated as 256Mbps (=500 Kbytes x 29.97 x 2) fromthe window
size and the frame rate. |

Unlike theRc, the transfer rateRd (Pixel Decoding Rate)
between the Stream Graphics Processor 14 and Object Buffer
15 does not need to be updated every video frame cycle, and
1/2 or 1/4-of the Rc is sufficient for the Rd. Accordingly,
the Rd is either 128 Mbps or 64 Mbps.

The Transport Buffer Leak Rate Rx between the Transport
Buffer 4a-4c and Coded Data Buffer 13 is a transfer rate of
the ODS in a compressed state. Accordingly,thetransferrate
Rd multiplied by the compression rate is sufficient for the
Transport Buffer leak rate Rx. Given the compression rate
of the ODS is 25%, 16 Mbps (=64 Mbps x 25%) is sufficient.

Thetransferratesandbuffersizesshownjjlthedrawing

are the minimum standard, and it is also possible to set at

higher rates and larger sizes.

In the above structured reproduction apparatus, each
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elementsperfornuadecodingoperationjjlapipelinestructure.

FIG.28 is a timing chart illustrating a pipeline
processing by the reproduction apparatus. A 5th row in the
drawing is a Display Set in the BD-ROM, a 4th row shows read
periods from the PCS, WDS, PDS, and ODS to the Coded Data
Buffer 13. A 3rd row shows decode periods of each ODS by the
StremnGraphicsProcessorl4. A lst row shows operations that
the Graphics controller 17 performs.

The DTS (decode starting time) attached to the ODS1 and
ODS2 indicate t31 and t32 in the drawing, respectively.
Because the decode starting time is set by DTS, each ODS is
required to be read out.to the Coded Data Buffer 13.
Accordingly, the reading of the ODS1 is completed before a
decode period dpl in which the ODS1 is decoded to the Coded
Data Buffer 13. Also, the reading of the ODS2 is completed
before a decode period dp2 in which the ODS2 is decoded to
the Coded Data Buffer 13.

On the other hand, the PTS (decode ending time) attached
to the ODS1 and ODS2 indicate t32 and t33 in the drawing,
respectively. Decoding of the ODS1 by the Stream Graphics
Processor 14 is completed by the t32, and decoding of the
ODSZiscompletedbyatjmeindicatedbythet33. As explained
above, the Stream Graphics Processor 14 reads the ODS to the
Coded Data Buffer 13 by the time the DTS of the ODS indicates,
and decodes the ODS read to the Coded Data Buffer 13 by the
time the PTS of the ODS indicates;, and write the decoded ODS
to the Object Buffer 15.

A period cdl at the 1§t row in the drawing indicates

a period necessary for the Graphics controller 17 to clear
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the Graphics Plane. Also, a period tdl indicates a period
necessary to write the Graphics Object obtained on the Object
Buffer to the Graphics Plane 8. The PTS of the WDS indicates
the deadline to start writing, and the PTS of the PCS indicates
ending of the write and a timing for display. At the time
indicated by the PTS of the PCS, the decompressed graphics
to compose an interactive screen is obtained on the Graphics
Plane 8.

After the CLUT unit 9 performs the color conversion of
the decompressed graphics and the adder 10 performs
composition of the decomposed graphics and a decomposed
picture stored in the Videb Plane 6, a composite image is
obtained.

IntheGraphicsDecoderlZ,theStreamGraphicsProcessor
14 performs decoding continuously while the Graphics
controller 17 performs clearing of the Graphics Plane 8. BY
the above pipeline processing, it is possible to perform a
prompt display of thé graphics.

In FIG.28, a case in which the clearing of the Graphics
pPlane ends before completing the decoding of the ODS is
explained. FIG.29 illustrates a timing chart in a pipeline
processing of a case in which the decoding of the ODS ends
pefore the clearing of the Graphics Plane is completed. 1In
this case, it is.not.possible to write to the Graphics Plane
at a time of completion of the decoding of the ODS. When the
clearing of the Graphics Plane is completed, it becomes
possible to write the graphics obtained by the decode to the
Graphics Plane. .

Next, a chronological transition in buffer occupancy
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is explained. FIG.30 is a timing chart ' showing the

chronological transitions of the following components shown

in FIG.26: the composition buffer 16, the object buffer 16,

the coded data buffer 13, and the Graphics Plane 8. The first
to fourth rows illustrate the chronologlcal trans:.tlons in
occupancy of the Graphics Plane 8, the object buffer 15, the
coded data Dbuffer 13 and the composition buffer 16,

respectively. Here, a chronological transitionis descrlbed
using line graph, inwhich the lateral axis represents timeline,
and the longitudinal axis' represents occupancy.

The fourth row of FIG.30 shows the chronological
transition in occupancy fo.;c the composition buffer 16. As
the forth row shows, the chronological transition for the
composition buffer 16 includes a part “vfo”, which represents
simple increase which is due to storage of PCS outputted from
the coded data buffer 13.

The thirdhrow shows the chronological transition in
occﬁpancy for the codeddatabuffer 13. Asthethirdrow shows,
the chronological transition for' the coded data buffer 13
includes two simply increasing parts vfl and v£2, and two
simply decreasing parts vgl and vg2. The gradients of the
simply increasing parts vfl and vf2 depend on the output rate
Rx of the transport buffers 4a,b,c to the coded data buffer
13, and the gradients of the simply decreasing parts vgl and
ng represent decoding performed by the stream graphics
processor 14, whichis performed inaninstant. In otherwords,
decoding for ODS is performed instantly, and the stream
graphics processor 14 retains the decompressed graphics

obtained by the decoding'. The write rate of the transmission
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pathfromthestreamgraphicsprocessor14totheobjectbuffer
15 is 128 Mbps. Therefore the occupancy of the object buffer
15 increases in accordance with this write rate.

The second row represents the chronological transition
in occupancy for the objectbuffer15. As the second row shows,
thechronologicaltransitionfortheobjectbufferlSincludes
simply increasing parts vhl and vh2, which is due to storage
of ODS outputted from the stream graphics processor 14. The
gradients of the simply increasing parts Vhl and Vh2 depend
on the transfer rate Rc from the stream graphics processor
14 to the object buffer 15. The periods duriﬁg which simply
decreasing parts at the third row and the simply increasing
parts at the second row occur correspond to “decode period”.
The start of such a decode period is indicated by the DTS
of the ODS, and the end of the decode period is indicated
by the PTS of the ODS. If the decompressed graphics is stored
in the object buffer 15 until the time shown by the DTS of
the 0DS, that means the completion of decoding directed to
the ODS. As long as the decompressed graphics is stored in
the object buffer 15 until the time shown by the PTS of the
ODS, the simply increasing parts and the simply decreasing
parts, during this decode period, may take any form.

The first row represents the chronologlcal tran51tlon
inoccupancyfoptheGraphlcsPlane8. As the first row shows,
the chronological transition for the Graphics Plane 8 includes
a simply increasingpart vE3, which is due to storage of already
decoded ODS outputted fromthe Object Buffer15. The gradient
of the simply increasing part VE3 depends on the transfer

rate Rd from the Object Buffer 15 to the Graphics Plane 8.
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The end of the simply increasing part is shown by the PTS
of ODS.

The graphs such as in FIG.27 are illustrated using: DTS
and PTS assigned to OD3; DTS and PTS assigned to ICS; size
and transfer rate of each buffer illustrated in FIG.27.
Furthermore, by creating the graphs such as in this diagram,
users can know how the state of each buffer changes, at the
authoring stage.

Since the transition of the state of each buffer can
be adjusted by updating DTS and PTS, it becomes possible to
avoid decoding load, which would exceed the specificatioh
of the decoder, from beiﬁg imposed on the reproduction
apparatus, and to avoid Dbuffer Qverflow incident to
reproduction. According to ﬁhis, the hardware/software
implementation will become easy, in the developing phase of
reproduction apparatuses. .

Next, how the controlling unit 20 and the Graphics
Decoder 12 are implemented is explained below. The
controlling unit 20 is implemented by writing a program
performing an operation shown in FIG.30, and having a general
CPU to execute the program. The operation performed by the
controlling unit 20 is explained by referring to FIG.30.

FIG.31 is a flowchart showing the process of loading
operation of fun;:tional segment. In the flowchart, SegmentK
is a variable indicating each of Segments (PCS, WDS, PDS,
andODS)thatisreadoutinreproducingtheAVClip. An ignore
flag is a flag to determine if the SegmentK is ignored or
loaded. The flowchart has a loop structure, in which first

the ignore flag is initialized to 0 and then Steps S21-524
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and Steps S27-831 are repeated for each SegmentK (Step 825
and Step S26) .

Step S21 is to judge if the SegmentK is the PCS, and
if the SegmentK is the PCS, judgments in Step s27 and Step
S28 are perfor'med..

Step S22 is to judge if the ignore flag is 0. If the
ignore flag is 0, the operation moves to Step s23, and if
the ignore flag is 1, the operation moves to Step s24. 1If
the ignore flag is 0 (Yes in Step S22), the SegmentK is loaded -
to the Coded Data Buffer 13 in Step S23.

If the ignore flag is 1 (No in Step S22), the SegmentK
is ignored in Step S524. By' this, the rest of all functional
segments that belong to the DS are ignored because Step 322
is No (Step S24).

As explained above, whether the SegmentK is ignored or
loaded is determined by the ignore flag. Steps $27-S31, S34,
and S35 are steps for setting the ignore flag.

In Step S27, it is judged if segmet_type of the SegmentK
is the Acquisition Point. If the SegmentK is the Acquisition
Point, the operation moves to Step $28, and if the SegmentK
is either the Epoch Start or Normal Case, then the operation
moves to Step S31.

In Step S28, it is judged if a preceding DS exists in
any of the buffers in the Graphics Decoder 12 (the coded data
buffer 13, stream graphics processor 14, object buffer 15,
and composition buffer 16) . The judgment in Step S28 is made
when the judgment inStepS27isYes. Acase inwhichapreceding
DS does not exist in the Graphics Decoder 12 indicates a case

in which the skip operation is performed. In this case, the
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display starts from the DS that is the Acquisition Point,
and therefore the operation moves to Step S30 (No in Step
S28) . InStepS30,theignoreflagissettoOandtheoperation
moves to Step S22.

A case in which a preceding DS exists in the Graphics
Decoder 12 indicates a case in which normal reproduction is
performed. Inthis case, the operationmoves to Step S29 (Yes
in Step $28). In Step S29, the ignore flag is set to 1 and
the operation moves to Step s22.

In Step $31, it is judged if composition_state of the
PCS is the Normal Case. If the PCS is the Normal Case, the
operationmoves to Step S34,. and if the PCS is the Epoch Start,
then the ignore flag is set to O in Step S30.

In Step S34, like in Step 528, it is judged if a preceding
DS exists in any of the buffers in the Graphics Decoder 12.
If the preceding DS exists, the ignore flag is set to 0 (Step
§30). If the preceding DS does not exist, it is not possible
to obtain sufficient functional segments to compose an .
interactive screen and the ignore flag is set to 1 (Step S35).

By setting the ignore flag in the above manner, the
functional segments that constitute the Normal Case are
ignored when the preceding DS does not exit in the Graphics
Decoder 12.

Taking an example of a case inwhich the DS ismultiplexed
as shown in FIG.31, a manner how the reading of the DS is
performed is explained. In the example of FIG.31, three DS
aremultiplexedwithamoving picture. The composition_state
of a DS1 is Epoch Start, the composition state of a DS10 is

Acquisition Point, and the composition_state of a DS20 is
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Normal Case.

Given that, in an AVClip in which the three DS and the
moving picture are multiplexed, a skip operation to a picture
data ptl0 as shown by an arrow aml is performed, the DS10
is the closest to a skipping target, and therefore the DS10
is the DS described in the flowchart in FIG.30. Although the
composition_state is judged to be the Acquisition Point in
Step S27, the ignore flag is set to 0 because no preceding
DS exists in the Coded Data Buffer 13, and the DS10 is loaded
to the Coded Data Buffer 13 of the reproduction apparatus
as shown by an arrow mdl in FIG.32. On the other hand, in
a case in which the skippihg target is after the DS10 (an

arrow am2 in FIG.31), the DS20 is to be ignored because the

DS20 is Normal Case Display Set and DS20 because a preceding

DS does not exist in the Coded Data Buffer 13 (an arrow md2
in FIG.32). ‘ '
FIG.33 illustrates loading of the DS1, DS10, and DS20

in a normal reproduction. The DS1 whose composition_state

of the PCS is the Epoch Start is loaded to the Coded Data
Buffer 13 as it is (Step S23). However, because the ignore
flag of the DS10 whose composition_state of the PCS is the
Acquisition Point is set to 1 (Step S29), the functional
segments that constitute the DS10 are ignored and not loaded
to the Coded Data Buffer 13 (an arrow rd2 in FIG.34, and Step
§24). Further, the DS20 is loaded to the Coded Data Buffer
13, because the composition_state pf the PCS of the DS20 is
the Normal Case (an arrow rd3 in FIG.34).

. Next, operations by the Graphics controller 17 are

explained. FIGs.35-37 illustrate a flowchart showing the
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operations performed by the Graphics controller 17.

Steps S41-S44 are steps for a main routine of the
flowchart and waits for any of events prescribed in Steps
S41-S44 occurs.

Step S41 is to judge if a current reproducing time is
a time indicated by the DTS of the PCS, and if the judging
is Yes, then an operation in Steps S45-553 is performed.

Step S45 is to judge if the composition_state of the
0CS is the epoch_start, and if judged to be the epoch_start,
the Graphics Plane 8 is all cleared in Step S46. If judged
to be other than the epoch _start, the Window indicated by
the window*horizontal_posifion, window_vertical_position,
window_width, and window_height of the WDS is cleared.

Step S48 is a stepperformed after the clearing performed
in Step S46 or in Step S47, and to judge if the time indicated
by the. PTS of any ODSx has passed. The decoding of any ODSx
could be already completed by the time the clearing ends,
because the clearing of an entire Graphics Plane 8 takes time.
Therefore, in Steps S48, it is judged if the decoding of any
ODSx is already completed by the time the clearing ends. If
the judging is No, the operation returns to the main routine.
IfthetimeindicatedbythePTSofanyODthasalreadypassedf
an operation in Steps $549-551 is performed. In Step S49, it
is judged if objept_crop_flag is 0, and if the flag indicates
0, then the Graphics Object is set to “no display” (Step S50).

If the flag is not 0 in Step S49, then an object cropped
based on object_cropping_horizontal*position, object
_crOpping_vertical_position, cropping width, and cropping

_height is written to the Window in the Graphics Plane 8 at
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the position indicated- by
object cropping_horizontal position and
object__cropping__vertical_position (Step S51) . By the above
operation, one or more Graphics Objects are rendered in the
Window.

