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DESCRIPTION

RECORDPING MEDIUM, REPRODUCTION APPARATUS, RECORDING METHOD,

REPRODUCING METHOD, PROGRAM, AND INTEGRATED CIRCUIT

Technical Field

The present invention relates to a recording medium such
as a BD~ROM, and a reproduction apparatus, and more specifically,
to a technique of subtitling by reproducing a digital stream

constituted by multiplexing a video stream and a graphics strean.

Background Art

Subtitling realized by rendering graphics streams is an

important technique for allowing people in different linguistic
areas to appreciate a £ilm produced in & language other than their
native languages. An example of a conventional technicue of
suptitling is a memory allocation scheme for a Pixel Buffer based
on tne ETSI EIN 30C 743 stancard set forth Dby European
Telecommunications Standards Institute (ETSI). The Pixel Buffer
1s a memory for temporarily storing decompressed graphics, and
a reproduction apparatus writes the graphics in the Pixel Buffer
to adisplay memory called a Graphics Plane, and thus the graphics
i1s displayed. 1In the memory allocation scheme, a definition of
a Region 1s included in the Pixel Buffer, and z part cof the
decompressed graphics tnat corresponds to the Region 1s written
te thé Graphics Plane. For example, when a subtitle “Geodbye...”
is contained in the Pixel Buifer and a position and a size of the
Region are defined so as to includes a part “Go”, then the part
“Go” is written to the Graphics Plane and displayed on the screen.
Likewise, when the position and size of the Region are defined
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so as to includes a part®

‘Good”, then the part “Good” is displayed
on the screen.

By repeating of the defining of the Region and the writing
to the Graphics Plane, the subtitle “Goodbye...” is displayed on
the screengradually, i.e., first “Go”, next “Good”, then “Goodbye”
and finally the whole subtitle “Goodobye...” is displayed. By
rendering a subtitle in such a way, it is possible_to.realize a
wipe-in effect.

Tne ETSIZN 300 743 stancard, however, doesnotatall consider
to guarantee the sync between a graphics display anc a picture
display when a burdern for writing to the Graphics Plane is high.
The gravhics written to the Graphics Plane is not compressed, and
accoraingly, theburden Zorwriting tothe Graphics Plane increases
as a resoiution of the graphics becomes hicher. A size of the
graphics to be written to the Graphics Plane is up to 2 Mbytes
when rendering the graphics in a resolution of 1920x.080, which
is a proposed standard resolution for a BD-ROM, and & higher
bandwidth for a graphics data transfer from the Pixel Buffer to
the Graphics Plane 1s necessary in order to render graphics as
largeas 2Mbytes synchronouslywiththepicturedisplay. However,
demanding a high banawidth for the data transfer to write the
graphics to the Graphics Plane hinders an attempt of cost reduction
in manufactu;ing the reproduction apparatus. It is possible to
~ower the necessary bandwidth in writing to the Graovhics Plane
oy having the reproduction apparatus always performa “reasonable
write”, inwhichonlyadifferencefromaprevicusdisplayiswritten
to the Graphics Plane. However, demanding the reproduction
apparatus to always perform the “reasconable write” restricts
software applicable to the reproduction apparatus.

As described in the above, the high burden for writing %o

2
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the Graphics Plane demands that reproduction apparatuses overate
in the high bandwidth or perform the reasonable write, and as a
result, restricts . product develooment of reproauction

apraratuses.

Disclosure of the Invention

An opject of the present invention is to provide avrecording
medium with which graphics‘may oe updated synchronously wiih &
picture display even when an amount of data to be written to a
Graphics 2lane 1is large.

_n order to achieve the above object, an example of the
recording medumaccording To the present invention is a recording
medium used for storing data, said recording medium comprising:
a digital stream constituted by multiplexing a video stream and
a graphics stream, wherein said video stream represents z meving
oicture made of a pLurality of pictures, and the gravhics stream
incluces: graphics data representing graphics to be combined with
The pictures; and window informaticn that specifies & window for
reﬁderingthegraphicstherein,thewindowinformationindicating
a width, a height and a pcsition of the window on a vlane, the
planepeingaplanememoryocfareproductionapparatus that combines
the graphics with the pictures.

By specifying a part of the Plane corresponding <o each
pictureasthéwindowforrenderingthegraphics,itisnotnecessary
that the reproduction apparatus renders the gravhics for an entire
vlane, andit is sufficient that the reproduction apparatus renders
the graphics only in a limited size of window. Because it is not
necessary to render the graphics outside the window in the plane,
the loacd of software in the reproduction apparatus may be reduced.

Further, by setting a size of the window so as to ensure
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a sync display between the graphics and the picture, it becomes
possible for a producer who pérforms authoring to guarantee the
syncdisplayinanykindof reoroductionapparatus, evenwhen update
of the graphics is performed in a worst case.

Moreover, by setting a positicn and a size of the window
by the window information, it is possible to adjust the position

nd size of the window in the authoring, so that the subtitles

o
N

are out of the way of pictures when viewing “he screen. Therefore,
thevisibility of the graphics aremaintained even when the victure
on the screen changes as time passes, and thus it is possible to
maintain the cuality of a Zilm.

The woxst case in updating the graphics means a case in which
the graphics is updated in a least efficient operaticn, i.e. all
clear and re-drawing of the window. When setting the size of the
window in order to prepare for the worst case, it 1s desirable
that the above recording medium is such thazt the width and height
of the window are set so that a size of the window is 1/x of the
plane, tne plane corresponding to a size of each picture and x
being a real number based on a ratio between a window update rate
and a pilicture display rate.

By setting the window size in this manner, a bandwidth on
the reprcoduction apparatus that i1s necessary for writing to the
graphics plane is set to a fixed wvalue. By structuring the
reproducticn apparatus so as to satisfy this bandwidth, it is
possible to realize the sync display between the graphics and the
picture regardless of the scftware mounted to the reproduction
apparatus.

As described above, it 1s possible tc present a minimum
standard for a structure of the reproduction apparatus. As long
as the transfer rate is set so as to satisfy the minimum standard,
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a design ¢f the reproduction apparatus is at the discretion of
deveiopers. Therefore, it is possible to expand the possipility

in development of the reproduction apparatus.

Brief Descriptiorn Of The Drawings

FIG.1 illustrates an example of use of a recording medium
accorcing te the present invention.
FIG.2 i1llustrates a structure of a BRD-ROM.

FIG.3 1s a dlagram schematically illustrating a structure

[9)]

of an AVClip.

stream.

FIG.4B illustrates a PES packet obtained after funcztional
secgments are converted.

FIG.5:llustrates a logical structure that ismade of various
kinds cf functional segments.

FIG.6 1llustrates a relation between a display position of
a subtitle and an Epoch. |

FIG.7A i1llustrates syntax to define a Graphics Object in
an Object Definition Secment (0DS).

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

FIG.8A illustrates syntax of a Window Definition Segment
(WDS) .

FIG.8B i1llustrates syntax of a Presentation Compcsition
Segment (PCS).

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

FIG.10 Zllustrates an example of a description of the WDS

and 2PCS in a DS..
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FIG.11 illustrates an examp.e of a2 description of the BCS
in a DS2.

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

FIG.13 is an example of a description ¢f 2 Display Set when
Cut-In/Out is verformed, illustrating along a timeline.
FIG.14 is an example of a description of a Display Set when

Fade-In/Out is performed, illustrating along a timeline.

TIG.15 is an example of a description of a Display Set when
Screolling is verformed, illustrating along a Iimeline.

(B3]
=1
G

.16 1s an examp.e oI a description of a Display Set when

Wipe-In/Out is verformea, illustrating along a timeline.
FIG.17 is a diagram comparing two cases: a window has four

Graphics Objects, and a window has two Graphics Ob-ects.
FIG..8illustratesanexampleofanalgorithmfcrcalculating

& decode duration.

FIG.12 is a flowchart of the algorithm cf FIG.18.
TIGs.20A and B are flowcharts of the algorithm of FIG.18.

FIG.21A 1l ustrates a case inwhich eachwindowhas an Object
Definiticn Segment.

FIGs.21B and C are timing cherts showing orders among
numera.s referred to in FIG.18.

FIG.22A1llustratesacaseinwhicheachwindowhastwoOpiect
Definition Segments.

FIGs.22B and C are timing charts showing orders among
ntmera.s referred to in FIG.18.

FIG.23Adescribesacaseinwhicheachof twoWindows includes

an 0ODS,

1=-

TIG.23B illustrates a case in which a decode period (2) is
longer than a total of a clearing period (1) and a write period

6
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(31).

FZG.23C illustrates a case in which a total of the clearing

g -

eriod (1) and the write veriod (31) is longer than the decode
oeriod (2).
FIG.24 illustrates snifts in time of update described in

an example in the present specification.
FIG.25A illustrates four Display Sets that are described

e.

ct

sc as to perfcorm the above explained updcsa
FIC.25B 1s a timing chart showing settings of DTS and PTS

of Zunctional segments included in the four Display Sets.
72G.26 illustrates an internal structure of a reproduction

apparatus according to the present invention.

t1f

IG.27 illustrates sizes of write rates Rx, Rc, and Rd,
Grapnics Plane 8, Coded Data Buffer 13, Object Buffer 15, and
Composifion Buffer 16.

FIG.28 is atimingchartiliustratingeapipelineprocessin
by the reproduction apparatus.

TIG.29 illustrates a timing chart in a pipeline processing
of a case ir which decoding of the 0DS ends before clearing of
the Graphics Plane is completed.

FIG.30 is a flowchart illustrating a process of a loading
cperation of a functional segment.

TICG.31 shows an example of nmultiplexincg.

FIG.32 illustrates & manner in which a DS1C is loaded *o
the Coded Data Buffer 13.

FIG.33 illustrates loading of & DS1, the DS10, and a DS20
irn a normeal reproduction.

FIG.34 illustrates locading of the DS1, DS10, and DS20C in
the normal reproduction as shown in FIG.33.

FIG.35 illustrates a Zlowchart showing a rrocess performed

7
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oy the Graphical Contrcller 17.

FIG.36i1llustratesaflowchart showingtheprocessperformed
by the Graphical Contrecller 17.

TIG.3711lustratesa flowchart showingtheprocess pexrformed
by the Graphical Controlliexr 17.

FIG.38 illustrates a pvipeline process of the reproduction
apparatus basea on the PTS of the PDS. |

FIG.39 is a diagram describes a significance of the END in
the pipeline process of the reproduction apparatus.

FIG..0 i lustratesaninternal structureof the reproduction
apparatus according to a secona empodiment.

FIG.4Z schematically illustrates an operation of reading
cut and writing to tne Graphics Planes that constitute a double
cuffer.

FIG.421isaf_owchart illustratingthemanufacturingprocess

of the BD-ROM according to 2z third empodiment.

Best Mode for Carrying Out the Invention

[First Zmpodiment]

A First Embodiment of a recording medium according to the
oresent invention is explained below.

FIG. 1 illustrates anexample 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 data
of movie works to a Home Theatre Systemstructuredby a reproduction
apparatus 200, a television 300, and a remote controller 400.

The recording medium according to the present invention is
manufactured by an improvement inan application layer of a BD-ROM.
FZG.2 illustrates a structure of the BD-ROM.

Inthedrawing, the BD-ROM is shown at apvottomof the drawing,

8
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and a track on the 3D-ROM is shown above the BD-ROM. The track
is actually in a spiral shape on the disc, but shown in a line
in t“he drawing. The track includes a lead-in area, a vo.ume aresz,
and e lead-out area. Thevolume area in thisdrawingnas a physical
layer, a file system layer, and an app_ication layer. At a tcp
of the drawing, an application format of the BD~-ROM is illustrated
using a directory structure. As illustrated in the dréwing, the
3D-ROM has & directory 3DMV under the root directory, and the BDMV
directory contains a Zile Zor storing an AVClip with an extension

M27TS (XXX.M2TS), a file for storing administrative ZInfo for the

AVCLip with an extension CLPI (XXX.CLPI), and a file for aefining
a logical 2lay List (PL) for the AVClip with an extension ML
(YYY.MPLS). By forming the above application format, It is

possible 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 tc provide three directories
named STREANM, CLIPINF, and PLAYLIST under the BDMV tc store the
files with the same extension in one directory. Specifically,
it is desirable to store the files with the extension MZTS in the
STREANM, the files with the extension CLPI in the CLIPINF, and the
files with the extenrnsion MPLS in the PLAVLIST.

Ar. explanation abou:t the AVClip (XXX.M2TS) in the above
application format i1s given below.

The AVClip (XXX.M2TS) is a digital stream in MPEG-TS format
(TS is Transport Stream) obtained by multiplexing & video stream,
at least one audio stream, and a presentation graphics stream.
The video streaereprésents pictures of the £ilm, the audio stream
represents sound of the film, and the presentation graphics stream
representssubtitlesofthefilm. FIG.3isadiagramschematically
illustrating a structure of the AVClip.

9
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The AVClip (XXX.M2TS) is structured in a following manner.
Each of “he video stream made of plural vide frames (picture pjl,
032, and ©33), and the audic stream made of plurel audio frames
(top row of the drawing) are converted into a line of PZS packets
(second row of the drawing), and then into a line of TS packets
(third row of the drawing). The presentation graphics stream

(potzom row of the drawing) is converted into PES pvackets (second

-
0.

to botzom row of the drawing), and then into TS pacxets (thir
to bottom row of the drawing). Three lines c¢f PS 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 compatilkle
to piural languages, a presentation graphics stream for each
language is multiplexed to constitute the AVClip. The AVClip
corstitutedintneabovemannerisdivicedintomere thanoneextent,
like ordinary computer Zfiles, and stored in areas in the BD-ROM.
Nex:, theoresentationgraphicsstreamisexp_ainea. IIG.4A
illustrates a structure of the presentation graphics stream. A
toprowindicatestheTSpacketlinetobenmltiplexedtotheAVClip.
Asecondtothetoprowindicatesthe PESpacket linethatconstitutes
a graphics stream. The PESpacket lineisstructuredbyretrieving
payloads out of TS packets having a predetermined PID, and
connecting the retrieved payloads.
Athirdtothetoprowindicatesihestructureofthegraphics
stream. The graphics stream is mace of functional segments named
a Presentation Composition Segment (PCS), a Window Definition
Segment (WDS), a Palette Definition Segment (PDS), an Object
Definition Segment (ODS), and an END 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

10
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definition segments. The PES packet and each of the functional
segments correspond one to one, or one to plurality. In other
words, one functional segment is either recordec in the BD-ROM
after converted intocne PESpacket, orafterdividedintc fragments
and converted into mcre than one PES packet.

TIG.43 illustrates the PES packet obtained by converting
the functional segments. As shown in the drawing, the ?ES packet
is made of a packet header and the payload, and the paylocad is
a substantial body of a functional segment. The packet neader
includes a DTS and & PTS corresponding to the functional segment.
The DTS and PTS included in :the packet header are hereinafterx
referred to as the DTS and PTS of the functiornal segment.

"he above described various kind of functional segments
constitute a logicél structure as illustrated in FIG.5. FIG.>
illustrates the logical structure that ismade of the various kinds
of functional segments. In the drawing, a Top row illustrates
Epochs, a middle row i1llustrates Display Sets (DS), and a pbotton
row illustirates the functional segments.

Tach of the DS shown inthemiddle row is a grcup of functional
segments that compose graphics for one screen, among all of the
plural functional segments that constitute the ¢grapnics stream.
3roken lines in the drawing indicate the DS to which the functional
segments in ;he bottom row belong, and show that a serxiles of the
funciional 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 managemens is consecutive timewise along a timeline oZ the
AVC_ip reproduction in cne Zpoch. One Epoch also represents a

11



10

15

20

30

WO 2004/098193 PCT/JP2004/006074

cgroup of data that is assigned to the same period of time. The
memory referred to here are the Graphics Plane tnat stores the
cgraphics for one screen, and an Object Buffer <that stores
decompressed graphics data. The consecutiveness of tne memeory
management means a flash of the Graphics 2lane or of the Object
Buffer does no- occur in the Epoch, and erasing anc rendering of
the graphics are only performed in a predetermined réctangular
zrea on “he Graphics Plane (the flash here indicates clearing of
al’ conten=s of the s-ored data in a p_ane or a buffer). A size
and a positicn of the rectangular area are Zixed during one Epoch.
As long as the erasing and rendering of the graphics are only
performed in the predetermined rectangular area on the Graphics
olane, & sync reproduction betweern the picture and the graphics
is guaran:teed. In other words, the Epoch is a unit in the

reproducing timeline, andinthisunit, thepictureandthegrapnics

[$)]

re guaranteed to be reproduced synchronously. When moving the
area, in which the graphics are erased and rendered, to a different
positicn, it is necessary to define a point on tne timeline to
move the area, and a period after the point becomes a new Zpocn.
The sync reprcduction is not guaranteed at & boarder petween Two
Zpochs.

In viewing an actual f£ilm, one Epoch is a time period in
which subtit;es are displayed in the same rectangular area on the
screen. FIG.6 illustrates a relation between the position of the
subtitlesandtheEpochs. Inanexampleillustratedbythedrawing,
“he positions at which the five subtitles “Actually...”, “I was
hiding”, “my feelings.”, “I always”, and “loved you.” are shown
move according tc the picture in the film. Specifically, the
suptitles “Actually...”, “Iwashiding”, and“my feelings.” appear
2t the bottom of the screen, while the subtitles “I always” ana

12
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“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, considering
visibility of the £ilm. A time period during which the subtitles
appear at the bottom is an EZpoch 1, and a subseguent 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 Zpoch 1 is a Window 1 positioned

is a Window

%]

at the pottom of “he screen, and the area in the Epoch
2 positioned at the top of the screen. The meriory management L1s
consecu-ive ireachof theEvochs land2, andaccordingly, rendering
of the subtitles ir the Windows 1 and 2 is synchreoncus with the
pictures,
Next, details about the Display Se: (DS) are described.
Broken lines hkll andhkl2 in FZG.5 indicate which functional

segment at the middle row belongs to which Epoch. A series of

4o 1

DS “EpochStart”, “AcguisitionPoint”, and“Normal Case’ constitute

n

the Epoch at the top raw. The “Epoch Start”, “Acguisition Point”,

and “Norma. Case” are types of the DS, and an order betweern the

1

“Acquisition Point” and “Normal Case” does not matter and elthe

B

mn

cf them may come fir

The EZpoch Start is a DS that has a dispiay effect cf “new
display”, which indicates a start of a new Epoch. Because of this,
+he Epoch Start containsall 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 cZ 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 renderin
graphics with the Epoch Start which is a preceding DS. The

13
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AcqaisitionPointjjsnotprovidedataastartingpoint:ﬂftheEpoch,
but contains all functional segments needed tTo display the new
composition of the screen. Therefore, It is possible to display
thegraphicswithoutfail\ﬂuﬂ1askipoperationtx>theAcquisition
Point is performed. Accordingly, with the Acguisition Point, it

is possible tc compose a screen in the middle of the Epoch.

o]

The Acguisition Point is provided at a position that could
be a target for the skip operation. rn example of such a pesition
isapositionthatcouldbespecifiedwhenperformingatimesearch.
The time search is an operatiocn in response To a user’s input of
a time to start reproducing froma reproducing point corresponding
to the “ime specified by the user. Tre time is specified rougnly,
such as by 10 minutes or by 10 seconds, and accordingly, voints
at which the reproduction starts are provided at such as a 10 minute
in-erval, or a 10 second interval. By providing the Acguisition
Doint a- he points at which the reproduction may start, it is
possible to perform reproduction smoothly after the time search.