Th Step 52, it is judged if the time corresponding to
a PTS of another ODSy has passed. When writing the ODSx to
the Graphics Plane 8, if the decoding of the ODSy has already
been completed, then the ODSy becomes ODSx (Step S53), and
the operation moves to Step S49. By this, the operation from
Steps S49-851 is also performed to anpther 0ODS.

Next, by referring to f‘IG. 36~, Step S42 and Steps 554-859
are explained below. '

In Step 42, it is judged if the current reproducing point
is at the PTS of the WDS. 1If the judging is that the current
reproducing point is at the PTS of the WDS, then it is judged
if -the number of the Window is one or not in Step S854. 1If
the judging is two, the operation returns to the main routine.
If the judging is one, a loop processing of Steps $55-559
is performed. In the loop processing, operations in Steps
355-859 are performed to each of the two Graphics Object
displayed in the Window. In Step s57, it is judged if
object crop_flag indicates 0. If it indicates 0, then the
Graphics is not‘displayed (Step S58).

If it does not indicate 0, then a cropped object based
on object_cropping_horizontal_position, object_cropping
_vertical position, cropping_width, and cropping height is
written to the Window in the Graphics Plane 8 at the position

indicated Dby object_cropping;_horizontal_position and
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object_cropping_vertical_position (Step S59) .- Byrepeating
the above operations, more thanone Graphics Object is rendered
in the Window.

In Step 844, it is judged if the current reproducing
point is at the PTS of the PDS. If the judging is that the
current reproducing point is at the PTS of the PDS, then it
is judged if pallet_update_flag is one or not in Step S60.
If the judging is one, the PDS indicated by pallet_id is set
in the CLUT unit (Step 861). If the judging is 0, then Step
S61 is skipped.

After that, the CLUT unit performs the color conversion
of the Graphics Object on thé Graphics Plane 8 to be combined
with. the moving picture (Step S62).

Next, by referring to FIG.37, Step S43 and Steps 564-566
are explained below.

In Step 43, it is judged if the current reproducing point
is at the PTS of the ODS. If the judging is that the current
reproducing point is at the PTS of the ODS, then it is judged
if the number of the Window is two or not in Step S863. If
the judging is one, the operation returns to the main routine.
Ifthe jﬁdging is two, operations inSteps S64-S66are performed.
In Step S64, it is judged if object crop_flag indicates 0.
If it indicates 0, then the Graphics is not displayed (Step
S65) . _

If it doesn’t indicate 0 then a cropped object based
on object_cropping_horizontal_position, object_cropping
_vertical_position, cropping width, and cropping_height is
written to the Window in the Graphics Plane 8 at the position

indicated by object_cropping;_horizontal_position and
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object_cropping_vertical_position (Step S66) .- By repeating
the above operations, the Graphics Object is rendered in each
Window.

The above explanations are about the DTS and PTS of the
PCS, and the DTS and PTS of the ODS that belong to DSn. The
DTS and PTS of the PDS, and the DTS and PTS of the END are
not explained. First, the DTS and PTS of the PD that belongs
to the DSn are explained.

As for the PDS that belongs to the DSn, it is sufficient
if the PDS is available in the CLUT unit 9 by the PCS is loaded
to the Composition Buffer 16 (DTS(DSn([PCS])) after decoding
start point of a first ODS (DTS (DSn [0DS1])) . Accordingly,
a value of PTS of each PDS (pDS1-PDSlast) in the DSn is required’
to be set so as to satisfy the following relations.

DTS (D5n [PCS] ) <PTS(DSn[PDS1])
PTS (DSn[PDSj])<PTS(DSn [PDS§+1])SPTS(DSn (PDSlast])
PTS (DSn [PDSlast])<DTS (DSn [ODS1])

Note that the DTS of the PDS is not referred to during
the reprpducing, the DTS of the ODS is set to the same value
as the PTS of the PDS in order ﬁo satisfy the MPEG2 standard.

Following is an explanation about roles of the DTS and
PTS in the pipeline processing of the reproduction apparatus
when the DTS and PDS are set soastosatisfythe above relations.
FIG.38 illustrates the pipeline of the reproduction apparatus
pased on the PTS of the PDS. FIG.38 is based on FIG.26. A
first row in FIG.38 indicates setting the ODS in the CLUT
unit 9. Under the first row are the same as first to fifth
rows in FIG.26. The setting of PDS1l-last in the CLUT unit
9 is performed simultaneously with the start of the 0ODS1
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decoding (arrows up2, up3). (The setting of the PDS1-PDSlast
to the CLUT unit 9 is performed after the transferring the
PCSandWDSandbeforethedecodingoftheODSl,andaccordingly
the setting of the PDS1-PDSlast to the CLUT unit 9 is set
before a point indicated by the DTS of the ODS1 as shown by
arrows up2 and up3.)

As described above, the setting of the PDS is performed
in prior to the decoding of the ODS.

Next, a setting of the PTS of END of Display Set segment
in the DSn is explained. -The END that belongs to the DSn
indicates the end of the DSn, and accordingly it is necéssary
that the PTS of the END indicates the decode ending time of
the ODS2. The decode ending time is indicated by the
PTS (PTS(DSn[ODSlast])) of the ODS2(ODSlast), and therefore
thePTSoftheENDisrequiredtobesetatavaluethatsatisfies
an equation below.

PTS (DSn [END] ) =PTS (DSn{ODSlast]) -

In terms of a relation between the DSn and the PCS that
belongs to the DSn+l, the PCS in the DSn is loaded to the
Composition Buffer 16 before a loading time of the first ODS
(ODS1), and therefore the PTS of the END should be after a
loading time of the PCS in the DSn and before a loading time
of the PCS that belongs to the DSn+l. Accordingly, the PTS
of the END is rgquired to satisfy a relation below.

DTS (DSn[PCS] )<PTS (DSn[END] )<DTS (DSn+1[PCS])

on the other hand, the loading time of the first ODS
(ODS1) is before a loading time of a last PDS (PDSlast), and
therefore the PTS of the END (PTS(DSn([END})) should be after
a loading time of the PDS that belongs to the DSn
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(PTS (DSn[PDSlast])) . Accordingly, the PTS of the END is
required to satisfy a relation below.
PTS(DSn[PDSlast])SPTS(DSn[END])

Following is an explanation about significance of the
PTS of the END in the pipeline processing of the reproduction
apparatus. FIG.39 is a diagram describes the significance
oftheENDinthepipelineprocessofthereproductionapparatus.
FIG.39 is based on FIG.28, and each row in FIG.39 is
substantially the same as FIG.28 other than that a first row
in FIG.39 indicates the content of the Composition Buffer
16. Further, in FIG.39, 2 Display Sets, DSn and DSn+l are
illustrated. TheODSlastiﬁtheDSnisthelastODSnofA—ODSs,
and accordingly, the point indicated by the PTS of the END
is before the DTS of the PCS in the DSn+l.

By the PTS of the END, it is possible to find when'the
loading of the ODS in the DSn is completed during reproduction.

Note that although the DTS of the END is not referred
to during reproduction, the DTS of the END is set to the same
value as the PTS of the END in order to satisfy the MPEG2
standard.

As described in the above, a part of the Graphics Plane
is specified as the Window for displaying the Graphics
according to the present embodiment, and therefore the
reproduction apparatus does not have to render the Graphics
for an entire Plane. The reproduction apparatus may render
the Graphics for oniy a predetermined size of Window, 25%
to 33% of the Graphics Plane, for example. Because the
renderingoftheGraphicsotherthantheGraphicsintheWindow

is not necessary, the load for software in the reproduction
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apparatus decreases.

Even in a worst case inwhich the updating of the Graphics
is performed 1/4 of the Graphics Plane, for example, it is
possible to display the Graphics synchronously with the
picture by the reproduction apparatus performing the write
to the Graphics‘Plane at a predetermined transfer rate such
as 256 Mbps, and by setting the size of the Window so as to
ensure the sync display with the picture. |

Thus, it is possible to realize a high resolution
subtitle display for various reproduétion apparatuses,

because the sync display is easily ensured.

(Second Embodiment)

The First Embodiment explained above is for graphics
dedicated for subtitle display. On the contfary, a Second
Embodiment is on graphics for interactive display. |

Among the embodiments of a recording medium according
to the present invention, an example of use of the recording
medium is explained as follows. Just as in the First
Embodiment, the recording medium of the Second Embodiment
can also be manufactured by an improvement in an application
layer of a BD-ROM. FIG.41 is a diagram schematically
illustrating a. structure of the AVClip of the second
embodiment.

The AVClip (shown in the middle) is structured in a
foliowingmanner. The video streammade of plural video frames

(picture pjl, pj2, and pj3), and the audio stream made of
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plural audio frames (top row of the drawing) are respectively
converted intoa line of PES packets (second row of the drawing) .,
and then into a line of TS packets (third row of the drawing) .
The interactive graphics stream (bottom row of the drawing)
is converted into a line of PES packets (second to bottom
row of the drawing), and then into a line of TS packets (third
to bottom row of the drawing). The three lines of TS packets
are multiplexed, and thus the AVClip is constituted.

Next, the interactive graphics stream is explained.
The interactive graphics stream has an Interactive
Composition Segment (ICS) instead of PCS, and does not have
WDS. The interactive graphics stream is similar to the
presentation graphics stream, in that it has functional
segments named a Palette Definition Segment (PDS}, an Object
Definition Segment (ODS), and an END of Display Set Segment
(END) . |

Disposition of GUI parts on a screen Jgenerates an
interactive screenthat isdefinedby the functional segments.
FIG.42A is a diagram illustrating such an interactive screen
realized by the interactive graphics stream. This
interactivé screen includes four GUI parts called buttons
A-buttons D. Interactivitybymeansof interactive graphics
stream means changing the state of these GUI parts (i.e.
buttons) according to user operations. The state of the GUI

parts (buttons) includes “normal state btl”, “selected state
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bt2”, and “active state bt3”, which are shown in FIG.42A.
The normal state is a state in which mere display is provided.
As opposed to this, the selected state is a state in which
a focus isgivenaccordingtoauseroperation, but confirmation
has not been received. The active state is a state in which
confirmation is received. The button state can be changed
by push directed to the keys of the remote controller 400,
which is shown in the First Embodiment.

FIG.42B is adiagramillustrating the keys of the remote
controller 400, through which a user operation directed to
the interactive screen is received. As shown inthisdrawing,
the remote controller 400 is provided withMoveUp key, MoveDown
key, MoveRight key, and Moveleft key. |

The MoveUp key is for, when a botton in the interactive
screen is in a selected state, setting a button above this
selected button, to be in a selected state. The MoveDown key'
is for setting a button below this selected button to be in
a selected state. The MoveRight key is for setting a key on
the right of the selected key to be in a selected state, and
the MovelLeft key is for setting a key on the left of the selected
key to be in a selected state.

The Activated key is for setting the selected button
to be in an active state (i.e. to activate. Numerical keys
“w0”-"9” are for setting a button to which a corresponding

number is assigned, to be in a selected state. “+10” key is
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for receiving an operation to add 10 to the already inputted
numerical values. It should be noted here that “0” key and
“+10” key are both for receiving input of numerical value
of no smaller than 10 digits. Therefore any one of them is
enoﬁgh for the remote controller 400.

Eachstate (i.e.normalstate, selectedstate, andactive
state) is made of plural graphics in decompressed state. Each
decompressed graphics,.which is for representing each state
of the buttons, is named “Graphics Object”. The reason why
one state of a button is represented by plural decompressed
graphics is to take it into considération to performanimation
display for every state of each button.

Next, the improvements directed to the definition
segments (ODS, PDS) in the present embodiment are explained.
ODS and PDS have the same data structure as those of the First
Embodiment. Only difference -lies in the “object_ID”
concerning ODS. ODS in the Second Embodiment constructs
animation using plurél Graphics Objects defined by plural
ODSs. In construéting animation, an object_ID is added to
a series of ODS, where the object ID is a serial number. .

Next, ICS-is explained. An Interactive Composition
Segment is a functional segment constitﬁting an interactive
screen. The Interactive Composition Segment has the data.
structure shown in FIG.43. As shown in this drawing, ICS is

composed of: segment _type; segment_length;
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composition_number;
composition_state;command_update_flag;composition_time_o
ut_pts;selection time out_pts;UO_mask table;animation fr
ame_rate_code;default_selected_button_number;default_act
ivated_button_number; and button information sets (button
info (1) (2) (3) ..).

“composition_number"representsnumericalvaluesfrom
0 to 15, which indicate performing of update.

“composition_state”representstheDSstartingwiththe
present ICS is Normal Case, Acquisition Point, or Epoch Start.

“command_updéte_flag” represents whether the button
command within the present ICS has changed from the former
ICS. For example, if the DS that a certain ICS belongs is
Acquisition Point, this ICS will have the samebcontent as
an ICS which is just before this ICS, in principle. However,
if “command update_flag” is set to be on, a button command
different from the ICS just before can be‘set as ICS. This
flag is set to be valid when command is desired to be changed
while applying Graphics Object.

“compsbtion_tiﬁe_out_pts” describes an end time of the
interactivé screen. At the end time, the interactive .screen
display is no longer valid, and so'is not performed. It is
desirable that composition_ time_out_pts is described at a
time accuracy of the reproduction timeline for the moving

picture data.
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“selection_ time out_pts” describes an end time of a
valid button selectioﬁ period. During the
selection_time_out_pts, the button specified by
default_activated_button_numbergetsaptivatedn The period
of selection_time out pts is equal to, or shorter than the

period : of composition time out_pts.

‘Selection time out_pts is described at a time accuracy of

the video frame.

“UO_mask_table” represents permission/prohibition of
user operation for Display.Set that corresponds to the ICS.
Ifthismaskfieldissetasprohibition,useopefationdirected
to the reproduction apparatus will be invalid.

“animétion_frame_rate_code" describes a frame rate to
be applied to the animation-type button. An animation frame
rate is obtained by dividing the video frame rate by a value
in this field. If the value in this field is “00”, only the
ODS specified by start object_ id_xxx is displayed, and not
animation, the ODS being among the ODSs defining Graphics
Objects for the buttons.

“default selected button_number” indicates a button
number that should be set in a selected state és a default,
when an interactive screendisplay has started. Ifthisfield
is “0%, abuttonhaving the button number stored in the register
of the reproduction apparatus will be automatically set to

bé in an active state. If this field is not “0”, it means
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that this field indicates a valid value of button.

“default activated button_number” representsabutton
to be automatically set in an active state, when the user
did not set any button to be in an active state prior ﬁo the
time  defined by selection_time_out_pts. If
default activated button_number is “FF”, the button
currently in a selected state, at the time defined by
selection_time_out_pts, will be automatically selected. If
this default activated_button_number is “00”, the automatic
selection will not be performed. If it is other than “00”
and “FF”, this fieldwill be inferpreted as indicating a valid
button number.

Button information (button info) defines each button
composed at the interactive screen. A leader line in this -
drawing focuses the internal structure of button information
i, which is about the ith button that the ICS controls. The
following explains the information elements constituting the
bu;cto,n information i. |

“button_number” is a value uniquely identifying the
putton i, at the ICS.

“numeArically_selectable_flag” indicates whether to
permit the numerical value selection fo? the button i.

“auto_action_flag” indicates whether to automatically
set the button i. If this auto_action_flag is set to be on

(i.e. bit value of 1), the button i will be set in an active
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state, instead of in a selected state. Conversely, if the

auto_action flag is set to be off (i.e. bit value of 0), the

button i will be set in a mere selected state, even if this

button has been selected.

“iject_horizontal_position”and“object_vertical_pos
ition” respectively indicate the horizontal position and the
vertical position, of the uppei—left pixel of the button i
in the interactive screen.

“upper button_ number” indicates the number of a button

.to be set in a selected' state instead of the button i, when

the MoveUp key has been pushed at the time when the button
j is in a selected state. If the number corresponding to the
pbutton i has been set in this field, the push directed to
the MoveUp key will be ignored. | |

“lower button_number”, “left button_number”, and
“right_ button_number” indicate, when MoveDown key, Moveleft
key, and MoveRight key are respectively pushed during the
button i being in a selected state, the number of a button
to be in a selected state instead of the push of the button
i. If the number corresponding to the button i has beeﬁ set
in this fieid, the push directed to these keys will be ignored.

“start_object_id__.normal” is sucﬁ a field that, when
rendering the button i in a normal state by animation, the
first number among the serial numbers that are assigned to

the plurality of ODSs constituting the animation is described
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in this “start object_id_normal”.

“end object_id normal” is such a field that, when
rendering the button i in a normal state by animation, the
last number among the serial numbers (i.e. object_id) that
are assigned to the plurality of ODSs constituting the
animation is described in this end_object_id normal. If the
ID indicated in the end object_id_normal is the same as the
ID indicated in the start object_id_normal, the still image
corresponding to this ID in the Graphics Object will be the
image for the button i.

“repeated_normal_flag"indicateswhethertorepeatedly
continue the animation display of the button i that is in
a normal state.

“start_object_id_selectéd” is such a field that, when
rendering the button i in a.selected state in animation, the
first number among the serial numbers that are assigned to
theplhralityofODSsconsitutitingtheanimationisdescribed
in this “start object_id_selected”.

“end object id selected” is such a field that, when
rendering the button in a selected state by animation, the
last number among the serial numbers that are aséigned to
the plurality of ODSs constituting the animation is described
in this end object id selected. If the ID indicated in the
the end_object_id selected is the same as the ID indicated

in the start_object;id_seledted, the still image
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- corresponding to this ID in the Graphics Object will be the

image for the button i.

“repeat__selected_flag” indicateswhether torepeatedly
continue the animation display for the button i inthe selected
state. If start object_id_selected and
end_object_id_selected have the same value, this field will
be set as 00.

“start_object_id_activated”v is such a field that, when
rendering the button i in the active state by animation, the
first number among the serial numbers that are assigned to
the plurality of ODSs constituting the animation is described
in this start object_id_activated.

“end object_id_activated is such a field that, when
rendering the button in the active state by animation, the
last number among the serial numbers (i.e. object_id) that
are assigned to the plurality of ODSs constituting the
animation is described in this end _object_id_activated.

Next, the button command is explained.

A button command (button_command) is a command to be
executed when the button i is set in active state.

As foilows, an example of interactive control by means
of ICS is explained. This example assumes ODS and ICS as
illustrated in FIG.44. FIG. 44 shows a relationship between
the ODS included in the DSn and the ICS. This DSn is assumed

to contain ODS11-19, 21-29, 31-39, and 41-49. Among these
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ODSs, ODS11-19 respectively illustrate states-of the button
A;OD821—29illustratestatesofthekmttonB;ODS31-39states
of button C; and ODS41-49 states of button D. (Please refer
to the parenthesis “}"). Then it is assumed that the state
controls for these button A-button D are described in the
button infos (1), (2), (3), (4), respectively.

TheexecutingtimingofcontrolbymeansofICScoincides
with the display timing of arbitrary picture data ptl in the
movingpictureofFIG.45,thismeansthataninteractivescreen
tml made up of the button A~ the button D will be displayed
by being composed (gsl) into this picture data ptl (gs2).
Since an interactive screen'made of a plurality of buttons
in accordance with the contents‘of the moving picture, it
becomespossibletorender#eryrealimageswithuseofbuttons
and by means of ICS. |

FIG.46 illustrates a description example of ICS, in a
case where the state of the button A-the button D is changed
as shown in FIG.47. The arrows hhl and hh2 in FIG.47
symbolically represent the state change generated by
neighbor info() of button info(l). The neighbor_info() of
button infd(l) has lower button_number to which the button
C is set. Therefore if UO of MOVEDown key being pushed is
generated while the button A is in a selected state (FIG.
47, upl), the button C will be in a selected stéte (FIG. 47,

sjl). = Since right button_number in neighbor info() of

82



10

15

20

25

. WO 2005/004478 PCT/JP2004/009873

button info(l) is set as button B, if the UO of MOVERight
keybeingpushedis generafed while thebuttonAisina selected
state (FIG. 47, up2), the button B will be in a selected state
(FIG. 47, sj2).

The arrow hh3 in FIG.47 shows control for state change
of button info(3) due to neighbor info(). Since
ﬁpper_ﬁuttoﬁ_number‘ in neighbor info of button info(3) is
set as button A, if UO of MOVEUp key being pushed is generated
while the button C is in a selected state, the button A will
return to be in a selected state.

Next, the images for thé button A - the button D are
explained. Here, assumption is made that the ODS11, 21, 31,
and 41 have images illustrated in FIG. 49, and the like. Since
in | Ics, normal_ state_info() of button _info(l) has
start_object_id_normal, end object_id normal that indicate
ODS11-13, the normal state for the button A is represented
as animation of 0DS11-13. In addition, since the
selected_state_info() of . button_info(1) has
start_ovject_id_selected, end object_id selected that
indicate 0ODS14-16, the selected state of the button A 1is
represented as ODS14-16. As a result of this button A being
set to be in selected state by a user, the figure which is
the image of the button A will change to that of 0ODS14-16,
from that of ODS11-13. Here, if arrangement is made in which -

repeat normal flag, repeat_select_flag are set to 1, in the
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normal_state_info (), selected state_info() respectively,
then the animation of ODS11-13 and the animation of ODS14-16
will be displayed repeatedly and continuously, as shown by
“L(A)”, “(A)-", “=(B)”, and “(B)-"” of the drawing.

If plural ODSs, which are able to render animation, are
assigned to the button A - the button D, and corresponding
controls are described in ICS, button state control can be
realizedmore subtlyand quickly (e.g. changing the expression
of the qharaéte;: of the image as the user operation changes) .

Next, the order of ODS in Display Set is explained. As
aforementioned, ODS belonging to Display Set is indicated
by ICS to represent one state of a button. The or.der of ODS
inDisplaySetis determined, inaccordancewiththe indication
as to which state of a button it should represent.

More specifically, ODSs in Display Set are grouped under
which state they represent, (l)as representing normal state,
(2) as representing selected state, (3) as representingactive
state, and so on. Each of such groups, which represents one

stateofabutton, is called“button-stategroup”. Then, these

button-state groups are arranged in the order such as “normal

statewselected statewactive state”. Defining the order of
ODS will accordingly define the order of the ODS in the Display
Set.

FIG. 50 illustrates the order of ODSbelonging to Display

Set. In the second row of this diagram, three button-state
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groups of the Display Set are shown. This drawing shows three
sets of ODS: an ODS set that renders normal state (ODS for
Normal state); an ODS set that renders selected state (ODS
for Selected state); and an ODS set that renders active state
(ODS for Actioned state). These button-state groups are
arranged in the order of .“normal state—selected state-active
state”. The purpose of this order is to read the components
that constitute the initial displayof the interactive screen,
ahead of reading of the other components that constitute the
screen display after update.

The first row of FIG.50 shows the Graphics Objects
“An,Bn,Cn,Dn,As,Bs,Cs,Ds,Aa,Ba,Ca,Da”. The subscript “n”
assigned to An,Bn,Cn,Dn represents normal state | of a
corresponding button. In the same manner, the subscript “s”
of As,Bs,Cs,Ds represents selected sta_te of a corresponding
putton, and the subscript “a” represents active state of a
corresponding button. The second row of FIG.50 shows
button-state groups to which the Graphics Objects of the first
row belong. It should be noted, in this drawing, every set
of ODS1-0DSn is assigned the same number, such as 1 and n.
However, the sets are different from one another, and belong
to N-ODSs, S-0ODSs,. and A-ODSs, respe;:tively. This also
applies to every similar drawing hereinafter.

FIG.51 illustrates state transition of an interactive

screen inwhich the button-state groups of FI1G.50 are disposed.
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Theinteractivescreenofthisdrawinghaspluralstates
that are “initial display”, “update display according to 1%
useraction”,and“updatedisplayaccordingtoZﬁduseraction”.
Thearrowsinthisdrawingrepresentuseractionsthattrigger
the corresponding state change. According to this drawing,
the four buttons A, B, C, and D have “normal state”, “selected
state”, “active state”, respectively. It can be understood
that, so as to pérform initial display, the Graphics Object
for rendering three normal states and the Graphics Object
for rendering one selected state are necessary.

Even in a case where the default selected button is not
defined and which button to be set in selected state will
change dynamically, initial display will be realized once
thedecodingforiﬂuaGraphicsobjectsrepresentingthenormal
state and the selected state, for eaph.button, are complete.
Taking this into consideration, the present embodiment
disposes the button-state groups each corresponding to a
different one of the states in the order of “normal
statewselected state—active state”, as shown in the second
rowof FIG.50. Suchdispositionrealizesinitialdisplayeven
when the reéding and decoding of ODSs constituting the éctive
state are incomplete, and helps éhorteﬁ the period starting
with reading start of Display Set and ending with completion
of initial display.

Next, the following explains in which order the ODSs
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illustrated in FIGs.48 and 49 are disposed. FIG.52
illustrates the order of ODS in Display Set. In this drawing,
ODSs for Normal state are constituted by O0DS11-13, 0oDS21-23,
0DS31-33, and ODS41-43. The ODSs for Selected state are
constituted by ODS14-16, ODS24-26, ODS34-36, and ODS44-46,
and the ODSs for Actioned stat;.e are constituted by ODS17-19,
0ODS827~29, ODS37-39, and ODS47-49. oDS11-13 are for rendering
the change in expression of the character that is shown in
FIG.49. The same thing applies to ODS21-23, 0ODS31-33, and
ODS41-43. Therefore by disposing these ODSs in the top
button-state group, it becomes possible to -arrange the
preparation of initial display even in the middle of reading
out Display Set. According to this, the interactive screen
that takes in animation can be performed without delay.
Next, the order of ODSs that are multiple-referred by
a plurality of buttons is explained. Here,
multiple-referringmeans £hat object _idofanODSis indicated
by two or more of normal_state_info, selected _state_info,
and activated_state_info. By adopting such
multiple-referring method, the selected state of a button
can be rendéred using the Graphics Object for rendering the
normal state of a different button. This enables sharing of
the image of the Graphics Object. Such sharing helps reduce
the number of ODSs. 1In this case, a problem concerning the

ODS used in multiple-referring is which button-state group
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this ODS belongs to.

More specifically, when the normal state of a button
and the selected state of another button are rendered by one
ODS, the thing to be considered is whether this ODS belongs
to a button-state group .correspondin.g to the normal state
or toabutton-state group corresp‘onding tothe selectedstate.

In this case, the ODS is disposed only once in the
button—state_ group that corresponds to the state that appears
earliest.

If a certain ODS is used in multiple-referring in both
of the normal state and in the selected state, this ODS will
be disposed in the button-state group corresponding to the
normal state (N-ODSs), and not in the button-state group
corresponding to the selected state (S-ODSs) . In addition,
if another ODS is used in mul£iple—referring in both of the
selected state and in the active state, this ODS will be
disposed in the. button-state group corresponding to the
selected state (S-0ODSs), and not in the button-state group
corresponding to the active state (A-ODSs) . In sum, ODSs in
such a multiple-referring method will be disposed only once
within the button—state group corresponding to the earliest
appearing state.

Next, theorder of ODSsinS-ODSs is explained. InS-ODSs,
which ODS comes first depends on whether the default selected

button isdeterminedstatically, oritisdynamic. Thedefault
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selected button which is statically determined has a valid
value that . is set (excluding 00) in
default selected_button_number in ICS, and this value
specifies the button. When'default_selected_button_number
indicates a valid value, and that there is no ODS representing
the default selected button in N-ODSs, the ODS rebresenting
the default selected button will be disposed first.

‘Ifdefault_selected_buttdn_numberindiéatesthevalue
00, the button set in the selected state as default will
dynamically change according to the state of the reproduction
apparatus side.

A case where default_selected_button _number should be
set to indicate the value 0 is, for example, where AVClip
to which Display Set has been multiplexed works as a joint
point for a plurality of reproduction paths. I1f for example,
the preceding plural playback paths are respectively first,
secondandthirdéhapters,andthetdsplaySetbeingthejoint
pointisfordisplayingthebuttonscorrespéndingtothefirst,
second, and third chapters, it is inadequate to decide, as
default, the button to be in selected state in
default_selected button_number. |

In such a case, it is ideal to change the button to be
in selected state according to which one of the preceding
plural reproduction paths is currently gone through, until

reaching this Display Set (e.g. the second-chapter button
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whenreachingfromthefirstchapter,thethird—chapterbutton
when reaching from the second chapter, and the fourth-chapter
button when reaching from the third button). Ina case where
the button to Dbe in selected state will change,
default_selected_button_numberwillbedesignedtobeinvalid,
i.e. the value 0 is set thereto. Since the button to be in
selected state will change, an arrangement of disposing a
certain ODS at the beginning of the button-state group is
not necessary.

FIG.53 shows difference in arrangement of ODS in S-ODSs
between a case where default selected button_ number is “=07,
and a case where it is “=buttonB”. Inthisdrawing, the broken
line ss1 shows the disposition of ODSs in S-ODSs, in a case
where default selected button_number indicates the button
B; and the broken line ss2 shows the disposition of ODSs in
S-ODSs, in a case where default_ selected button_number
indicates the value 0. As the notation of this drawing shows,
when default selected button_number indicates the button B,
the ODSBs indicating the button B’ s selected state is disposed
first of S-ODSs, and the other buttons’ ODSs are disposed
thereafter; : On the contrary, when
default selected button number indicates the value 0, the
ODSAs indicating the button A’s selected state is disposed
first. As such, whether default_selected_button number is

valid or not causes the order of S-ODSs to change greatly.
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Next,thefollowingexplainshowDisplaySethavingthese
ICSandODSisdisposedonthereproductiontimelineforAVClip.