“he Normal Case is a DS that has a display effect of “display
update”, and contains only elements “hat are different Zrom the
preceding composition of the screen. Specifically, when

subtitles in

4]

DSv is the same as subtitles in a DSu but the screen
is displayed differently in the DSv anc DSu, the DSv is provided
SO as to inc;pde only the PCS anc makes the DSv the Norma. Case.
By this, it does not necessary to provide an 038 with the same
content as -he contenz of the 0DS in the preceding DS, and a data
size in the BD-ROM may be reduced. On the other hand, because
+he DS as the Norma. Case contains only the difference, it is not
possible fo compose the screern using the Normal Case alone.
Deta‘ls of the Definition Segments (ODS, WDS, and PDS) are
explained below. The Object Definition Segment (0ODS) is a

14
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functional segment that defines the Graphics Object. An
expianationof the ohics Object isgiven Zirst. Asellingpoint
of the AVClip recorded in the BD-ROM is its resclution as high
as hi-vision, and therefore the resolution for the Graphics Object
is set at 1920x1080 pixels. 3ecause of the high resclution of
2920x1080 pixels, it is possible to displiay 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
Difference Red Cr, Cclor Difference Blue Cb, Luminance Y, and
Transparency T) is 8 bits, and thus it is pdssible to chose any
256 colors out of fullcoloxr (16,777,2.¢ colors) forthe subtities.
The subtitles realized by the Graphics Opject are rendered Dy
positioning texts on a transparent background.

SynzaxofODStodefine-heGraphicsObjectissnhownin FIG.7A.
The ODS is made of segment type indicating that the segment ls
the ODS, segment length Iindicating a data length of the 035,
cbject iduniquely identifying the Graphics Object corresponding
tothe ODS in the Epoch, object version number indicatingaversion
of +the O©DS within <the Epoch, last_inseqguence_flag, and
obiect data_Zragment which 1s a consecutive sequence oI bytes
corresponding to a paxt or all of Graphics Object.

Theobject idisforuniquelyidentifyingtheGraphicsObject
corresponding to the ODS in the Epoch. The Epoch of the grapnics
stream contains more than cne 0DS having the same ID. The ODS
having the same ID also have the same width anc height, and are

signed with a common area in the Object Buffer. After one of
the ODS having the same ID is read in the common area, the reac
ODS is overwritten by a subsequent ODS having the same ID. By
overwriting the ODS that is read tc the Object Buffer py the
subsequent ODS having the same ID as the reproduction of the vide
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stream proceeds, tnhe graphics by the ODS is updated accordingly.
A size constraint that the width and neight of the Gravhics Object
having the same ID shogld be the same is applied cnly during one
Epoch, and the Graphics Objects in different Epochs may nave
different sizes.

Zxplanations about - last sequence_flag and opject_
data Zragment are given next. In some cases, it is not pecssible
to store the decompressed graphics that constitutes the subtitle
in one ODS due to a payload constraint of the PEIS packet. In such
cases, thegrapnicsissplitintoaseriesof consecutive fragments,
and one fragment is set to the opbject data_Zragment. When one
Graphics Object is stored asmore than one fragment, every Zfragment

except a las:t fragment nas the same size. The last Iragment is
less than or egual to the size of previous fragments. The ODS
carrying the fragments appear in the same segquential order in tne
DS, with an end of the seguence indicated by the 0DS nhaving the
last seguence_flag. Although the above described syntax of the
ODS is based on a premise that the fragments are stacked in frem
the preceding PES, the fragments may oe stacked so that each PES
contains a blank parct.

Next, the Palette Definition Segment (PDS) is explained.
The PDS is used to define a palette for a coleor conversion. IIG.73
shows syntax of the PDS. The PDS ismade of segment_type indicating
“hat the segment is the 2DS, segment lengthindicatingacata length
of the PDS, palette iduniguely identifying the palette contained
in the PDS, palette version numper indicating a version of the
PDS wi“hin the Epoch, and palette entry id specifying an entry
number of the palette. The palette entry id indicates the Color
Difference Red (Cr value), cthe Color Difference Blue (Cb_value),
Luminance (Y value), and Transparency (T _value).
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Nex:, an explanation about the Window Definition Segment
(W2S) is given below.

TheWDSisusedtodefinetherectangularareaonthe@raphics
DPlane. As described in *he above, the memory management is
seguential only when erasing and rendering is performed within
& certain avea on the Gravhics Plane. The area on the Graphics
PlaneisdefinedbytheWDSandcalled “Window”. FIG.8Ailllustrates
syntax of the WDS. As shown by the drawing, the WDS 1s maae o=
segment_typeindicatihgthatthesegmentistheWDS,segment_length

indicazin

Q

zdata lengthof theWDS, window_iduniguelyidentifying
“ne Window on the Graphics Plane, window_horizontal_position
specifying a horizontal address of a top left pixel of the Wincow
on the Graphics Plane, window_vertical vosition specifying a
vertical address of the top left pixel of the Windowon the Graphics
Plane,window_widthspecifyingawidthoftheWindowontheGraphics
Plane, and window height specifying & neight of the Wincdow on the
Grapnics Plane.

Ranges of wvalues <that the window horizontal position,
window vertical pesition, window_width, and window_nheight may
take are explained below. A coordinate system Zor those values
iswithin an area on “he Graphics Plane, andwhose size s indicated
two~dimensionally by the window_neight Zor a height and the
window width for a width.

The window horizental_pcsition 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)-I. Alsoc, 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 C to (window_height)-1.

The window width specifies the width of the Window on the
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Graphics Plane. The specified width falls within a range of L

R

to (video width)-(window_horizontal position). urther, the
window_height specifies the height oI the Window on the Graphics
Plane, and the specified neight is within & 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 positlon, window_wid:h, and window_height.
Accordingly, it is poésible 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 o the picture when
viewing the film. 3y<this, thevisibilityofthesubtitles becomes
nigher. Because the WDS is defined for each Epocri, it is possible

o adjust the vposition of the Window accerding tc the picture,

g

even if The picture changes in the course ¢ time. As a resulz,
the guality of the film is maintained as high as in a case where
the suptitles are incorporated in the main body oI the Z:ilm.

Next, the End oZf Display Set Segment (END) i1s explained.
The END provides an indication that a transmission of the DS Is
completed. The End is inserted into a stream immediately after
a 1ast ODS in one DS. The End is made of segment tyve indicating
that the segment is the EIND and segment_length indicating a data
length of the END. The END does not include any other e_ement
that reguires a further explanation.

NexzZ, an explanation about the Presentation Composition
Segment (PCS) 1s given below.

The PCS is a functional segment that is used for compesing
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,
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~

palette update flag, palette_id, anc window information 1-m.

The composition number identifies the Graphics Update in
the DS by values 1in a range of 0 to 153. ZIf the Graphics Update
exists between the head of the Epoch and the 2CS, the
composition numper is incremented every time the Graphics Update
occurs.

The composition state indicates the type of the DS in which
the PCS s contained, Normal Case, Acguisition Point, oxr 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
orevious palette. The palette update Zlag field is set to “17,
if the Palet:e cnly Display Update i1s performed.

The palette id identifies the palette to be used in the
Palette cnly Display Update.

The window information 1l-m incdicate how to control each
Window in the DS o wnich the PCS belong. A broken line wal in

TIG.8B is “o detall an interna. syntax for window information Z.
The window infeormation 1 1s made of object_id, window_id,
opject cropped flag, obiect horizontal position, an
object vertical position, and cropping rectangle information
1-n.

The obiect id identifies the 0DS in a Window corresponding

to the window information 1i.

The window_id identifies the Window to which the Graphics

s
Fl
Q

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 Bulfer,
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Wner the object cropped flag is set to “1”, the croppec Graphics

Obiect is displayed in the Object Buffer, and if set to “0”, the

Graphics Object is not displayed.

The object 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 “he top left pixel of the Graphics Object in the Graphics Plane.