DTS and PTS of ODS can be set based on the expressions shown

in the first embodiment. On the contrary, DTS and PTS of ICS

will be different from those shown in the first emﬁodiment.
The following explains the values for DTS and PTS of ICS.

When immediately after Epoch start, PTS in ICS will be
set as an equal to or greater %alue than the value resulting
from summing (1) PTS value of the ODS whose decode time is
the last among the ODSs constituting the initial display of
DSn, (2) time required to clear the Graphics Plane, and (3)
write time for writing the Graphics Object obtained by ODS
decoding to the Graphics Plane. On the other hand, when at
Acquisition Point, it will be set to be equal to or grater
than the value obtained by adding (3) the plane write period.
to (1) PTS value of ODS.

When default selected_button_number is indicated in
ICS, the initial display can be performed as long as i)0ODs
decoding for rendering the normal state of all the buttons
and ii)ODS decoding for rendering the selected state of the
default button.g The ODSs for rendering the selected state
of plural buttons at the ihitial display are called S-0ODSs,
and the ODS whose decoding time comes firét among the ODSs
(in this case, the ODS for rendering the default button) is

called S-ODSsfirst. The PTS value of this S-ODSsfirst is set
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as the PTS value of the ODS whose decoding time comes last,
and is used as a reference value of PTS in ICS.

When default_selected button_number is not indicated
in ICS, any button can be in sélected state. Therefore
preparationfortheinitialdisplaywillnotbecompleteuntil
preparation for rendering the normal state and the selected
state for all the buttons. Among £he S-0DSs for rendering
theselectedstateofthepluralbuttonsattheinitialdisplay,
the one whose decoding‘timé comes last is called S-ODSslast.
The PTS ?alue for this S-ODSslast is set as the PTS value
of the ODS whose decoding time comes last, and is used as
a reference &alue of PTS in ICS.

If the ending time for decoding the S-ODSsfirst is
assumed}to be PTS (DSn[S-ODSsfirst]), PTS(DSn[ICS]) will be
a value resulting from adding, to PTS(DSn[S-ODszirst]), (2)
the time required for clearing the Graphics Plane, and (3)
write time for writing the Graphics Object obtained from ODS
decoding to the Graphics Plane.

Assume here that, within the Graphics Plane, the width
and the heigﬁt of a rectangular area for rendering picture

arerespectivelydefinedas“video—width”and“video—height”,

_and that the rate of writing to the Graphics Plane is 128Mbps.

Then the time required for clearing the Graphics Plane is
expressed as “8*video_width*video_height//128,000,000”.

When this is expressed in time accuracy of 90 KHz, the clearing
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time(2)oftheGraphicsPlanewillbe90,000* (8 *video width
* video_height //128,000,000) .

In addition, assume here that the total size of the
Graphics Objects specified by all the button information
included in ICS is ZSIZE(DSn[ICS.BUTTON[i]]), and that the
rate of writing to the Graphics Plane is 128Mbps, then the
time required for writing to the Graphics Plane is expressed
as YSIZE(DSn[ICS.BUTTON[i]]) //128.000,000. If this is
expressed in time accuracy of 90 KHz, the clearing time (2)
oftheGraphicsPlaneis90,000*(ZSIZE(DSn[ICS'BUTTON[i]]))
//128.000,000).

Here, TSIZE(DSn[ICS.BUTTON(i]]) is the total size of
the firstly-displayed Graphics Object, amoﬁg the Graphics
Objects representing all the buttons. This
Y'SIZE (DSn{ICS.BUTTON([i]] will yield a different value, in
acasewherethedefaultselectedbuttonhasalreadydetermined,
from in a case where the default selec£ed button changes
dynamically. When the default selected button has been
statically determined, YSIZE(DSn[ICS.BUTTON[i]]) will be a
total of 1) the firstly-displayed ODS among the plural ODSs
for represehting the selected state of the default selected
button, and 2) the firstly-displayed ODS among the plural
ODSs for representing the normal state of the buttons except
the default selected button.

Onthecontrary,whenthedefaultselectedbuttonchanges
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dynamically, it should assume the case where the write time
is the longest, because it is hard to know which button will
be the default selectedbutton. Inthiscase, itis considered
that the GraphicsObject tobe firstly displayed is the Graphics
Object having the largest size (Max (ODSn1.0DSs1) among 1)
the Graphics Objects representing the first page in the normal
state of an arbitrary button x (ODSnl), and 2)the Graphics
Objects representing the first page in the selected state
of the button x (ODSsl).

The result of summing this Max (0ODSnl,ODSsl) of reach
button will be YSIZE(DSn[ICS.BUTTON[i]]).

FIGs.54A, 54B illustrate which values
ZSIZE(DSn[ICS.BUTTON[i] ]) takes, in a case where N-ODSs
includes plural ODSs constituting the buttons A-D, and where
S-0ODSs includes plural ODSs constituting the buttons A-D.
Here, when default_selected_button_number indicates a valid
value, ZSIZE(D_‘Sn[ICS.BUTTON[i] 1) will be the total size fof
the four ODSs shown by the frame in thick line. “Asl” is the
OoDS firstly displayed among the plural ODSs representing the

selected state of the button A. YBnl”, “Cnl”, and “Dnl” -

' represent the corresponding ODSs firstly displayed among the

plural ODSs representing the normal states of the button B-the
button D. When these sizes are expressed in size(),
Y'SIZE (DSn[ICS.BUTTON[i]]) will be:

size (Asl)+size(Bnl)+size(Cnl)+size(Dnl).
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Ontheotherhand,whendefault_selectedﬁbutton_number
is “=07, ZSIZE(DSn[ICS.BUTTON[i]]) will be:
Greater ODS of Anl,Asl + Greater ODS of Bnl,Bsl + Greater
ODS of Cnl,Csl, + Greater ODS of Dnl,Dsl.
Therefore ZSIZE(DSn[ICS.BUTTON[i]]) is expressed as
follows.
ZSIZE(DSn[ICS.BUTTON[i]])

=max(size(Cn1)}size(Csl))+max(size(Dn1),size(Dsl))

Using the above-stated expression, PTS (DSn[ICS])
immediately after the starting of Epoch Start is expressed
as follows.

PTS (DSn[ICS))2PTS(DSn[S-ODSsfirst])

+90,000*(8*video_width*video_height//128,000,000)

+90, 000* (YSIZE (DSn{ICS.BUTTON([i]])//128,000,000)

An example of realizing sync display, by setting PTS
and DTS as above, is shown in FIG. 55. This drawing assumes
a case where the button is displayed at the display timing
of any picture data pyl in the moving picture.” In such a case,
the PTS vaiue in ICS should be set so as to coincide with
the display time-point of the corresponding picture data.

In addition, the PTS value in ODS should be set at-thé

time-point (1) of this drawing, because, by the time obtained

by subtracting, from the PTS in ICs, the clearing period of
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the screen “cdl” and the transfer periodof the Graphics Object
“td1”, decoding of the ODS whose decoding time comes last
among the ODSs that constitute the initial display of DSn,
should be complete. Furthermore, because decoding of ODS
require:s the period of ddl, the DTS value of ODS should be
set pfior to this PTS by the period of ddl.

FIG.55 has only one ODS to be combined with a moving
picture, which is a simplified example. In order to realize
the initial display of the interactive screen to be combined
with the moving picture ameng the plural ODSs, the PTS and
DTS in ICS, and PTS, DTS in ODS should be set as shown in
FIG.56.

FIG. 56 shows how DTS and PTS are set in a case where
the initial display of the interactive screen is constituted
by plural ODSs, and where the default selected button is
staticallydetermined. IfdecodingfortheS—ODszirstwhose
decodiﬁg is performed the last, among the ODSs for realizing
the initial display, will end during the period ddl of this
drawing, PTS(DSn[S-ODSsfirst]) of this S-ODSsfirst should
be set to indicate the time of the period ddl.

Furth.ermore, before initial display, screen clearing
and transferring of already decoded Graphics Objects should
be performed. Therefore PTS(DSn[ICS] of ICS should be set
to be after the time obtairied by adding, to the value of this

pTS(DSn[S-ODSsfirst]), the period required for screen
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clearing
(90,000*(8*video_width*video_height//128,000,000))andthe
transfer period of the decoded Graphics Object
(90,000*(ZSIZE(DSn[ICS.BUTTON[i]])//128,000,000)).

FIG.57 shows how DTS and PTS are set in a case where
the initial display of the interactive screen is constituted
by plural ODSs, and where the default selected button is not
determined. If decoding for the §-0ODSslast whose decoding
isperformedthelast,amongtheODSsforrealizingtheinitial
display, will end during the period dd2 of this drawing,
éTS(DSn[S—ODSslast]) of this S-ODSslast should be set to
indicate the time of the.period ddz2.

Furthermore, before initial display, screen cléaring
and transferring of already deéoded.Graphics Objects should
be performed. Therefore PTS (DSn[ICS] of ICS should be set
to be after the time obtained by adding, to the value of this
PTS(DSn[S—ODSslast]),theperiodrequiredforscreenclearing
(90,000*(8*video_width*video_height//128,000,000))andthe
transfer period of the decoded Graphics Object
(90,000*(ZSIZE(DSn[ICS.BUTTON[i]])//128,000,000)).

It shéuld be noted here that the sync control by means
of PTS in ICS, stated above, includes not only control to
display the button at a certain timing.on the reproduction
timeline, but also include the control to enable the display

of Popup menu during a certain period on the reproduction

97



10

15

20

25

WO 2005/004478 PCT/JP2004/009873

timeline. The Popup menu is a menu displayed, as a popup;
by a push directed to the menu key provided for the remote
controller 400. The sync control by means of PTS in ICS also
includes enabling this Popup display at the display timing
of certain picture data in the AVClip. The ODSs constituting
this Popup menu are decoded first and then written to the
Graphics Plane, justasthe ODSs constitutingabutton. Unless
the writing to the 'Graphics Plane has beeﬁ complete, it is
impossible to answer the menucall by auser. Inviewof this,
The time at which the Popup display becomes possible iswritten
to PTS in ICS, at the sync display of the Popup menu.
Following the explanation on the recording medium of
the present invention statea above, a reproduction apparatus
according to the present invention is explained as follows.
The internal structure of the reproduction apparatus
according to the second embodiment is substantially the same
as that of the first embodiment, except some improvements
for the Object Buffer 15, and for the Graphics controller
17. Therefore the improvements for the Object Buffer 15, and
for the Graphics controller 17 are detailed as follows.
Graphics objects that are obtained by the decoding
performed by the Stream Graphics processor 14 and that are
for constituting an interactive screen are disposed in the
Object Buffer 15 according to the second embodiment. FIG.58

illustrates the content of the Object Buffer 15 in comparison
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with the Graphics Plane 8. The content of the Object Buffer
15 assumes a case in which the ODS shown in FIG.48 and FIG.49
are written to the Object Buffer 15. The examples of FIG.48

and FIG.49 realizes the four-button animation by 36

. ODS (ODS11-0DS49), where the ODS representing all the frames

of this animation are stored in this Object Buffer 15, and
the display position of each of the ODSs stored in this Object
Buffer 15 is defined in the Graphics Plane 8. This display
position is defined by 'Button_horizontal_position and
Button vertical_position -of the corresponding button
information. AnimationisrealizedbywritingthepluralODSs
stored in the Object Buffer 15 to a corresponding display
position of the Graphics Plane 8, by transferring one frame
at a time.

The Graphics controller 17 of the second embodiment
interprets the ICS disposed unit the Composition buffer 16,
and executes control based on the ICS. The execution timing
of this control is Based on the value of PTS assigned to the
ICS. The important task of this Graphics controller 17 is
a writing operation at the initial display time of the
interactive screen, and at the update time. The following
describes, with reference to FIG.59, the writing operation
at the initial display time of the interactive screen and
at the update time. FIG.59 illustrates the operation

performed by the Graphics controller at the initial display
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time. As this diagram shows, the Graphics controller 17
performs control so that the ODSs belonging to S-0ODSs of the
button A are written to the display position defined by

Button_ horizontal_ position and Button vertical position of

'the button information at the button A; and similarly, the

ODSs belonging to the N-ODSs of the buttons B, C, Dare written
to the respective display positions defined by the
corresponding Button_horizontal_position and
Button_vertical position of the button information of the
buttons B, C, and D. Note here that the arrows wl, w2, w3,
and w4 symbolically show the aforemehtioned writing. By
performing the writing, the initial display shoﬁn in FIG.
51 will be performed. What should be noted here is that not
all the ODSs are necessary for.realizing'the initial display
of the interactive screen, and as long as the Object Buffer
15containstheODSsbelongingtoS—ODSsofthedefaultselected
button and the ODSs belonging to N-ODSs of the other buttons,
it is enough for completing the initial display of the
interactive screen. Therefore when the ODSs belonging to
S-0DSs of the default éelected.button and the ODSs belonging
to N-ODSs of the other buttons have been decoded, it can be
said to be ready for the Graphics controller 17 to start
performipgwritingfortheinitialdisplayoftheinteractive
screen.

FIG.60 illustrates the operation performed by the
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Graphics controiler 17 when the interactive-screen update
isperformedaccordingtolstUserAction(MoveRight). As this
drawing shows, the Graphics controller 17 performs control
so that the ODS belonging to S-ODSs of the button B is written
tothedisplaypositiondefinedbyButton_horizontal_position
and Button vertical position of the button information at

the button B; and similarly, the ODSs belonging to the N-ODSs

_of the button A are written to the display position defined

kmrButton_horizontal_positionanuiButton_vertical_position
of the button information of the button A. Note here that
the arrows w5, w6, w7, and w8 symbolically show the
aforementionedwriting. Byperformingthewriting, thestate
change shown in FIG. 51 will be realized. The buttons C and
D are in the normal state, just as in the initial display
time, but the writing to the Graphics Plane 8 is being
continually performed the;efor, so as to continue the
animation.

Inthesimilarmannerasabove,FIGs.GlandGZillustrate
the operations performed by the Graphics controller 17, at
the'interactive screen update when the 1stUserAction is
“MoveDown”énd“Activated”. Attheinteréctivescreenupdate
time, The S-ODSs and the A-ODSs of the buttons other than
the default selected button, and so it is desired that all
the ODSs have been stored in the Object Buffer 15.

In the reproduction apparatus, constructed as in the
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above, each component performs decoding operations in
pipeline processing method, Just as in the first embodiment.

FIG.63 is a timing chart illustrating a pipeline
processing performed by the reproduction apparatus. The
fourth row shows the Display Set of BD-ROM, and the third

row shows reading periods of ICS, PDS, ODS to the Coded Data

" puffer 13. The second row shows decode periods of ODSs, where

the decoding is performed by the Stream Graphics processor
14. The first row shows operation periods of the Graphics
controller 17. The decoding start time for the ODSs are shown
by DTS11, DTS12, and DTS 13, respectively. The storing, to
the Coded Data buffer 13, of the first ODS (N-ODSs [ODS1]) among
those belonging to N-ODSs will be complete by the DTS11l. The
storing, to_ the Coded Data buffer 13, of the last
ODS (N=0DSs [0DSn]) among those belonging to the N-ODSs, will
be complete by the DTS12. Asu such, each ODS will have been
read to the Coded Data buffer 13 by the time shown by its
own DTS.

On the other hand, the decode end time of each ODS is
shown by PTS11, PTS12, and PTS13 of the drawing. The decoding
of N-ODSs (0DS1) -performed by the Stream Graphics processor
14 will be complete by PTS11; and the decoding.of N-ODSs.(ODSn)
will be complete by PTS12. As such, by the time shown by the
DTS of each ODS, the ODS has been read to the Coded Data buffer

13, and each read ODS to the Coded Data buffer 13 will be
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decoded and written to the Object Buffer 15 by the time shown
by the PTS shown by the corre sponding PTS. The Stream Graphics
processor 14 performs these series of operation, in pipeline
processing method.

When the default selected button is determined
statically, all the Graphics Objects necessary forthe initial
display of the int.eractive screen will be ready on the Object
Buffer 15 when the decoding is complete for 1) thebutton-state
group corresponding to the normal state, and 2) the first
ODS of the button;state group corresponding to the selected
state. In this drawing, at the timé shown by PTS13, all the
Graphics Objects necessary for the initial display of the
interactive screen get ready.

In this drawing, the period cdl in the first row is the
period necessary for clearing the Graphics Plane 8. 1In.
addition, the period tdl is the period necessary for writing,
to the Graphics Plane 8, the Graphics Objects constituting
the first page of the interactive screen, which are among
the Graphics Objects obtained on the Object Buffer 15. The
exact storing place of the Graphics Objects in the Graphics
Plane 8 is the place shown by button_horizontal position and
button_vertical position. . In other .words, cdl (screen

clearing period) tdl (writing period of the Graphics Object

- having been decoded) are added to PTS13 of ODS, decompressed

graphics constituting the interactive screenwill be obtained
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on the Graphics Plane 8 in the obtained period. Then, by 1)
making the CULT unit 9 perform a color conversion of
decompressed graphics, and 2) making the addingunit 10 combine
the decompressed picture stored in the video plane 6, the
composition image will be obtained.

As opposed to the case where the initial display is
performed aftef decoding all the ODSs included in the Display
Set, it becomes possible, in the above-stated case, toperform
an initial display regardless of whether decoding of a
button-state group corresponding to the selected state has
been complete, or whether decoding of a button—state group

corresponding to the active state has been complete.

. Therefore the initial display will be performed earlier in

this case. by the period hyl in the drawing.

It should be noted, in this drawing, every set of
ODS1-0DSn is assigned the same number, suchaslandn. However,
the sets are different from one another, and belong to N-ODSs,
S-0DSs, and A-ODSs, respectively. This also applies to every
similar drawing hereinafter.

In the graphics decoder 12, even while the Grphics
controller ‘17 continues executing clearing of the Graphics
Plane 8 or writing to the Graphics Plane 8, the Stream Graphics
processor 14 continues performing decoding (decode period
of ODSn, decode period of ODS1, and decode period n of ODSn,

in the second row). Therefore, it becomes possible to finish
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decoding of the other ODSs than those being treated by the
Graphics controller 17, earlier than conventionally, since
theotherODSswillbedecodedsimultaneouslywiththedecoding
of ODSs being treated by the Graphics controller 17. Since
it becomes possible to have preparation fpr updating the
interactive screen early by completing the decoding of the
other ODSs, the interactive screen update, which will use
the other ODSs, will be accordingly finish earlier than
conventionally. The aforementioned pipeline processing
enables both thé initial display of the interactive screen
and the updating thereof, to be berformed without delay.
FIG. 63 assumes the casewhere thedefault selectedbutton
has been staticaily’determined. On the contrary, FIG.64 is
a timing chart illustrating a pipeline processing by the
reproduction apparatus in a case whgre the default selected
button changes dynamically. When the default selectedbutton
changes dynamically, the Graphics Objects neceésary for the
initial display will be ready, when all the ODSs bélonging
to the button-state group have been decoded and the Graphics.
Objects are obtainea in the Graphics Plane. As opposed to
thecasewhéretheinitialdisplayisperformedafterdecoding
alltheODSsincludedjx1thebutton—stategroupcorresponding
tofheactivestate,theabove—statedcaseenablestheinitial
display to be performed regardless of whéther decoding of

the button-state group corresponding to the active state has
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been complete. Therefore, the initial display will be
performed earlier inthis casebythe periodhy2 inthedrawing.

FIG.65 is a timing chart illustrating chronological
transitions in occupancy of the Graphics Plane 8, the Object
Buffer 15, the Coded Data buffer 13, and the Composition _buffer
16. The notations of occupancy used in this drawing conform
to those uéed in FIG.30. Since the ODSs constituting N-ODSs,
S-0ODSs, A-ODSs are to be decoded in the second embodiment,
the number of simply increaéing parts and of simply decreasing
parts is more than in FIG.30. Except for this difference,
FIG.65 is the same as FIG.30. Justas inthe first embodiment,
the graphs for example in FIG.65 are illustrated using: DTS
and PTS assigned to ODS; DTS and PTS assigned to ICS; size
and transfer rate of each buffer illustrated in FIG.27.
Furthermore, by creating such graphs, users can know how the
state of each buffer changes, at the authoring stage. Since
the transition of the state of each buffer can be adjusted
by updating DTS and PTS, it becomes possible, also in this
embodiment, to avoid generation of decoding load which would
exceed the specification of the decoder at the side of the
reproduction apparatus, and to avoid buffer overflow incident
to reproduction. According to this, the hardware/software
implementation will become easy, in the developing phase of
reproduction apparatuses..

Next, software improvement necessary for realizing the
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reproduction apparatus of the second embodiment is explained.

FIG.66 is a flowchart showing the pnéocess of loading
operation of functional segment. This drawing is dawn based
on the flowchart of FIG.31. The difference is that, after
Step S29, Steps $36 and S67 are added to FIG.66.

Step S36 is to judge whether command _update_flag is 1.
If it is 1 (Step S36:IYes) , only button command in the button
information is loaded to the Coded Data buffer 13, and the
others are ignored (Step 837). If it is 0, the control is
moved to Step S22, thereby ignoring the ICS representing
Acquisition Point (Step S24).

Next, assuming the case where multiplexing is pexrformed
as in FIG.67, the following explains how DS is read out. The
example of FIG.67 multipiexes three DS with a moving picture.
Among the three DS, the firSt DS1 has Epoch_Start as
Composition state, includes a button command called
LinkPL (PL#5), and whose Command updaté_flag is set as 0.

DS10 is “Duplicate” of.DSI, and has Acquisition Point
as Composition state, includes a button command called
LinkPL (PL#5), and whose Command update_ flag is set as 0.

DS20 is “Inherit” of DS1, and has Acquisition Point as
Composition_state. The difference from DSI1 is the button
command (LinkPL (PL#10)) ,' and so. as to representing this, its
Command_update flag is set as 1.

Assume here that these three DS and the moving picture
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aremultiplexed inan AVClip, anda skip operationtoa picture
data ptl0 of msl is performed. In this case, the DS10 which
is closest to a skipping target is the target of FIG.66. At
Step S27, composition_state will be judged to be Acquisition
Point, but no preceding DS exist in the graphics'decoder 12.
Therefore the ignore flag is set as 0, and this DS10 is loaded
to the Coded Daﬁa buffer 13 of the reproduction apparatus
(hsi of FIG.68). On the other hand, when the target of a skip
operation falls after the pésition at which Display Set exists
(ms2), Display Set 20 (hs2 of FIG.68) will be read to the
Coded Data buffer 13.

FIG.70 shows loading of DS1, DS10, and DS20, in a normal
reproduction as performed in FIG.69. Among the three DS, DS1
whose Composition state of ICS is Epoch Start is loaded to

the Coded Data buffer 13, as it is (Step $23). However, Ds10,

'whose Composition state of ICS is Acquisition Point, has the

ignore flagofl (StepS29). Therefore the functional segments
constituting DS10 will not be loaded to the Coded Data buffer
13, and will be ignored instead (Step §24). Furthermore, as
for DS20, it is true that its Composition_state of ICS is
Acquisition Point, but its Command update_flag is set as 1.
Therefore Step $36 yields “Yes”, and so only button command
thereof is loaded, and only the button command of ICS of DS.
on the Coded Data buffer 13 is Vreplaced with the bﬁtton command

of DS20 (Step S37). However, the ignore flagstill represents
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1, and so the others different from this button command will
not be loaded, and ignored instead.

WhenreachingDSZO,thedisplaycontentstaysthesame,
however the button command.has changed from LinkPL (#5) of
DS, to LinkPL(#19). Such replacement of button command
enables control of changing the contents of a button command.
Next, the processing performed by the Graphics controller
is explained. ‘FIG.71 is a flowchart illustrating the main’
routineoftheprocessingpefformedbytheGraphicscontroller
17. In this flowchart, the following three operations are
repeatedly executed: time stamp sync operation (Step S35),
animationdisplayoperation(StepS36),andUPoperation(Step
s37).

Here, the processing performed by the Graphics
controller 17 is explained. The processing performed by the
Graphics controller 17 is greatly changed from what are shown
in FIGs.36-38, to what are shown in FIGs.71-78. FIG.71 is
a flowchart illustrating the main routine of the processing
performedkn/theGraphicscontroller17.FIG.72iseiflowchart
illustrating the processing for realizing sync control that
uses time stamp. In this flowchart, judgment is performed
as to any of the conditions of Steps 541, S43-847 holds. If
any of the conditions holds, a corresponding operation is
pérfbrmed,andthengoesbacktothenminroutine. fhestated

processing is a subroutine.
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Step S41 is to judge whether the current reproducing
point is one of the time represented by the PTS of the
§S-0ODSsfirst, and the time represented by the PTS of the
S-ODSslast. If the current reproducing point is judged to
be one of the stated times, theperioda thereof is calculated.
Thé period o is obtained by summation of (2) peribd required
for clearing a GraphicsPlane, and (1) period required for
writing the Graphics Object obtained by ODS decoding, to the
Graphics Plane. |

At Step S42, the Graphics controller 17 refers to
Composition state in ICS, anda) ifComposition_étateisEpoch
Start, sets o to be “plane clearing period (2)+plane writing
period (3)”; b) if Composition_state is Acquisition Point,
sets o to be the plane writing period (3). Calculation of
the plane writing period (3) is performed as follows: if
default selected_button_number is a valid - value, the
calculating method of FIG.54A is used; and if
default_ selected button_number is 0, t.he calculating method
of FIG.54B is used. When o is calculated, the control will
return to a loop processing.

Step S43 is to judge whether the current reproducing
point is the time represented by PTS-ain ICS. If the judgment
results in affirmative, a writing operation to the Graphics-
Plane 8 is performed (Step Ssl), and the control returns to

the main routine.
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Step S45 is to judge whether the current reproducing
point is PTS in ICS. If the judgment results in affirmative,
then the outputting of the contents of the Graphics Plane
8 is instructed. The destination of the contents is the CLUT
unit 9.. The CLUT unit 9 performs color éonversion to the
contents. Then the interactive screen will be combined with
the contents of the video plane 9. As a result, the initial
display is performed (Step §852).  Then, the variable
“animation (p) (p=1,2,3..n) is set to be 0 (Step S53), and the
control returns to the main routine. Here, the variable
animation (p) is a global variable that indicates which number
of frame in the frame sequehce is currently displayed, used
in executing the animation display of the button (p) (a global
variable is a variable that is valid throughout a plurality
of flowcharts). Therefore at Step S53, button (p) of all the
buttons will be set to be 0.

Step S46 and Step S47 are to judge whether the current
reproducing point has reached the time information described
in ICS.

Step S46 is to judge whether the current reproducing
time is the time represented by selection_TimeOut_PTS, and
if the judgment results in affirmative, an operation for
activating the button represented by
default_activated_button_nuﬁber is performed, and the

control returns to the main routine (Step S54).
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Step S47 is to judge whether the current reproducing
pointisComposition_TimeOut_PTS,andifthejudgmentresults
in the affirmative, the screen is cleared, then the control
returns to themain routine (Step §55). Inthe sync operation
stated .above, each of the operations at Step S51 and Step
S54 are performed as a subroutine. Following this, the
subroutine at Step S51 is explained with reference to FIG.73.

FIG.73 is a flowchart illustrating the operation of
writing the initial display of the menu, to the Graphics Plane
8. Step S64 is to judge whether Composition_state in ICS is
Epoch Start, and if the judgment is in the affirmative, the
Graphics Plane is cleared at Step S65, and tﬁe operations
of Steps S$66-S73 are performed. The period required for
clearing the Graphics Plane 8 is the period cdl in FIG.56
and FIG.57. If the judgment of Step S64 is in the negative,
Step S65 is skipped, and the operations of Steps 566-373 are
performed.

Steps 866—873 form a loop processing, which is to be
repeated for each piece of button information of ICS (Step
S66, S67). Button information that should go through this
loop processing is called button information (p).

Step S67 is to judge whether the indication by .
default selected button_number is valid or not. Step S68 is
to jnge whether the button;info(p) is button information

corresponding to the default selected button indicated by
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default selected button number.

1f the judgment in Step S68 is in the negative, the
Graphics Object of start_object_id_normal, indicated Dby
normal state_info of button_info (p) is found from the Object
Buffer 15, and is identified as Graphics Object (p) - (Step 569} .

If the judgment in Step S68 is in the affirmative, the
Gféphics ‘Object of start object_id selected, indicated by
selected_state_info of button_info(p) is found from the
Object Buffer 15, and is identified as Graphics Object (p)
(Step S$70), then the button (p) is set as the current button
(Step S71) . The current button is a button that has been set
to be in selected state in the interactive screen currently
displayed. The reproductionapparatus stores the identifier
of this current button, as PSR(10). .

Once the Graphics Object (p) has been identified as a
result of Step S69 and Step S70, the Graphics Object (p) is
written to the position on the Graphics Plane 8, which is
indicated by button horizontal_position ‘and
button vertical position of button_infé (p) (Step S72). By
repeating the above-described operations for each piece of
button information, the first Graphics Object, which is among
the plural graphic objects each showing the state of. a
corresponding button, is to be written to the Graphics Plane
8. The period required to faerform the operation, which is

directed to the Graphics Object that is necesséry for at least
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the initial display of the Object Buffer 15, is shown by the
period tdl of FIG.56 and FIG.57.

When.default_selected_button_numberis “=0”, and that
the default selected button changes dynamically, Step Se7
will be.No, and whether the button_info(p) corresponds to
the current button is judged. If the judgment of Steb s67
results in thé affirmative, the control goés to Step S70;
and if the judgment results in negative, the control is moved
to Step S69.

Next,thesubroutineprocessingatStep854isexplained,
with reference to FIG.74.