The cropping_réctangle information 1-n are elements usecd
when <he opject cropped flag is set to “.”. A broken line wd2
is-odetail an internal syntax for cropping rectangle information

i. As shown by the brokern line wd2, the cropping rectangle

informaticn i is made of four fielcs,
opject cropping horizontal position, cbject cropping_
vertical position, object cropping width, and object

cropping height.

The object cropping horizontal position specifies a
horizon=al address of a top left corner of a cropping rectang.e
to be used during rendering of the Graphics Object in the Graphics
Plane. The cropping rectangle i1s a cropping frame that is used
to specify and crop a part of the Graphics Object, and corresponds
£o Region in the ZTST EN 300 743 standazd.

Theobjec*_cropping_vertical_positionspecifiesavertical
address of the top left corner of the cropping rectangle to pe
used during rendering of the Graphics Object in the Graphics Plane.

The opject cropping width specifies a width of the cropping
rectangle. |

The opbject cropping height specifies a height of the
cropping rectangle.

A specific example of the PCS is detailed below. In the
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example, the subtitles “Actually...”, “I was hiding”, and “my
feelings.” as shown in FIG.6 appear gradually by writing to the
GraphicsPlaneBtimesasthepictureproceeds. FIG.S isanexample
of description for rea_izing such a subtitle display. An Ipoch
in the drawing includes a DS1 (Epoch Start), a DS2 (Normal Case),

and a DS3 (Normal Case). The DSI1 contains a WDS for speciying

the Window in which the subtitles are displayed, an ODS for

specifying the line “Actually... I was hidingmy feelings.”, and
a first PCS. The DS2 contains a second PCS, and tne 2S3 contains
a third PCS.

TIGs.10-12 iliustrate examples of the WDS and PCS contained
in the DS. FIG.10 shows an examp.e of the PCS in the DS..

In FIG.10, the window norizontal position and tne
window vertical position of the WDS are indicated by a LPL, a
position of the top left pixel of the Window on tne Graphics Plane.
The window_width and window_height indicate the widtn and height
of the Window, respveciively.

In FIG.1.0, the object cropping hcrizontal position and
object_cropping_vertical_positionindicateareferencepointSTl

of the cropping rectangle in the coordinate system in which an

Q

origin is the top left pixel of the Graphics Object. The cropping
rectangle 1s ar area naving the width Zrom the ST to the
object_cropping_wid:th, and the height Zrom the ST <o the
object_cropping_height«arectangleshownknzaheavy—lineframe).
The cropped Graphics Object is positionecwithina rectangle shown
byakmoken*lineframecpl,withazeferencepointinthecoordinate
system with an origin at the object_horizontal position and
object vertical position (the top left pixel of the Graphics
Ob*ect) intheGraphicsPlane. By this, thesubtitle “Actually...”
is written to the Window on the Graphics Plane, and then composed
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with the movie picture and displayecd on the screen.

FIG.11 shows an example of the PCS in the DSZ. The WDS in
the DS2 is not explained, because the WDS in the DS2 is the same
as the WDS ‘n the DS1. A descripticn of the cropping information
in the DS2 is different from the description of the cropping
information shown in TIG.10.

In FIG.1., the object cropping horizontal position and
object_cropping_vertical_position in thé cropping information

indicate a top lef: pixel of the subtitle “I was niding” out of

[=-

“Actually... I was nhiding my feelings.” in the Qb*ect Buffer.
The object cropping_width and object cropping_neight Indicates
a width and a height of a rectangle containing the subtitle “C
was hiding”. 3y Zhis, the subtitle “I was niding” is written to
Zhe Window on the Graphics Plane, and then composed with the movie
picture and displayed on the screern.
TIC.12 shows an exampie of the PCS in the DS3. The WDS In
“he DS3 is not explained, because the WDS in the DS3 is the same
as —he WDS in the DS1. A description of the cropping informatien
‘n the DS3 is different from the description of the cropping
information shown in FIG.10.

In FIG.12, the obiect cropping nhorizontal pesition and

rtical vosition in the cropping information

“Actually... I was niding my feelings.” in the ObJect Buffer.
The object cropping_wi.dth and object cropping_height indicates
a width and a height of a rectangle containing the subtitle “my
feelings.”. By this, the subtitle “my feelings.” is written to
“he Window on the Graphics Plane, and then composed with the movie
picture and displayed on the screen.

3y describing the DS1, DSZ, and DS3 as explained above, it
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is possible to acnieve an effect of displaying the subtitlies on
the screen. It is also possible toachieve other kinds of effect,
anddescriptionprotocols forrealizingothereffectsa reexplained
below.

First, a description protocol for a Cut-In/Out effect is
exolained. FIG.13 shows an example of the description of the DS

when Cut-In/Qut i1s performec, illustrating along a timeline.
Ir the drawing, x anc y in Window(x,y,u,v) respectively
incicate values of the window_ vertical position and
window_horizontal vosition, and u and v respectively indicate
values of thewindow widthandwindow _height. Alscinthedrawing,
zandbinCroppingRectangle(a,b,c,a) respectivelyindicatevalu
of the cebject cropping vertica. pecsition and
object cropping horizontal position, andcandd indicate values

_cropp-ng_heignt,

t

cf the object cropping widtn anc objec

respectively. Display Sets DS11, DS12, and D813 are at points
tlil, =22, and t.3 on the reproduction timeline in the drawing.

The DS11 at the point tll incliudes a PCS%#C in which the
composition state is “Epoch Start” and the opject_crcpped_f_ag
is“C” (no_croppin _rectangle_visible),aWDS#Ohavingastatement
for aWindow in awidth 700 x heignht 300 at (10C,100) in the Graphics
Plane, a PDS#0, an ODS#0 incdicating a subtitle “Credits:”, and
an END.

The DS12 at the wpoint tl2 includes & PCS#1 whose
composition state is “Normal Case” and indicatinga cropoperation
of the Graphics Oblect to be in a 600x400 size from (C,0) in the
Opject Buffer (cropping rectang’e#0(0,C,603,400)), and
positioning the cropped Graphics ObJject at the coordinates (C,0)
in the Graphics Plane (on Window#C(0,0)).

The DS13 at the point tl13 includes a PCS#2 whose
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composition state 1s “Normal <Case” and in which the
object cropped flagissetto“l0”soastoerase thecroppedGraphics
Object (no_cropping rectangle_visible).

Witn the apove explained Disvlay Sets, the subtitle
“Credits:” isno-dispvlayatthetll, appearsat thetlZ, thenoecomes
no-display at the tl13 again, and the Cut-In/Cut-Out effect is
realized.

Secondly, a description protoceol for a Fade-In/Out effect
is explained. FIG.14 shows an example of the descripticn of the
DS when Fade-In/Out is verformed, 1llustrating along a timeline.
Display Sets DS21, DS22, DS23, and DS24 are at peints t21, t22,
t23, and t24 on the reprcduction timeiline in the drawing.

The DS2. at the point t2L inciucdes a PCS#C whose
compositior state Zis “Epoch Start” and indicating the crop
operation of the Graphics Object tobe ina 600%x400 size from (C,0)
in the Object Buffer (cropping rectanglex0(0,0,6C0,400)), and
positioning the cropped Grapnics Object at the coordinates (0,0)
‘nthe Graphics Plane (on¥Window#0(C,0)), aWdS#0havinga statement
for aWindow in a width 700 x heicht 30C at (100,100) in the Graphics
Plane, & PDS#0, an ODS#0 indicating a subtitle “Fin”, anc an END.

The DS22 at the oint t22 inclucdes a PCS#1 whose

el

corposition state 1s “Normal Case”, and a PDS#1. The PDS#l

indicates the same level of Cr and Cp as the 2DS#(0, but a luminance

indicated by the PDS#1 is higher than the luminance in the PDS#
The DS23 at the point t23 includes & PCS%#2 whose

composition state is“NormalCase”, a PDS#Z, andanEND. The PDS%2

1=~

ndicates the same leve_ of Cr and Cb as the PDS#1, but the luminance
indicated oy the PDS#2 is lower than the luminance in the PDS#l.

The DS24 at the point t24 includes a PCS whose
composition state is “Normal Case” and the object_cropped_flag
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is 0" (no_cropping_rectangle_visiblie), and an END.

Zach DS svecifies a different PDS from a preceding DS, and
accordingly, the lumina_nce of the Graphics Object that is rendered
witn more than cne PCS in one Epoch becomes gradually high, or
low. Bythis, it ispossibletorealizetheeffect of Fade-In/Out.

Next, a descripticon protocol for a Scroliing is explainec.
FIG.15 snows an example of the description of the DS when Scrolling
is performed, illustrating along a timeline. Display Sets DS31,
DS32, DS33, and DS34 are at points =31, £32, t33, and t34 on the
reproduction timeline in the drawing.

The DS31 at the wvpoint t31 :includes a PCS#0 whose
compesition state is set to “Epoch Start” and object_crcpped_flag
1s“0” (no_cropping_rectangle visible), aWDsS#Chavinga s:atément
for aWindow in a width 700 x height 500 at (1CC, 100) in the Graphics
Plane, 2 PDS#0, an ODS#0 indicating a subtitle “Credits: Company”
anc an END,.