FIG.74 is a flowchart illustrating the automatic
activationprocessingforthedefaultselectedbutton. First,
whether default_activéted_button_number is 0 or FF is judged
(Step S75) . . If the judgment of Step S75 results in “00”, no
processing is performed and the control returns to the main
routine; and if the judgment of Stép S75 results in “FF”,
the current button i is changed into aétive state (Step S77),
the variable animation (i) is set as 0, and the control returns
to the main routine (Step S78).

If thé judgment of Step S75 results in neither “00” nor
“FF”, the button specified as
default_activated__button_number is set as the current button
(Step S76), the current bdttoh i is changed into active state

(Step S77), the variable animation (i) corresponding to the
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current button i is set as 0, and the control returns to the

main routine (Step S78).
The above-stated processing enables the button in

selected state, to be changed into active state after a

‘predetermined time.

Next, the animation by means of the menu (Step S36) is
explained. FIG. 75A is a flowchart showing the animation
display processing.:

Here, the initial display is realized by writing a
Graphics Object to the Graphics Plane 8, the Graphics Object
haviﬁg iaeen specified by 1) start_object_id_normal of
normal_ state_info and 2) stért_object_id_selected of
selected_state_info, for. each button__info. Here,
“animation” is a processing to update the Graphics Plane with
an arbitrary framelof each button (i.e. Graphics Object of
gth frame), every time a cycle of the loop processing of Step

S35-Step S37 is completed. This update is performed by

returning the main routine, by writing the Graphics Objects

indicated by normal state_info and selected_state_info of
button_info, one by one to the Graphics Plane 8. | Here, the
variable q. is 'USed in identifying each Graphics Object
indicated by normal_state info and selectéd_state_info of
button_info, for each piece of button information.

The processing for reaiizing this animation display is

detailed with reference to FIG.75. This flowchart assumes
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a case where repeat_normal_flag and repeat selected_flag,
ofCIS,aresettoindicate“repetitionnecessary”,tosimplify
explanation.

Step S80 is to judge whether the initial display has
finished. IfthejudgmentofStepS80resultsinthenegative,
the control returns without performing any processing; if
the judgment of Step S80 results in the affirmative, Step
S81-Step S93 are performed. " Step 881~Step S93 constitute a
loop pfocessing of repeating the operations of Step S83-Step
5893, for each button_info 'in ICS (Step $81, Step S82).

Step 583 is to set . the variable animation(p)
corresponding button_info(p), to the variable (. By
performingthisstep,thevariable<1willindicatethecurrent
number of frames, which ¢orresponds to the button_info (p) .

Step S84 is to judge whether button_info (p) corresponds
to the button currently in selected state (hereinafter
“current button”).

If the button_ info(p) is judged other than the current
putton, judgment of Step S86 is performed.

Stép S86 is to judge whether the current button is in
active state, and if judging affirmatively, an identifier
resulting from adding the variable q to
start_object_id_actioned ' in
button _info(p). actioned_state_info is set tobe ID(qg). Then,

one button command among those included in button_info(p)
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is executed (Step S88).

If the current button is judged not be in active state,
an identifier resulting from adding the variable g to
start_object_id selected in
button -info (p) .selected_state_info is set tobe ID(q) . (Step
S89). |

.Once ID(q) is determined as a result of the above
operations, the Graphics Object (p), having the ID(g) and
existing in the Object Buffer 15, is written to the position
on the Graphics " Plane 8 indicated by
button_horizontal_positionauuibutton_vertical_position<3f
button_info(p) (Step S90). |

Bytheabove—explainedloopprocessing,amongtheplural
Graphics Objects that constitute the selected state (or the
active state) of the current button, and the normal state
of the other buttons, the Graphics Object corresponding to
gth page is written to the Graphics Plane 8.

Step S91 is to judge whether start_object_id_normal+q
has reached end object_id_normal. If the judgment of Step
591 results in the negative, the value resulting from
incrementing the variable g by 1 is set as the variable
“animation (p)” (StepS92). IfthejudgmentofStepS9lresults
in the affirmative, the variable “animation (p)” is

initialized to have the value 0 (Step $93). The above-stated

operations are repeated to all the button_info in ICS (Step
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381, Step S82). When all the button_info have undergone the
above operations, the control will return to the main routine.

During the above~explained Step S80~Step S93, each time
the main routine (Step $35-Step S37) is performed one time,
the image of each button of the interactive screen will be
updated to a new Graphics Object. This means that, when the
above—-méntioned main routine (Step $35-Step S837) is performed
several times, a so-called anAimation is realized. i’n the
animation, the Graphics controller 17 adjust time so that
the display interval for orie frame of ‘Graphics Object will
be the value indicated by animation_frame_rate_code.

It should be noted here that, at Step 588, the button
commands included in button_info(p) are executed one by one.
However, it is also possi'ble ro execute the button commands
collectively, after the series of Graphics Objects
corresponding to the active state has been displayed. Next,
the process of UO operation, which is to be performed at Step
S37 of the main routine, is explained with reference to FIG. 76.

FIG.76 is a flowchart showing the process of UO operation.
In this flowchart, it is judged whether any of the conditions
of Step S100-Step S103 holds. If anyof the conditions holds,
a corresponding processing is performed, and then‘ goes back
tothemain routine. StepS100istojudgewhether UomaskTable
is set as “1”, and if the judgment is in the affirmative,

the controlwill returntothemain routine, without performing
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any processing.

Step S101 -is to judge whether MoveUP/Down/Left/Right
key has been pushed. If the judgment is in the affirmative,
the current button is changed (Step $104), and it is then
judged whether auto_action_flag of the current button is 01
(Step $108). If the judgment of Step S108 is in the negative,
the control returns to the main routine. If the judgment of
Step S108 is in the affirmative, the control iS'moﬁed.to Step
S105.

Step S102 is to judge whether the activated key has been
pushed. If the judgment is in the affirmative, the current
button i is changed to an active state (step S105). Then,
the variable “animation(i)” is set to be 0 (Step S106) .

Step S103 is to judge whether it is a case of numerical
value inputting. If the judgment is in the affirmative, a
corrésponding numerical inputting operation is performed
(Step S107), and the control returns to the main routine.
Among.the processes in FIG.76, each of Step 5104 and Step
3107 is a subroutine. The processes of these subroutines are
shown in FIG.77 and FIG.78. The following is an explanation
on these flowcharts.

FIG.77 is a flowchart showing the process of current
buttonchangingoperation. First, amongupper button_ number,
lower button_number, Left_button_number, -and

right button_number, which belong to neighbor info of the
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current button, the one corresponding to the pushed key is
identified (Step S110).

Then the current button is set as “button i”, and the
button to be the new current button is set as “putton j” (Step
S111). Step S112 is to judge whether the button j set in Step
S111 corresponds to the buttoni. If they correspond to each
other, the control will return to the main routine without
performing any processing. If they do not correspond to each
other, the button j is set és the current button (Step S113),
the variable “animation(i)” and the variable “animation(3j)
are set to be 0, and the control returns to the main routine
(Step S114).

FIG.78 is a flowchart showing the process of numerical
value inputting operation. Judgment is performed as to
whether there isButton info.j that hasbutton number niatching
the inputted numerical value (Step S121). Then judgment is
performed as to whether numerically selectable_flag, of
Button info.j, is 1 (Step S122). If Step S121 and Step 8122
are “Yes”, the curren tbutton is changed to a normal state,
and the button j is set as the current button (Step S123),
and the variable “animation(i)” and the variable
“animation(j) are set to be 0 (Step S124). After these
operations, judgment is performed as to whether
auto_éction__flag, of Button info.j, is 1l (Step S125). 1If the

Sudgment is in the negative, the control returns to the main

120



10

15

20

25

WO 2005/004478 PCT/JP2004/009873

routine.

Ifthejudgmentisintheaffirmative,thecurrentbutton
is changed to an active state at Step S126, and the control
retﬁrns to the main routine.

1f any one of Steps S121-S122 is No, the control will
return to the main routine.

The Graphics controller 17 performs the above processes,
for performing syﬁc display. Here, please note that if
performing an interactive s'creen display triggered by a user
operation using Popup display or the l;ike, the Stream Graphics
processor 14 and the Graphics controller 17 perform the
following operations, which are the same operations performed
for performing sync display. By performing the following
operations, the Graphics Object is obtained in the Graphics
Plane 8. After the Graphics Object is obtained as mentioned
above, it iswaiteduntil the current reproducing point passes
the time indicated by the PTS assigned to ICS. Then, after
the mentioned time, if the UO controller 18 receives UO
indicating a menu call, it will be outputted to the CLUT unit
9, and instructs the CULT unit 9 to perform the Graphics Object
stored in the Graphics Plane 8. If such outputting is
performed in syncronization with the UO, a Popup display in
accordance with the push of the menu call will be realized.

The above explanation éets forth the setting of PTS in

TCcS; and DTS in ODS and PTS, which belong to DSn. However,
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it does not mention DTS in ICS; DTS and PTS in PDS; DTS and
PTS in END. In view of this, the following explains the time
stamps relating to these. Since WDS does not exist in the
second embodiment, ICS should be loaded to the Composition
buffer 16, prior to 1) the decoding start time.of the first
PDS (PDS1) of DSn (i.e. DTS (DSn[ODS11)), and 2) the time at
which the fist PDS(PDS1) in DSn becomes available (i.e.
PTS(DSn([PDS1]1)). In other words, it should be set the value
that satisfies the following expression:
DTS (DSn{ICS])<DTS(DSn[ODS1l])

DTS (DSn[ICS]1)<PTS(DSn[PDS1})

Next, the setting of DTS and PTS, for each PDS belonging
to DSn, is explained.

The time at which each PDS belonging to DSn becomes valid
in the CLUT unit 9, is from 1) the time at which ICS is loaded

to the Composition buffer 16 to 2) the decoding start time

‘for the first ODS (DTS(DSn[ODS1]). In view of this, the PTS

value of each PDS belonging to the DSn (i.e. PDsl-PDSlast)
should be set to the value that satisfies the following
relations:
DTS(DSn[ICS])SPTS(DSntPDSIj)
PTS(DSn[PDSj])SPTS(DSn[PSj+1])SPTS(DSn[PDSlast])

PTS (DSn[PDSlast])<DTS(DSn[ODS1])
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Next, the setting of PTS of “END of Display SetSegment”
belonging to DSn is explained. The END that belong to DSn
shows the ending of the DSn. Therefore it should be the
decoding end time of the last ODS (ODSlast) of the DSn. This
decoding end time is indicated by PTS (PTS (DSn[ODSlast]) ),
and so PTS of End should be set as the value indicated by'
the following expression:

PTS (DSn [END] ) =PTS (DSn[ODSlast])

In view of the relation with ICS belonging to bSn and
DSn+1, ICS in DSn is loaded to the Composition buffer 16 prior
to the loading time of the first ODS(i.e. ODS1l). Therefore
PTS in END should be after 1) the loading time of ICS belonging
to DSn (i.e. DTS(DSn[ICS])), and before 2) the loading time
of ICS belonging to DSn+l (i.e. DTS(DSn+1tICS])).
Accordingly, the PTS in END should satisfy the following
relation:

DTS(DSn[ICS])SPTS(DSn[END])SDTS(DSn+1[ICS])

On the other hand, the loading time of the first ODS(i.e.
ODS1) PTS in END (i.e. PTS(DSn[END])) shouldbe after the
loading time of PDS belonging to DSn. Accordingly, PTS in
END should satisfy the following relation:

PTS (Dsn{PDSlast])<PTS(DSn{END])
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Since the ICS, PDS,0DS to which DTS and PTS are set, are
incorporated inAVClip in advance, it is convenient todescribe
an interactive control for making the reproduction apparatus
execute a certain operation at the time when a frame of a
certainmoving picture appears in the screen. In other words,
the above arrangement is convenient to describe an interactive
control that is synchronized closely with the moving picture
contents. Inaddition, the ICS, PDS, and ODS are multiplexed
ontotheAVClip itself. Thérefore'in a case where the sections
to which a user would like to perform reproduction control
are numerous, such as some hundreds, it is not necessary to
store all the IDS, PDS, and ODS, which correspond to all of
the sections, in the memory. Because the ICS, PDS, and ODS
are to be read from a BD-ROM, the following arrangement is
sufficient. That is, ICS, PDS, and ODS, which correspond to
the moving picture section to be played back at the moment,
stay resident in the memory. After playback for this moving
picture section is finished, the corresponding ICS, PDS, and
ODS are deleted from the memory, and instead, ICS, PDS, ODS
corresponding to the succeeding moving picture section are
sﬁored in the memory. Since ICS PDS, and ODS are to be
multiplexed onto AVClip, even if the number of ICS, PDS, and
ODS becomes some hundreds, the occupancy of the memory can
be restrained to a minimum i;equired level.

As explained above, the present embodiment has 360 pages.
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of ODS so as to realize animation. Therefore when the button
material is grouped under three states, theODSwill be grouped
by 120 pages (i.e. into three button-state groups). The
buttop—stategroupsarearrangedsothatagroupcorresponding
to earlier appearing state is placed more to the beginning,
compared to a group corresponding to later appearing state.
Because of this, at reproduction, a button~state group
corresponding to earlier appearing state is loaded to the
reproduction apparatus accordingly earlier, compared to a
button-state group corresponding to later appearing state.
According to this, even if decoding of all the 360 pages of
ODS has not been complete, at least the initial display is
ready for being performed if only about 1/3 - 2/3 of the total
ODS is complete. Since the initial display operation can be
commenced at the completion of about 1/3 - 2/3 of the total
ODS, even if there are numerous ODS to be read and decoded,
the initial display will not be delayed. Therefore, an
interactive screen is executed swiftly, even if the screen

contains animation to entertain users.

(Third Embodiment)

Thepresentembodimentrelatestoanmnufacturingmethod.
of a BD-ROM. FIG.79 illustrates é method of manufacturing
the PCS explained in the first embodiment.

ThemanufacturingmethodofaBD—ROMincludes:amaterial
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producing step S201 6f photographing an image picture, and
of recording corresponding audio, for example; an authoring
step S202 of generating an application format; and a press
step S203 of completing the BD-ROM by performing
pressing/laminatioﬁ.

Amongthesesteps,theauthoringstepdirectedtoBD—ROM
includes the following step S204-Step S210.

At Step S204, control information, window define
information, palette define information, and graphics are
described. }U:StepSZOS,theéontrolinformation,thewindow

define information, the palette define information, and the

' graphics are respectively converted into a functional segment.