The DS32 at the poirnt t32 includes a P2CS#1 wnhose
composition state is “Norma. Case” and indicating the crop
operation of the Gravhics Object tobe in a 600%400 size Zrom (C,0)
in the Obiect Buffer (cropping rectangle#0(C,0,600,400)), and
positicning the cropped Graphics Object at the coordinates (0,0)
in the Graphics Plane (on Wincow#(0{0,0)). An area cf the 600x400C
size frem (O,‘O) in the Object Buffer includes a part “Credits:”
of the subtitle “Credits: Company” shown in two lines, and thus
the part “Credits:” appears on the Grapchics 2lane.

The DS33 at the point t33 includes a PCS%2 whose
composition state is “Normal Case” ancd indicating the crop
operationof the GraphicsObject tobeina 600x400 size from (0,100)
in the Object Buffer (cropping rectangie#0 (0,100,600,400)), and

positioning the cropped Graphics Object at the coordinates (0,0)

2
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in the Graphics Plane (on Window#0((0,0)). The area of the 600x40C
size from (0,100) inthe Object Buffer includes thepart “Credits:”
and a part “Company” of the subtitle “Credits: Company” shown in
two lines, and thus the parts “Credits:” and “Company” appear in
“wo lines on the Graphics Plane.

The DS34 at the point %£34 includes a PCS#3 whose
composition state is “Normel Case” ana indicatinglthe crop
operationoftheGraphicsObj cttobeina 600x400sizefrom (0,2C00)
in the Obiject Buffe r (croeping rectangle#0 (0,200,600,400)), anc
posizioning the cropped Graphics Object at the coordinates (0,0)

in the Graphics Plane (on Window#0(0,0)). The area of the 600x400
size from (0,200) in zhe ObZect Buffer includes the part “Company”
of the suptitle “Credits: Company” shown in two lines, and thus
“he part “Company” appears on the Grapnics Prane. By tne apove

PCS description, it is possible to scroll down the subtitle In

two lines.

Finally, a description protocel for a Wipe-In/Out effect
is explained. FIG..6 shows an example of the description of the
DS when Wipe-In/Out is performed, illustrating along a timeline.
Display Sets D2S21, DS22, 2S23, and DS24 are at points t21, t2Z,
£23, and t24¢ on the reproduction timeline in the drawing.

~ dincludes a PCS%#0 whose

1

Tnhe DS3. at the point ¢
composition_state is set te “Epoch  Start” and the
op*ect cropped flag is. "0~ (no_cropping rectangle_visibie), a
WDS#0 having a statement for a Window in a width 700 x height 5C0
at (100,100) in the Graphics Plane, a PDS#0, an ODS#(C indicating

W

a subtitle in’”, and an END.

The DS532 at the point t52 4includes a PCS#l whose

composition state is “Normal Case” and indicating the crop
operation of the Graphics Object to be ina 600x400 size from (0,0)
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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 ?lane (on Window#0(C,0)). An area of the 630x400
size from (0,0) in the Object Buffer includes the subtitle “Fin”,
and thus the subtitle “Fin” appears on the CGraphics Plane.

The DS53 a= the point £33 includes a PC3#2 whose
composition state 1s “Normal Case” and indicating the crop
operatior of the Graphics Opject tobeina 400x400 size from (200, 0)
in the Object Buffer <dropping_rectangle#0 (20C,0,4C0,400)), and
positioning the cropped Graphics Object at the coordinates (200, 0)
in the Graphics 2lane (on Windowz0(200,0)). By this, an area
indicated by coordinates (200,0) and (400,400) Zin the Window
becomesezdisplayarea,andzxuareaindicatedkufcoordinates(0,0)
and (199,400) becomes a no-display area.

The DS54 at the point <34 <Includes a PCS#3 whose
compoesition _state is “Normal Case” and indicating the cxop
ovceration of the GraphicsObject tobeina200x4CC size from {40C,0)
‘n the Object Buffer (cropping_rectangle#0 (40C,0,200,400)), and
positioningthecroppedGraphicsObjectatthecoordinates(400,0)

in thn

o

Graphnics Plane (on Window#0(400,0)). By this, an area
indicatedbycoordinates(C,O)and<399,400)becomestheno—display
area.

By this, as the no-display area becomes larger, the calsp.ay
area becomes smaller, and thus the Wipe-In/Cut effect is realized.

As described above, various effects such as Cut-In/Out,
Fade-In/Out, Wipe--n/Out, and Scrolling may be realizecd using
corresponding scripts, andtherefere it ispossible tomake various
arrangements in rendering the sudbtitles.

Constraints for realizing the above effects are as follows.
In order tc realize the Scrolling effect, operations for clearing
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and redrawing of the Window becomes necessary. Takingthe example
of FIG.15, it is necessary to perform “window clear” to erase the
Graphics Object “Credits:” at the t32 from the Graphics P.ane,
and then to perform “window redraw” to write a lower part of
“Credits:” and an upper part of “Company” to the Graphics Plane
during an interval betweenthet32andt33. Giventhatthe interval
is the same as an interval of video frames, & transfer rate between
the Object Buffer and the Grapnics Planedesirable forthe Scrolling
effect pecomes an important point.

Yere, a constraint about how Large the Windowmay be is 1ooked
into. An Rc is the transfer rate between the Object Buifer anc
“he Graphics Plane. A worst scenario here is to perform both of
tne Window clear and Windecw redraw at the rate Rc. 1In this case,
eachoftheWindowclear andWindowredrawisreguireca-obeperformed
at a rate half of Rc (Rc/2).

In order to make <the Window clear and Window redraw

syncnronized with a video frame, an equation below is need to be

h

satisfied.
Window size x Frame Rate = Rc/2
If ~he Frame Rate is 29.97, Rc is expressed by an eguation
below.

~

Rc = Window size x 2 x29.87

In rendering “he subtitles, the Window size acccocunts forx
at least 25% to 33% of the Graphics Plane. A total number of pixels
‘ntheGraphics Planeis 1920x108C. Takingthatarn indexbit length
per pixel s 8 bits, a total capacity of the Graphics Plane 1s
2 Mbytes (=1920x1080x8).

Taking that the Window size is 1/4 of the total capacity
of the Gravhics Plane, the Window size becomes 50C Kbytes (=2 Mbytes

/4y. By substituting this value to the above eguation, Rc Ls
- 14
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calculated to be 256 Mbps (=500 Kbytes x 2x29.97). IZf the rate
for the Window clear and Window redraw may pe & nalf or a guarter
of the frame rate, it is possible to double or quadruple tne size

the Window evern 1f the Rc 1s the same.

Hh

o

By keeping the Window size 25% to 33% cf the Graphics Plane
and displaying the suptitles at the transier rate of Z56 Mbrs,
it is possible to maintain the sync display petween the graphics
and the movie picture, no matter what kind of display effect is
to be realized.

Next, theposition, size, andareaof theWindowareexplained.
As explained above, the position and area of the Window does not

hange ir one Epoch. The pcsition and the size of the Window set

Q

to be “re same during one Epoch because it 1s necessary tc change
a target write address of the Graphics Plane if the position and

the size change, and changing the address causes an overhead tha

ct

0

lowers the transfer rate from the Object Buffer to the Graphic
Plane.

A number of Gravhics Objects per Window has a Zimitatlon.
The _imitation of the number is provided in order tc reduce the
overhead in transferring decoded Graphics Object. The overhead
here is generatedwhen setting the address of anedge 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 Grapnics Objects and another example in which
2 Window has two Graphics ObZects. The number of the edges of

the example with four Graphics Objects is twofold oI the number

of “he 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
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transferring the Graphics, and thus the load for the transfer
increases and decreases drastically. On the other hand, when a
maximumnumberof heGYapblc:Ob]ec:L naWindowistwo, the transfer
ratemay be set taking up to 4 overhead into account. Accozdingly,
it is easier to set the number of a minimum transfer rate.
Next, an explanation about how the DS having the PCS and
ODS is assignec to the timeline of the AVClip. The Zpoch is a
period of time in which a memory management is consecutive alon
the reproduction Timeline. Since the Ipoch is made of more than
one DS, now to assign the DS to the reproduction timeline of the
AVClip is important. The reproduction timeline of the AVClip is
a timeline for specifying timings for decoding and reprocucing
of each piece of picture data that constitute The vicdeo stiream

multiplexed to the AVClip. The decoding and reprcducing timings

on the reproductiorn timeline are expressed at an accuracy of 90
K=Zz. A DTS and PTS that are attached to the 2CS and ODS in the
DS indicate timings Zor a synchronic control on the reproduction
tireline. The assigning of the Display Set to the reproduction
“imeline means perforrming the synchronic control using the DTS
and PTS attached tc the PCS and ODS.

First, how the synchronic control is pverformed using the
DTS and PTS attached o 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 nas
a certain length of time. ZIn response to a reguest Ior clearly
indicatingastartingpointandarendingpoint of adecodeduraticn,
+he DTS and PTS of the ODS respectively indicate the times when

the decoding starts and ends.
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The value of the PTS indicates the deadline, and therefore
i= is necessary that the decoding o the ODS has to be comp_eted
by the time indicated by the PTS and the decompressed Grapnics
Object is writter to the Object Buifer on the reproduction
arparacus.

The decode starting time of any ODS3 in & DSn is indicated
by a DTS(DSn[0DS}) at the accuracy of 9C KEz. Adding & maximum
length of the decode duration to the DTS (DSn[ODS]) is the time
when the decoding of the ODS3 ends.

When a size of the 0287 is “SIZE(DSn[ODSjl)" and a decoding
rate of “ne ODS is an “Rd”, the maximum time required for deccding
irdicated by second is expressed in “SIZE(DSn[ODSj]}//Rd”. The
symbol “//” indicates an operator for a division with rounding
up after a decimal place.

By converting themaximum time pericd into a numper expressed
at the accuracy of 90 KHz and adding to the DTS of the ODSZ, the
time when the decoding ends (90 KHz) indicated by the PTS is
calculated.

The PTS of the ODS7 in the DSn is expressed in a following

eguation.

tg

TS (DSn[CODS3])= DTS (DSn[ODS3])+9C,000x (STZE (DSn[0ODSI ) //Rd)

Fur-her, it 1s necessary that a relation between =two
succeeding 02S, ODSJ and ODSj+1, satisfies a following equation.
DTS (DSn [ODS5 ] )SDTS(DSn{0ODSy+1.)

Next, settings of the DTS and PTS of the PCS are explained.

It is necessary that the PCS is loaded tc the Object Bufler
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 (PDS1) in the DSn becomes
effective. Accordingly, it is necessary that the DTS is set so
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as to satisfy following eguations.
DTS (DSn[PCS])SDTS(DSn[ODSL])
DTS(DSn[PCS])SPTS(DSn[EDSl])

Turther, the 2TS of the PCS in the DSn is expressec in a
following eguation.

PTS (DSn[PCS!)2DTS (DSn[PCS]) +decodeduration (DSn)

The “decodeduration (DSn)” indicates a time duration for
decodingall theGraphicsObjectsusedforupdating2CS. Thedecode
duration is not a fixed value, but does not vary according tc a
status of the reproduction apparatus and a device or a soitware
mounted to the reproduction apparatus. When the Object usec Zor
composing a screen of a DSn.2CSn is a DSn.PCSn.0ORJ 2], <the
decodeduration (DSn) is affected by time (1) needec for ciearing
tne Window, decode durations (ii) for decoding a DSn.PCSn.03J,
and time (iii) needed for writing of the DSn.PCSn.0OBJ. Wher the
Rd and Rc are set, the decode duration(DSn) is always tne sanme.
Therefore, the PTS is calculated by calculating lengths of these
duraticns in authoring.

The calculation of the decode duration is performed based

IGs.19, 20A and 203 are flowcharts

ti]

on a program shown in FIG.18.
schematically showing elgorithms of the program. An explanation
about the calculation of the decode duration is gilven below
referring to these drawings. In the flowchart shown in FIG.19,
First, a PLANEINITIALZE function is called (Step SI in FIG.19).
The PLANEINITIALZE function is used for calling a functlon for
calculating a time period necessary to initialize the Graphics
Plane for rendering the DS. Inthe Step S1 in FIG.19, the function
iscalledwithargumentsDSn, DSn.PCS.0BJ[0], anddecode_duration.

The Zfollowing explains the PLANEINITIALZE function in

reference to FIG.20A. In the drawing, initialize duraticn is a
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variable indicating a returnvalue of the PLANEINITIALZE function.

|_L

o]
B
h
m
prs
[A}]
ct

Step S2 in FIG.20is a tement 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
Star% (DSn.PCS.page state==epoch_startc, Step S2=VYes in FIG.18),
z time periocd necessary tc clear the Graphics Plane is.set Lo an
initialize duration (Step S3).

When tne transfer rate Rc between the Object Buffer and the
Gravhics Plane is 256;000,000 as described in the above, and the
total sizeof the GraphicsPlane isset tovideo width*video height

A

the time pericd necessary to clear is
“video_width*video_height//256,000,000". When multiplied by
9C.0004z so as <o express at the time accuracy of PTS, the time
perioc necessary to clear the Grapnics Plane is

“90,000xvidec_width*video_heignt//256,0200,000”. This time

on.

T

m

period is added to the initialize dur
£ the page state does not indicate the IZpoch Start (Step
S2=No), a time period necessary to clear Window[i] deZined by the

) .

When the transfer rate Rcbetween the Object Buffer and the Grapnics

WDS is added to the initialize duration for all Wincows (Step S

e~

Dlane is 256,00C,000 as descriped in the zbove and a total size
of Wincdow[i] that belongs to the WDS is ) SIZE(WDS.WIN[i]), the

time vericd necessary to clear is
“WS'SIZE (WDS.WIN([i])//256,0C0,000”. When multiplied by 80.000Hz
so as to express at the time accuracy of PTS, the time pericd
necessary to clear the Windows that belong to the WDS is
“90,000xYSIZE (WDS.WIN[i])//256,000,000”. This time period is
added to the initialize duration, anc the initiaiize duration as
a result is returned. The above is the PLANEINITIALZE functioen.

Step S5 in FIG.19 for switching operations depending on
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whether the number of the Graphics ObJjects in the DSn is 2 or 1
[if(DSn.PCS.nur_of object==Z, 1f(DSn.PCS.num_of oblect==1 in

-
!

FIG.18),andifthenumberisé(StepSS),awaitingtimefordecoding
the Graphics Object is added to the decode_duration (Step So).
Czlctlation of the waiting %“ime is performed by caliing a WAIT
function (decode_curation +=WAIT (DSn, DS.PCS.0ORJ[0Q:,
decode duration) in FIG.18). The function is called using

argumentssettoDSn,DSn.PCS.OBJ[O},decode_duration,andareturn

value is walt _duration.

txf

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

In the flowchart, the decode duration of an invoker is set
as a current duration. An object_definition ready_time is a
variable set to the PTS of the Graphics Obiect of the DS.

A curren:t time s a variable set to a total value of the
current duration and the DTS of the PCS in the DSn. When <he
object_definition_ready_timeislargerthanthecurrent_time(Yes
toStepS7, if (current time<object definition ready_time)), the

wait duration as the returnvalue is set tooe a difference between

+

the object definition_ready_time and the current_tire (Step S8,

c

wait duration += obiect _definition ready_time - current_timej.
The decode_duration is set to the time period that the returnvalue
of the WAIT function added to the time period nrecessary forx
re-drawing %the Window, (90,000 * (SIZz(DSn.WDS.WIN[O])) //

256,000,000).

D

The above explianation is for the case in which the number
of the Graphics Object is one. In Step S5 in FIG.5, it is judged
if the number of the Graphics Objects 1s two. If the number oI
the Graphics Objects in the DSn 1s more than two

(1f£(DSn.PCS.num_of object==2) in FIG.18), the WAIT function is
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called using OBJ{0] in the PCS as an argument, and add & return
value to the decode duration (Step S10).

“n a succeeding Step S11, it is judged if the Window to which
“he OBJ[0] of the DSn belongs is the same as the Window to which

th

0]

Graphics Object 1. bpelongs (if(DSn.COBJ[0]. window_ic==
DSn.PCS.0OBJ[1l].windeow_2d). IZI the Windcw is the same, the WAIT
function is called using ORJ[1] as an argument, and acd a return
valus wait_duration to the decode duration (Step S1Z), anc add
“ne time necessary to redraw the Window to which OBJIC] belong
(90,000 = (SIZE (DSn.WDS.OBJ.C). window 1d))//256,000,00CC) to che
decode auration (Step S13).

I7 it Zs judged that the Windows are different (Step S11,
“different”), “he time necessary to redraw the Window 1s added
o whicn O0ORJ[0] ©belong (90,00C * (SIZE (DPSn.WDS.OBJ[O:.
window id))//256,000,000) to the decode_duration (Step 813), the
WAIT functiorn is called using CBJ{1l] as an argument, and add a
return value wait duration to the decode_duration (Step §16), and
the time necessary to redraw the Window to which OBJ[1l] belong
(20,000 * (SIZE(DSn.WDS.0BJIJ]. window_id)) // 256,00C,CC0C) tothe
decode duration (Step S17).

The decode duration is calculated by the above algorithm.
A specific menner in which the PTS of the OCS is set is explained
pelow.

FIG.21A illustrates a case in which one ODS is included in

one Window. FIGs.21B and 21C are timing charts showing values

1

in an order of “ime that are referred Lo in 7IG.18. A bottom Line

ch

M

“ODS Decode” and a middle line “Graphics Plane Access” in e
chart indicate two operations that are performed simultaneously
when reporoducing. The above algorithm is described assuming that
these two operations are performed in parallel.
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The Graphics Plane Access incluaes a clearing periocd (1)
and a write period (3). The clearing period (1) indicates either
a time period necessary €O clear an entire Graphics Plane
(90,000x (size of Graphics Plane //256,000,C00)), or a time veriod
necessary to clear all Windows on the Graphics Plane
(Y (90,000x% (size of Window [1] //256,00C,000)}.

The write -period (3) indicates a time period necessary to
render an entire Window (90,000x (size o©of Window (i’
//256,0300,000)) .

Further, a decode period (2) incdicates a time period between
the DTS and the PTS of the ODS.