At Step S206, PTS in PCS is set, according to when the picture
to be displayed in sync appears. At Step $207, DTS[ODS] and
PTS[ODS] are set, according to the value of PTS [PCS]. At Step
s208, DTS[PCS], PTS[PDS], DTS[WDS], | and PTS[WDS] are set,
according to the value of DTS[ODS], and at Step S209, the
chronological change, in occupancy, of each buffer of the
planer model is expressed as a graph. At Step S210, it is
judged whether the chronological change expressed in graph
satisfies the restriction imposed at the player model. If
thejudgmentOfStepSZlQresultsintheaffirmative,agraphics
stream is created at Step S212, and an AVClip is obtained
by multiplexing the graphics stream with a video stream and

an audio stream, which have been created separately from the
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graphics stream. Then the AVClip is made to be in conformity
with thel format of the BD-ROM, thereby completing an
application format.
The above explanation is for the manufacturing method
5 of the recording medium according to the first embodiment.
A manufacturing method of the recording medium according to
the second embodiment is shown in FIG;80. In FIG.80, Step
S304-Step S308 replace Step S204-Step 5208 of FIG.79.
As follows, Step S304-Step S308 are explained. At Step
10 S304, control inforﬁation,'palette define information, and
graphics aredescribed. AtStepSSCS,thecont:olinformation,
the palette define information, and the graphics are
respectively converted into a functional segment. At Step
S306, PTS in ICS is set, according to when the picture to
15 be displayed in sync appears. Then at Step $307, DTS[ODS]
and PTS[ODS] are set, according to the vélue of PTS[ICS].
At Step S308, DTS[ICS] and PTS[PDS] are set, according to

the value of DTS[ODS].

20 (Note)
Needless to say, the above explanation does nqt show
all the embodiments and use form of the present invention.
The present invention is also realized by an embodiment to
which.anf'of the following modifications (A), (B), (C), (D),

25 . etc. isadded. Please note that the inventions in the claims
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of the present invention are pbroadened or generalized
descriptions of either the above-described embodiments, Or
themodifiedembodimentsbasedcnlthefollowingmodifications.
The extent of the broadening and generalization reflects the
state of the art at the time of filing.

(A) In all the embodiments, the recording medium
according to the preéent invention is assumed to be a BD-ROM.
However, the characteristics of the recording medium of the
present invention lies on the graphics stream stored in the
recording medium, and this characteristics does not rely on
the physicalnature of a BD-ROM. Inother words, any recording
medium that is operable to record a graphics stream may be
used in realizing the present invention. The examples
include: an optical disk such as DVD-ROM, DVD-RAM, DVD-RW,
DVD;R, DVD+RW, DVD+R, CD-R, CD-RW; and an optical magnetic
disk such as PD and MD. The examples further include a
semiconductor memory card such as a compact flash card, a
smart media, memory stick, multimedia card, and a PCM-CIA
card. Still further, the examples include: a magnetic
recording disk such as a flexible disk, SuperDisk, Clik!;
andaxemovableharddiskdrivesuchasORB,Jaz,SparQ,SyJet,
EZFley, and micro drive. The examples also include a hard
disk incorporated in an apparatus.

(B) In the all the embodiments, the reproduction

apparatus decodes the AVClip stored in the BD-ROM, before
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outputting it to a television. However, a structure is also
possible in which the reproduction apparatus is amere BD—-ROM
drive,andtheothercomponentsareincludedinthetelevision.
In this case, the reproduction apparatus and the television
may be connected to each other via an IEEE1394, to constitute
ahome network. Thereproductionapparatusoftheembodiments
is for use with the television connected.thereto. However,
the reproduction apparatus may be integral with a display.
Furthermore, in the reproduction apparatus of each of the
embodiments, only the system LSI (integrated circuit), which
is the essence of the processing, may be considered the
invention. The reproduction apparatus and the iﬁtegrated
circuit are both the inventions described in the present
specification, and so the act of manufacturing a reproduction
apparatus having any of the stated form and manner, based
on the internal structure of the reproduction apparatus of
the first embodiment is also an embodiment of the present
invention. BAny act of transfer whether incurring charge or
not (sales if incurring charge, and gifts if not incurring
charge), rent, and import constitute an embodiment of the
present invention. In addition, any act of performing these
transfer and rent, througﬁ the exhibition at the shops,
catalogue solicitation, and pamphlet distribution, also
constitutes an embodirﬁent of the présent invention.

(C) The information processing shown in each
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flowchart is concretely realized using hardware resources.
Therefore any programs whose processes are shown in the
flowcharts may respectively constitute an independent
invention. All the embodiments relating to the programs
assume that a program is in thg form incorporated in the
corresponding reproduction apparatus. However, The program
itself, shown in tﬁe first embodiment, may be an independent
embodiment from the corresponding reproduction apparatus.
The embodiment of a progiam itself includes: (1) act of
manufacturing the program; (2) act of transfer the program
whether incurring charge or not; (3) act of renting; (4) act
of importing; (5) act of providing to the public through an
interactive electronic communication circuit; and (6)
offering the transfer to general users, through exhibition
at shops, catalogue solicitation, pamphlet distribution, and
so on.

(D) If the time concept eAxisting in each step, which
is executed chronologically in every flowchart, is considered
an indispensable factor for spe.ci'fying the present invention,
then each process in the flowchart is interpreted to disclose
a use pattern of the reproduction method. . If the processes
of the above-explained flowcharts are executed Dby
chronologically executing each step therein, so as to be
effective for and instrumen£a1 in achieving the object of

the present invention, that will correspond to the embodiment
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of the recording method of the present invention.

(E) When being recorded to the BD-RONM, it isdesirable
that each TS packet constituting an AVClip is assigned an
extra header. The extra header is called “TP extra_header”,
includes “Arrival Time_ Stamp” and
“copy_permission__indicator”, and has 4-byte length.
TP_extra_header—assigned TS packets (EX-assigned TS packet)
are divided into groups each including 32 TS packets, and
are written into three sectors. The total size of the groups
each composed of 32 EX assigned TS packets is 6144 bytes
(=32%192), whichis equal tothe total size of the three sectors
(6144 bytes (=2048*3). 32 EX-assigned TS packets stored in
one sector is referred to as “Aligned Unit”.

When used in the home network connected through the
IEEE1394, the reproduction apparatus performs Aligned Unit
transmission by the following transmission processing. That
is, the sender apparatus removes TS_extra_header from each
of the 32 EX-assigned TS packets in an Aligned Unit, encodes
the TS packets’ smainbodies, and outputs them. In outputting-
the TS packets, isochronous packetsare inserted inmanyplaces
between the TS packets. The exact insertion places are based
on the time shown by Arrival Time_Stamp of TS_extra_header.
In response to outputting of the TS packets, the reproduction
apparatus outputs DTCP_Déscriptor. DTCP_ Descriptor

signifiesthe copypermit/prohibit settingof TP_extra_ header.
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Therefore, if DICP_Descriptor is described to signify
“prohibit copy”, the TS packets will not be recorded onanother
apparatus, at the time when they are used in the home network
connected through the IEEE1394.

(F) The digital stream in each of the embodiments is
an AVClip in the BD-ROM standard. However, it may
alternativelybe a VOB (Video Object) in the DVD-Video standard
or in the DVD-Video Recording standard. A VOB is a program
stream conforming to the .ISO_IEC13818—1 standard, and is
obtained by multiplexing a video stream and an audio stream.
The video stream in an AVClip may alternatively be in MPEG4 |
method or in WMV method. Furthermore, an audio stream may

alternatively be in Dolby=AC3 method, MP3 method, MPEG-AAC

. method, or dts method.

(G) The movie works in the embodiments may be obtained
by encoding analogue image signals, or stream data made up
of transport streams broadcasted through adigital broadcast.
Furthermore, a content may be obtained by encoding
analogue/digital movie signals recorded on videotape, ormay
be a digital work distributed from a di.stributioﬁ server.

(H) The Graphics Object, shown in the first and second
embodiments is raster data that has been encoded in run-length
encoding method. The reason why the run-length encoding
method is used as compressiﬁg/encoding method of Graphics '

Objects is that the run-length encoding method is the most
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suitable for compressing/decompressing subtitles.

Subtitles are characﬁeristic in that the continual length
of one pixel value in horizontal direction is comparatively
long. Therefore, if wusing the run-length encoding
compression,ahighcompressionrateisobtained. Inaddition,
the load incident to decompression is not much, and so is
suitable for creatiﬁg software for decoding processing. In
thepresentinvention,compression/decompressionﬁethodused
for the subtitles is used for the Graphics Object, so that
one apparatus structure for performing decoding is shared
between the subtitles and the Graphics Objects. However,

adopting of run-length encoding method for Graphics Objects
is not an indispensable feature of the present invention,

and Graphics Objects may alternatively be PNG data. In
addition, raster data may be vector data, or transparent
images.

(I) Display effects of PCS may be given to graphics
of subtitles selected according to the language setting at
the apparatus side. By this, the displéy effect used to be
realized by characters represented by the moving picture main
body in current DVDs is able to be realized using the subtitle
graphics displayed according to the language setting at the
appératus side. This is practically very valuable.

(J) Display effects of PCS may be given to graphics

of subtitles selected by the apparatus side according to the
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display setting. Specifically,graphicsforvariousdisplay
modes such as wide vision, pan scan, and letter box have been
recorded on a BD-ROM, and the apparatus selects one of them
according to the setting of the television to which the
apparatus is connected to, and displays the selected type
of graphics. 1In this case, a display effect will be given
tothesubtitlegraphicsdisplayedintheaboveway. Therefore
the subtitle graphics will look better. By this, the display
effect used to be realized by the characters represented by
the moving picture main body in the current DVDs is able to
be realized using the subtitle graphics displays according
to the display setting at the apparatus side. This is
practically very valuable.

(K) In the first embodiment, the write rate Rc to the
Graphics Plane is defined so that the window size is 25% of
the entire size, so that Graphics Pléne clearing and
re~rendering are possible within one video fréme. However
alternatively, if assuming that the vertical retrace time
is 25% of 1/29.93, then the Rc will be 1Gbps. By setting RC
as such, the graphics display will be facilitated. This is
practically very valuable.

In addition to writing at the vertical retrace time,
writingsynchronizedwiththewritescanmaybesimultaneoﬁsly
performed. By this, even if the write rate is Rec=256Mbps,

display will be facilitated.
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(L) In each of the embodiments, the reproduction
apparatus is equipped with aGraphics Plane. However, instead
of this Graphics Plane, a line buffer that can store
decompressed pixels for one line may be mounted to. the
reproduction apparatus. Since the conversion into an image
signal can be performed for each horizontal row (i.e. line),
if such a line buffer is provided, the reproduction apparatus
is able to perform the conversion into an image signal.

(M) Subtitles being graphics are explained above, as
character sequences for ;epresenting words uttered in the
movieworks. However, thesubtitlesmay containacombination
of figure, character, and color, as constituting a trademark.
Further, the subtitlesmaycontain ail sorts of nationalmarks,
official marks adopted by nations for supervision and
authorizatiqn, marks of international organizations, marks
representing places of origin of specific commodities, and
the like.

(N) The first embodiment assumes that subtitles are
displayed at the upper/lower parts of the screen, and so the
windows are defined at the upper/lower parts of the Graphics
Plane, accordingly. However, it is also possible to define
the windows at the right/left parts of the Graphics Plane.
This is wuseful in displaying Japanese subtitles in
longitudinal direction. |

(0) AVClip in each of the embodiments constitutes-a
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movie work. However, AVClip may be for realizing “karaoke”
(accompaniment of prerecorded tape). In this case, in the
course of a song, PCSmay realize a display effect that changes
the color of subtitles, for example.

(P) In a case where plural repro<‘iuction paths joint
to one another, and that the default selected button changes
depending on which lreproduction path is to be taken, the
following arrangement is preferable. That is, reproduction
‘control in the dynamic scénario is described so that at the
time when each reproduction path is passed, the eigenvalue
for the reproduction path is set at the register of the
reproduction apparatus, and that the reproduction processes
are described so that buttons will be set in a selected state
according to the values set in the regist'er. By this
arrangement, thebuttontobeina selected state can be changed

according to which reproduction path is to be passed.

Industrial Applicability

A recording medium and a reproduction apparatus, of the
present invention, realize a subﬁitle display having display
effect and an interactive display containing animation, and
so help provide the market with movie works of high added
values, which helps invigofate the movie market and the

consumer goodsmarket. Accordingly, the recordingmediumand
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the reproduction apparatus, of the present invention, are
very useful in the movie industry and the consumer goods

industry.
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Claims

1. A recording medium storing therein a digital stream
that is obtained by multiplexing a graphics stream and a video
stream, - the graphics stream-being a packet sequence that
includes a data packet storing graphics data and a control
packet‘storing control information, wherein

the data packet has a time stamp whose value indicates
a decoding time of the graphics data, and

the control packet has a time stampwhose value indicates
a time at which the graphics data, after being decoded, is

displayed combined with the video stream.

2. The recording medium of Claim 1, wherein

the control information includes type information that
indicates a memory management start,

the time stamp of the control packet is a presentation
time stamp, and

the control packet further includes a decode time stamp
whose value indicates a point of a reproduction timeline of
thedigital stream, which corresponds to the memory management
start, and a time at which the control information is read

to a memory.

3. The recording medium of Claim 2, wherein
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the value of the presentation time stamp is obtained
by adding a predetermined value to the value of the decode

time stamp, where the predetermined value isbasedon: a longexr

_one of a period required for clearing of a screen, anda period

required for decoding of the graphics data; and a period

required for writing of the graphics data to the screen.

4. The recording medium of Claim 1, wherein

the control inforrﬁation is one of: information
indicating a difference with preceding control information;
a duplicate of the preceding control information; and
information indicating that memory management continues from
another digital stream,

the time stamp of the control packet is a presentation
tirﬁe stamp, and

the control packet further includes a decode time stamp -
whose value indicates a time at which the control information

is read to a memory of a reproduction apparatus.

5. The recording medium of Claim 4, wherein

the value of the presentation time stamp is obtained
by.adding a predetermined value.to the value of the decode
time stamp, where the predetermined value isbasedon: a longer
one of a period required for clearing of a screen and a period

required for decoding of the graphics data; and a period
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required for writing of the graphics data to the screen.

6. The recording medium of Claim 5, wherein
the screen clearing is clearing of a window érea of
5 the graphics plane, the graphics plane being at which the
graphics data is to be disposed,
the graphics stream includes a window define packet
storing window information, and
the window information indicates the window area of

10 the graphics plane.

7. The recording medium of Claim 6, wherein
‘a value of a decode time stamp of tﬁe window define
packet indicates a time in a range between a time shown by
15 the decode time stamp of the control packet and a time shown
by the time stamp of the data packet, inclusive, and .
avalue of a presentation time stamp of the window define
packet indicates a time recommended to start transferring

the graphics data for display.

20
8. The recording medium of Claim 7, wherein
the graphics stream includes a palette define packet
storing palette information that defines color setting used
in display of the graphics data, and
25 avalueofapresentationtime stampof thepalettedefine
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packet indicates a time when the palette information becomes

available for use.