Lengths of the clearing pveriod (1), the deccde peried (2},
and thewritepericd (3) may vary depending on a range tobe cleared,
a size of ODS to pe decoded, anc a size ¢ the Gravhics Object
Zo be written to the Grapnics Plane. For convenience, a starting
poinﬁ cf zhe decode pericd {(2) in the drawing Is the same as a
starting voint of the clearing pericd (1).

FIG.21B illustrates a case in which the decode veriod (2)
is long, and the decode duration eguals to & total of the decode
period (2) and the write period (3).

FIG.21C illustrates & case in which the clearing veriod (1)
is long, and the decode_duration equals to a total of the clearing
period (1) and the write period (3).

FIGs.22RAto22Cillustratea case inwhich two ODS is includecd
in one Window. The decode period (2) in both FIGs.22B and 22C
indicates a total time period necessary for decoding two Grapvhics.
Likewise, the write period (3) indicates a total time pericd
necessary for writing two Graphics to the Graphics Plane.

Even though the number of ODS is two, 1t is possible to
calculate the decode duration in the same manner as in the case
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of FIG.21. When the decode pericd (3) for decoding the two CODS
i1s long, the decode durationeguals tc a total of the decode period
(2) and the write period (3) as shown in TIG.22B.

When the clearing period (1) is long, the deccde duration
equals tc & total of the clearing period (1) and the write pericd
(3).

T7IG.23Adescribesacaseinwhicheachof twoWindows incluades
arn. ODS. As in the previous cases, when the clearing cerxioa (1)
s longer than the decode period (3) for decoding the two 0DS,
the decode _duration ecuals to a total of the clearing vexiod (1)
and the decode periocd (2). However, when the clearing period (1)
is shorter than the decode pericd (3), it is possible to write
to a first Window before the decode periocd (2) ends. Accorcingly,
the decode duration does not equai to either of a total of the
clearing period (1) and the write peried (3), or a total of the
decode veriod (2) and the write period (3).

When a time period necessary for deccding a first ODS 1is
& write period (31) and a time period necessary for decoding &
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) ard the write period (31). In this case, the
decode_duration equals to a total of the decode period (2) and
the write period (32).

FIG.23C illustrates a case in which a total of the clearing
period (1) and the write pericc (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 pericd (31), and the write
period (32).

The size of the Grapnics Plane is known from a model of the

reproduction apparatus in advance. Also, the size of the Window,
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and the size and.numbe:ﬁof the ODS are also known at the authoring.
AccordingLy, it is possible to £ind to which combination of time
periods the decode_duration equals: the clearing period (1) and
the write period (3), the decode period (2) and the write perioc
(3), thedecodeperiod (2) andthewriteperiod (32), or the clearing
period (1), the write pericd (3) and the write period (32).

By setting the PTS of the 0DS based on the caictlation of
the decode duration explained above, 1t 1s possible to
synchronouslydisplayfhegraphicswiththepicturedataataahigh
accuracy. Sucha syncdisplayatahighaccuracybecones possible
by definingtheWindowandlimitinganareatore-cdrawtctheWindow.
Thus, introducing a concept of Window intcanauthoringenvizonment
has a great significance.

The following is an explanation about settings of the DIS
and PTS of the WDS in the 28n. The DTS of the WDS may be set so
as to satisiy an equation below.

DTS (DSn[WDS? ) 2DTS (DSn[PCS])
On the other hand, the 0TS of the WDS in the DSn indicates

a deadline to start writing <o the Grapnhics Plare. 3ecause 1

ct

is sufficient to write to the Window on the Graphics Plane, the
time to start writing to the Graphics Plane Is cetermined py
subtracting a time Zength indicated by the PTS of the 2CS from
a time period necessary for writing the WDS. When & tota’ size
of the WDS is $SIZE(WDS.WIN[i]), the Time necessary for clearing
and re-drawing is “WSIZZ(WDS.WIN[i])//256,000,000”. When
expressing at a time accuracy of 90.000 KEz, the time is
“90, 000xYSIZE (WDS.WIN[i])//256,00C,000".

Accordingly, it is possible to calculate the PTS of the WDS
oy the following equation.
TS (DSniWDS) )=
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PTS (DS [PCS])~-90000xySIZE (WDS.WIN[L ) //256,000,000

ThePTS indicatedintheWDSisthedeadline, andit ispossible
to start writing to the.Graphics Plane earliier than the PTS. In
otherwords, as snown inFIG.23, cncedecoding the ODS tobe rendered
in one of the Windows, writing of the Graphics Object obtainec
oy the decoding may start act this point.

As described above, it is possible to assign the Window to
any point of time on the reproduction timeline of the AVClip using
the DTS and PTS added to the WDS.

Explanations about an example of settings of the DIS and

PTS inaDisplay Set basedon the settings aregive below, referring

j8)]

to specific example Zllustrated in FIGs.Z4-25. The example is
about a case in which subtitles are displayed by writing tc the
Graphics Plane four times, andanupdateisperformed fordisplaying
each of two subtitles “what iIs Dblu-ray.” and “plu-ray 1is
everywhere.” FIG.24 illustrates shifts in time of the upcate in
the example. Until a point tl, “what” is displayed, and “what
is” isdisvlayedafter thetl till a t2, and then “what isbliu-ray.”
is cdisvlayed at a £t3. After a whole sentence of a Zirst subtitle
has appeared, a second subtitle “plu-ray is everywhere.” is
displayed at a t4.

TIG.253A i1llustrates Zour Display Sets that are described
so as to perform the above explained update. A DSI1 includes a
PCS1.2 for controlling an update at the tl, a PDSLI Zor coloring,
an ODSL corresponding to the subtitle “what is blu-ray.”, and an
END as an ending code of the DSI.

A DS2 incliudes a 2CSL.2 for contreclling 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
update at the ©2, a PDS2 for color conversion, an ODS2 corresponding
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to the subtitle “blu-ray is everywhere.”, anc an END.

Referring o a timing chart in FIG.258, settings of DTS and
PTS for each functional segment in the four Dispiay Sets are
expialned.

The reproduction timeline in the timing chart is the same
as the timeline in FIG.24. In the timing chart o: FIG.25A,
PTS(PCSL.1), PTS(PCS1.Z), PTS8(2CS8l.3), ana PTS(PCS2) are
respectively set at a display voint tl for dispvlaying “what”, a
display point t2 for displaying “what 1s”, a display point t3 Zor
dispvlaying“whatisbiu-ray.”, ancdadispiaypointté foraisrlaying
“pblue-rzay 1s everywhere.”. Zach PTS are set as above, because
it i1s necessary that the contrel such as crepping described in
each PCS is perxformed at the display point of each subtitle.

PTS(0ODS1) and PTS(0ODSZ) are set so as to incdicate points
thatarecalculatedbysubtracti:gdecode*durationfromtheéoints
indicated by PTS(PCSl;l) and PTS(PCSZ), respectively, because
PTS(PCS) 1s recuired to ke set sc as to satisfy a formula below.

PTS(DSn[PCS])2DTS (DSn[PCS] ) +~decodeduration (DSn)

LS

In

trg
O]

IG.23B, PIS(CDS2) is set so as teo indicate a point £3
that comesbeforethevoint £4, anc PTS (ODS1) isset scasto indicate
a point tO0 that comes before the point tl.

DTS (0DSL) and DTS (0ODS2) are set so as to indicate points
that are caiculatedby subtracting decode duration fromthe points
indicated by PTS(ODSL) and PTS(0DS2), respectively, because
DTS (ODS) is reguired o be set so as to satisfy an equation below.
PTS(DSTODS] ] )=DTS(DSn[0DS3])+S80,000x (SIZE(DSn[ODS3])//Rd)

In FIG.25B, PTS(0ODS2) is set so as to indicate the point
t5 that comes before the point t0, and PTS(0DS1) is set so as to
indicate a point that comes before the point t0. A zrelation

indicated by DTS (0DS2)=PTS(0DS1l) is satisfied here.
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Say

By setting a PTS of an CDS immediately after a PTS oIl a
precedingODSTxnbedispiayedearlier,thereproductionapparatus
performs an operation in which the 0DS is read out to the memory
so as to overwrite the preceding ODS, and thus it is possible that
the reproduction process is performed oy a small size of memory.
By realizing such a reproduction process, choices for a memory
size for a reproduction apparatus become wider.

The DTS of PCS-.1 is se= so as to be DIS(PCS1.1)=DTS (0ODSL),
because the value for =he DTS of PCS1.. may be any point before
the point indicated by DTS(CDSI1).

"he PTS of ODS-, =he DTS of 0DS2, and the PTS of the PCS1.2,
PCS1.3, and PCS2 are set at thepoint t0, soas to satisfyarelation
indicated by an egquation below.
PTS(ODSl)=DTS(ODSQ)=PTS(PCSI.2)=PTS(PCSl.3)=PTS(PCSZ)

This is because the value for the DIS of PCSL.2 and PCS1.3
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 oy
DTS (PCS2; .

As explained above, it is possible to perform update of a
succeeding?CSassoonastheupdatingofapreviousPCSiscomp;eted,
by reading out meore than one PCS at the sane time.