9. The recording medium of.Claim 1, wherein
5 the graphics stream has two sets of graphics data, and
avalue of the time stamp of the control packet is obtained
by adding a predeterﬁined value to a value of the time stamp
of the data packet, where the predetermined value is a total
of a period x and a period y,

10 the period x being a longer.one of: a total of
a period required for clearing a screen and a period
required forwriting the former of the two sets of graphics
data after decoded, to the screen; and a total period
required for decoding the two sets of graphics data, and

15 the period y being a period required for writing,
to a screen, the'iatter of the two sets of graphics data

after decoded.

10. The recording medium of Claim 1, wherein
20 the graphics stream includes a plurality of data packets
storing.graﬁhics data, including the data packet,
the data packets make up a data-packet sequence,
the data-packet sequence constitutes graphical button
materials,

25 the time indicatedby the time stamp of the control packet
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is an initial display time of an interactive screen, and
_a time at which the initial display is performed is
obtained by adding a predetermined period toa decoding ending
time of graphics datapositioned at amiddle of the data-packet
5 sequence,
where the predetermined period is based on a total Qf
a first period required for clearing a graphics plané of a
reproduction apparatus and a second period required toperform
writing for the initial display, to the graphics plane.
10
11. The recording medium of Claim 10, wherein
if button materials, which are to be in a selected state
asadefault intheinitialdisplay, arestatically determinéd,
the control information includes default selected
15 information specifying the button materials, and the second
period is a period required for writing, to the graphics plane,
a total of: firstly displayed part of decompressed graphics
data representing a selected sta.te of one button; and firstly
displayed part of decompressed graphics data representing

20 normal states of buttons different from the button.

12. The recording medium of Claim 10, wherein
if button materials, which are tobe in a selected state
as a.default in the initial display, dynamically change,

25 the second period is a period required for writing data
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of size T, to the graphics plane,
where the size T is obtained by adding together sizes
x of all buttons, a size x being obtained by an expression
qf:
size x = max(N-first,S-first),
N-first representing firstly displayed part of
entire graphics data representing a normal state,
S-first representing firstly displayed part of
entire graphics data répresenting a selected state,_and
max(a,b) being a formula for indicating one of

“a” and “b” that has a larger size therebetween.

13. The recording medium of Claim 10, wherein

the control information includes type information, and
when corresponding type infoﬁmation indicates

a memory management start, the predetermined period is

a total of the first'period and the second period, and
when the type information indicates either a

difference with preceding control information, or a

duplicate of the preceding control information, the

predetermined period'is the second period.

14. The recording medium of Claim 10, wherein
the graphics stream includes a palette define packet

storing palette information that defines color setting used
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indisplayof the graphicsdata inthe pluralityof datapackets,
and

avalueofapresentationtimestampofthepalettedefine
packet indicates a time when the palette information becomes

available for use.

15.A reproducﬁion appa.ratus for a digital.stream that
is obtained by multiplexing a video stream and a graphics
stream, the graphics stre;alm being a packet sequenée that
includes a data packet storing graphics data and a éontrol
packet storing control information, the reproduction
apparatus comprising:

a video decoder operable to obtain a moving picture by
decoding the video stream; and

a graphics decoder including:

a processor that starts decoding'of graphics data when
a current reproduction point of the video stream reaches
a point shown by a decode time stamp of the data packet,
and ends the decoding when the current reproduction point
reaches a poiﬁt shown by a presentation time stamp of the
data packet; and

a controller that, according to a presentation time
stamp of the control packét, 'combines, with a video stream,
the graphics data after £he decoding, and displays the

graphics data combined with the video stream.
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16. The reproduction apparatus of Claim 15, wherein
the graphics decoder includes:
a coded data buffer for storing compressed graphics
data, and
an object buffer for storing decompressed graphics
data resulting from the decoding of the processor, and
the reproduction apparatus includes a graphics plane
for storing part of the deéompressed.graphics data obtained
by the decoding of the processor, the part of the decompressed
graphics data being used for display,
thécontrollerjudgeswhetherfypeinformationincluded
in the control information indicates a memorymanagement start,
and if judging affirmatively, clears the coded data buffer,
the object buffer, and the graphics plane when the current
reproduction point of the video stream reaches a point shown

by a decode time stamp of the control packet.

17. The reproduction apparatus of Claim 16, wherein

the controller, when the current'reproduction point
reaches a point shown by the decode time stamp of the control
packet, starés clearing the graphics plane, and

the processor, when the currenf reproduction point
reaches a point shown by thé decode time stamp of the data

packet,decodesthegraphicsdatainparallelWiththeclearing
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of the controller, and

the controller, when the current reproduction point
reaches a point shown by the presentation time stamp of the
control packet, writes the decompressed graphics data, to-

the graphics plane.

18. The reproduction apparatus of Claim 17, wherein
the value of the presentation time stamp of the control
packet is obtained by adding a predetermined value to a value

of the decode time stamp of the control packet, where the

predetermined value is based on: a longer one of a period

‘required for clearing of a screen, and a period required for
decodingof the graphicsdata; andaperiodrequiredforwriting
of the graphics data to the screen, gnd

the controller, when the current reproduction point
reaches a point shown by the presentation time stamp of the

control packet, displays content of the graphics plane.

19. The reproduction apparatus of Claim 16,

wherein the graphics stream includes a window défine
packet storing window information,

the controller clears the graphics plane when the type
information indicates a memory management start, and clears
a window area of the graphics plane, which is indicated by

the window information, when the type information indicates
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other than a memory management start.

20. The reproduction apparatus of Claim 19, wherein

control information, whose type information does not
indicate a memory management start, is one of: information
indicating a difference with preceding control information;
a duplicate of the preceding control information; and
information indicating that memory management continues from
another digital stream, and

when the current reproductionpoint reaches apoint shown
by‘ a decode time stamp of a control packet including said
control information whose type information does not indicate
amemory management start, the controller reads correspbnding

control information to amemoryof the reproductionapparatus.

21. The reproduction apparatuS"of Claim 19, wherein

a decode time stamp of the windowdefine packet indicates
a time in a range between a time shown by a decode time stamp
of the control packet and a time shown by a decode time stamp
of the data packet, inclusive, and

decompresSed graphics is written to a graphics plane,
by referring to a value of a presentation time stamp of the .

window define packet.

22. The reproduction.apparatus of Claim 21, wherein
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the graphics stream includes a palette define packet
storing palette information that defines color setting used
in display of the graphics data,

thereproductionapparatusincludesaicolorconversion
unit operable to perform color conversion on graphics stored
in the graphics plane, and

the contfoller, when the current reproduction point
reaches a point shown by a presentation time stamp of the
palette define packet, seﬁs the palette information in the

color conversion unit.

23. The reproduction apparatus of Claim 19, wherein

the graphics stream has two sets of graphics data,
avaiueofapresentationtimestampofthecontrolpacket
is obtained by adding a predetermined value to a value of
a presentation time stamp of the data packet, where the
predetermined value is a total of a period x and a period

Y

the period x being a longer one of: a total of
a period required for clearing a screen and a perioq
required for writing the former of the two sets of graphics
data after decoded, to the screen; and a total periocd
required for decoding the two sets of graphics data, and

the period y being a period required for writing,

to a screen, the latter of the two sets of grabhics data
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after decoded, and
the controller, when the current reproduction point
reaches a point shown by a presentation time stamp of the

control packet, displays content of the graphics plane.

5
24. The reproduction apparatus of Claim 15, wherein
the graphics stream includes a plurality of datapackets
storing graphics data, including thé data packet,
the data packets make up a data-packet sequence,
10 the data-packet sequence constitutes graphical button

materials,
the graphics decoder combines, with a moving picture,
an interactive screen that includes the gfaphical button
materials, and displays the interactive screen combined with
15 the moving piéture,'and
the reproduction apparatus performs, when the
reproduction point of the video stream reaches a point shown
by a time stamp of the control packet, an initial display
of the interactive screen by using graphics data positioned
20 up to a middle of the data-packet sequence, and
the reproduction apparatus performs, when a user
operation is received, updating of the interactive screen
by using graphics data positioned after the middle of the
data—packetvsequence. |

25
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25. The reproduction apparatus of Claim 24, wherein
a time at which the initial display of the interactive
screen is performed is obtained by adding a predetermined
period to a decoding ending time of graphics data positioned
5 at the middle of the first-packet sequence,
where the predetermined period is based on a total of
a first period required for clearing a graphics plane of the
reproduction apparatus and a second period required toperform
writing for the initial display, to the graphics plane.
10
26. The reproduction a«pparétus of Claim 25, wherein
if type information included in the control information
indicates a memory management start, the controller sets,
as the predetermined period, a total of the first period and
15 the second period,
andif thetypeinformationindicateseitheradifference
with preceding control infomatioﬁ, or a duplicate of the
preceding control information, the controller sets the second
period as the predetermined period.
20
27. The réproduction apparatus of Claim 24, wherein
if but;con materials, which are to be in a selected state .
asadefault intheinitialdisplay, arestaticallydetermined,
the control information includes default selected

25 information specifying the button materials, and calculates
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the second period, based on a total of firstly displayed part
of decompressed graphics data representing a selected state
of one button and firstly displayed part of decompressed
graphicsdatarepresentingnormalstatesofbuttonsdifferent

5 from the button.

28. The reproduction apparétus of Claim 24, wherein
if button materials, which are to be in a selected state
as a default in the initial display, dynamically change,
10 the second period is a' period required for writing data
of size T, to the graphics plane, ’
where the size T is obtained by adding together sizes
x of all buttons, a size x being obtained by an expression
of:
15 ’ size x = max (N-first,S-first),
N—fifst representing firstly displayed part of
entire graphics data representing a normal state,
S-first representing firstly displayed part of
entire graphics data representing a selected state, and
20 max(a,b) being a formula for indicating one of

“a” and “b” that has a larger size therebetween.

29. A recording method for a recording medium, the
recording method comprising:

25 a step of creating application data; and
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a step of recording the created application data to the
recording medium, wherein
the application data includes a digital stream that is
obtainedbymultiplexinga graphiés streamand a video stream,
5 ‘the graphics stream being a packet sequence that includes
adatapacketstoringgraphicsdataandacontrolpacketstdring
control,information}
the data packet has a time stamp whose value indicates
a decoding time of the gréphics data, and
10 | the control packet has a time stamp whose value indicates
a time at which the graphics data, after being decoded, is

displayed combined with the video stream.

30. An integrated circuit used in a reproduction
15 apparatus for a digital stream, the digital stream being
obtained by multiplexing a video streamand a graphics stream,
the graphics stream being a packet sequence that includes
adatapacket storinggraphics dataandacontrol packet storing
control information, the integrated circuit comprising:
20 a video decoder operable to obtain a moving picture by
decoding the video stream; and
- a graphics decoder including:
a processor that starts decoding of graphics data when
a current reproduction péint of the video stream reaches

25 a point shown by a decode time sf:amp of tihe data packet,
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and ends the decoding when the current reproduction péint
reaches a point shown by a presentation time stamp of the
data packet;'and

a controller that, according to a presentation time
stamp of the control packet, displays the graphics data,

after being decoded, combined with the video stream.

31. Aprogramthat makes a computer perform reproduction
of a digital stream, the digitai stream being obtained by
multiplexingavideo streamandagraphics stream, the graphics
stream being a packet sequence that includes a data packet
storingb graphics data and a control packet storing control
information, the program comprising:

a code that makes the computer obtain a moving picture
by decoding the video stream; and

acode thétmakes the computerperformgraphics rendering
by which the graphicé ‘data combined with the moving picture
isdisplayed, the graphics rendering performedby the computer
including:

a process of starting decoding of graphics data when
a current reproduction point of the video stream reaches
a point shown by a decode time stamp of the data packet,
and ending the decodingwhen the current reproductionpoint
reaches a point shown by a presentation time stamp of the

data packet; and
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a process of, according to a presentation time stamp
of the control packet, displays the graphics data, after

being decoded, combined with the video stream.

5 32. A reproduction method for a digital stréam that is
obtained bymultiplexing a video streamand a graphics stream,
the reproduction method comprising:

a process of obtaining a moving picture by decoding the’ '
video stream; and |
10 a process of performing graphics rendering by which the
graphics data combined with the moving picture is displayed,
the graphics rendering including:
~ a process of starting decoding of graphics data when
a current reproduction point of the video stream reaches
15 a point shown by a decode time stamp of the data packet,
andending the decodingwhen the current reproduction point
reaches a point shown by a presentation time stamp of the
data packet; and
a process of, according to a presentation time stamp
20 of the control packet, displays the graphics data, after

being decoded, combined with the video stream.
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FIG. 7A
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FIG. 1 8PTS( DSn[PCS)] )>=DTS( DSn[PCS] )+DECODEDURATION( DSn )
Where:
DECODEDURATION( DSn ) is calculated as follows:

decode_duration=0;
decode_duration += PLANEINITIALIZATIONTIME( DSn ) ;
if( DSn. PCS. num_of_objects==2)"

decode_ duration += WAIT( DSn, DSn. PCS. OBJ[0], decode_duration );
i{f( DSn. PCS. OBJ[0]. window_id == DSn. PCS. OBJ[1]. window_id )

decode_duration += WAIT( DSn, DSn. PCS. OBJ[ 1], decode_duration );
decode_duration += 90000*( SIZE( DSn. PCS. OBJ[0]. window_id )/ 256*108);

else

{ decode_duration 4= 90000*( SIZE( DSn. PCS. OBJ[0]. window_id )//256*1 08);
decode_duration += WAIT( DSn, DSn. PCS. OBJ[1], decode_duration );
} decode_duration += 90000¥( SIZE( DSn. PCS. OBJ[1]. window_id )//256*10°);

}
else if( DSn. PCS. num_of_objects ==1))

decode_duration += WAIT( DSn, DSn. PCS. OBJ[0], decode_duration ) ;
decode_duration += 90000*( SIZE( DSn. PCS. OBJ[0]. window_id )//256*1 0%);

return decode_duration ;

*  PLANEINITIALIZATIONTIME( DSn ) is calculated as follows:

initialize_duration=0 ;
if( DSn. PCS. composition_state= = EPOCH_START )

{
initialize_duration = 90000*( 8*video_width*video_height//256*10°) ;

else
for(i=0 ; i < WDS. num_windows ; i++ )

if( EMPTY(DSn.WDS.WIN[i],DSn ) )
itiaize_duration-+= 90000¥( SIZE( DSn. WDS. WING] //256*10°);

}

return initialize_duration ;

WAIT( DSn, OBJ, current_duration ) is calculated as follows:
wait_duration=0;
if( EXISTS( OBJ. object_id, DSn ) )

object_definition_ready_time = PTS( GET( OBJ. object_id. DSn) ) ;
current_time = DTS( DSn. PCS )+current_duration ;
if( current_time < object_definition_ready_time )

wait_duration += object_definition_ready_time - current_time ) ;

return wait_duration ;
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FIG.72
('SYNC OPERATION USING TIME STAMP )
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FIG.74
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FIG.75
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