Tt is sufficient that the DTS and PTS of PCS and the DTS
and 2TS of ODS satisfy the relations indicated by the formulae
above. Accordingly, it becomes possible that the values are set
to be DTS (0ODS2)=PTS (0OCS1) or PTS (ODS1)=DTS(CD32)=
DTS (PCS..2)=PTS(PCS1.3)=DTS(PCS2). By such se-tings for time
stamps, it is possible <o adjust time length of a perioad in which
load in decoding increases or more buffers are needed. Such
adjustment expands possipility of tne controls during the
reproduction, and advantageous for those who perform authoring
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or manufacture reproducing apparatuses.

Dztz structures cf the Display Sets (PCS, WDS, PDS, 0ODS)
explained above is an instance of the class structure described
in a programming language. Producers that perform authoring may
obtain the data structures on the BD- RON oy describing the class
structure according to the syntax provided in’ the Blu-ray Disc
Prerecoracing Format.

Next, a opractical example of a reproduction apparatus
according to the presént invention is explained below. FIG.26
illustrates an internal structure of the reproducticn apparatus
according to the present invention. The reprecduction apparatus
according to the present invention is industrially produced based
on the internal sTructure shown in the drawing. The reproducticn
apparatus according to the present invention ismainly structured
by three parts: a system LSI, a drive device, and a microcomputer

system, and it ispcssible toindustriallyproduce the reproduction

[\)}
‘g
'U
[\}}
=
V]
ct
(e
[0}
O
L
3

ounting the three parts to a cabinet and a suostrate
0of the apparatus. The systemLSI isanintegratedcircult inwnich
various processing units for carrying out a function oI the
reproduction apparatus are integrated. The reproduction
apparatus manufactured in the above manner comprises a BD drive
1, a Read Buffer 2, a PID filter 3, Transport Buffers 4a-ic, a
veripheral circult 4d, a Video Decodex 5, a Videc Plane 6, an Audio
Decoder 7, a Graphics Plane 8, a CLUT unit 9, ar adder 10, a Graphic
Decoder 12, a Coded Data Buffer 13, a peripheral circuit 13a, a
Stream Graphics Processor 14, an Obfect Buffer 15, a Composition
Buffer 16, and a Graphical Controller 17.

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

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

The PID filter 3 filters more tharn one TS packet outputted
from the Read Buffer 2. The filtering by the PID filter 3 is to
write the only T8 packets having a desired PID to the Transport
Buffers 4a-4c. Ruffering is not necessary for the filtering by
the PID filter 3, and accordingly, the TS packets inputted to the
PID filter 3 are wri-=ten to the Transport Buffers 4a-4c without
delay.

The Transport Ruffers da-4c are for storing the TS packets
outputted from the PID filter 3 in a first-in first-out order.
A speed at which the TS packets Ifrom tne Transport Buffers 4a-4c
are outputtied is a speed RX.

The peripheral circuit 4d is a wired logic for converting
the TSvackets read fromthe Transport Buffers da-4cintofunctional
segrents. The functional segments obtained by the conversion are
stored in the Coded Data Buffer 13.

The Video Decoder 5 decodes the more than one TS packets
outputied from the PID filter 3 into a deconpressea picture and
writes to “he Video Plane ©.

The Videc Plane 6 is z plane memory for a moving picture.

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

The Graphics Plane 8 is a plane memory having an area for

O
3
)

one screen, and is able o store decompressed graphics for
screen.

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

The adder 10 multipliies the decompressed Graphics to which

the color conversion has been perZformed by the CLUT unit 9 by the
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T value (Transparency) indicated by the PDS, adds tne decomposed
picture data stored in the Video Plane per pixel, then obtains
and outouts the composed image.

The Graphics Decoder 12 decodes the Graphics Streamto obtain
~he decomposed graphics, and writes the decomposed grapnics as
the Graphics Objec: to the Graphics Plane 8. By decoding the
Graphics Stream, the subtitles and menus appear on the screen.
The Graphics Deccder 12 includes the Coded Data Buffer 13, tne
perivheral circuilt 13a, the Stream Graphics Processor 14, the
Okbject Buffer 15, the Compdsition Ruffer 16, and the Graphical
Controller 17.

The Coded Data Buffer 13 is a buffer in which the functiocnal
segment 1s stored along with the DTS and 2TS. The functiona.
segment is obtained by removing a TS packet header and a PZS 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 correspondenée between The PES
packets.

The veripheral circuit 13a is a wirec logic that realizes
a transfer petween 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 transier cperaticn, when a
current time is a time -lndicated by the DTS of the ODS, the ODS
ig -ransferred fromthe Coded Data Buffer 13 to the Stream Graphics
Processor 1l4. 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
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as the Graphics Object to the Cblect Buffer 15. The cecoding 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 corresponding to the ODS. The decoding rate Rd of the
Graphics Okject is an output rate of the Stream Grapnics Processcxr
14,

The Obiect Buffer 15 is a buffer corresponding to a pixel
ouffer in —he ETSI EN 300 743 s:tandard, and the Grapnics Oblect
obtained by the decode that the Stream Graphics Processor 14

performs i1s dispcsed. The Object Buffer 15 needs to be set to

rice or four times as larce as the Gravhics Plane 8, because in
] - 4

ct
=,

Q

P ,

case the Scrolling effect is performed, the Object Buffer 13 needs
to store the Graphics Obiect that is twice or Zour times as large
as the Graphics Plane.

The Compcsition Buffer 16 is a memory in wnich the 2CS and

PDS zre dlsposed.

The Gravhical Controller 17 decodes the PCS disposed in the
Composition Buffer 16, and performs a control based on the PCS.
A timing for performing the contreol is based on the PTS attachec
tc the PCS.

Next, recommended values for the transfer rate and pufier

51

[
N

e for structuring the PID filter 3, Transport Buffer 4da-‘c,

ot
8]

Graphics Plane 8, CULT unit 9, Coded Data Buffer 3, and Gravhical
Controllerl7areexplained., FIG.27illustratessizesof thewrite
rates Rx, Rc, and Rd, Graphics Plane 8, Coded Data Buffer 13, Object
Buffer 13, 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 of the present embodiment, and calculated as 256Mb

‘g

S
(=500 Kbytes x 29.97 x 2) from the window size and the frame rate.
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Unlike the Rc, the transfer rate Rd (Pixel Decoding Rate)
between the Stream Graphics Processor 14 and Opject Buffer 15 does
‘mot need to be updated‘every video frame cycle, and 1/2 or 1/4
of the Rc is sufficient for the Rd. ccordingly, the Rd is either
128 Mbps or 64 Mbps.

The Transport Buffer Leak Rate Rx between the Transport

z

3uffer 4a-4c and Coded Data Buffer 13 is a transfer rate of the

@]

DS

-

r a compressed state. Accordingly, the transier rate Rd
multiplied by the compression rate is sufficient Zor the Transport
3uffer leak rate Rx. Given the compression rate of the 0DS 1is

25%, 16 Mbps (=064 Mo

'

s x 25%) 1s sufficient.

The transfer rates and buffer sizes shown in the drawing
are the minimunr stendard, and it is alsc pessible to set at nhigher
rates and larger sizes.

In the above structured revroduction apparatus, each
elerments perform a decoding operation in a pipeline structure.

FIG.28 is a timing chart iilustrating a pipeline processing
by the reproduction apparatus. ASthrowinthedrawingisaldispiay
Set in the 2D-ROM, a 4th row shows reac periods Zrom the PCS, WS,
PDS, and 0DS to the Coded Data Buffer 13. A 3rd row shows decode
periods of each ODS by the Stream Graphics Processor 14. A Ist
row shows operations that the Graphical Controller 17 performs.

The DTS (decoce starting time) attached to the ODSl‘and<3DSZ
indicate =31 and t32 in the drawing, respectively. Because the
decode starting time is set by DTS, each 0DS i1s reguired to pe
read out to the Coded Data 3uffer 13. Accordingly, the reading
of the 0DS1 is completed before a decode period dpl in which the
ODS1 is decoded to the Coded Data Buffer 13. Also, the reading
of the 0ODS2 is completed before a decode period dp2 in which the
ODS2 is decoded to the Coded Data Buffer 13.
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On the other nand, the 2TS (decode ending time) attached
totheCDS1and0DS2 indicatet3Z2andt33 inthedrawing, respectively.
DecodingoftheODSlbytheStreamGraphicsProcessorléiscompleted
by =ne t32, anddecodingof the ODS2 is complieted by a time indicated
by the £33. 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 0DS read to the Coded Data
Buffer 13 by the <ime the PTS of the ODS indicates, and write the
decoded ODS to the Object 3uffer 15.

A period cdl at the 1st row in the drawing indicates a peried
necessary for the Graphics Controller 17 to clear the Graphics
®lane. Also, a perioc tdl indicates a period necessary tTo write
the Graphics Object cbtained on the Object 3uffer tc the Grapnics
Plane 8. TheP7Scf:theWDSinaicates:thedeadlinetostartwriting,
and the PTS of the PCS indicates ending c¢f 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 Flane 8.

After the CLUT unit 9 performs the co_or conversion of the
decompressed graphics and the adder L0 performs compositicon of
the decomposed graphics and a decomposed picture storea In the
Videc Plane 6, a compcsite image is obtained.

In the Graphics Decoder 12, the Stream Graphics Processor
14 perZorms decoding continuously while the Graphics Controller
17 performs clearingof the Graphics Plane 8. Bytheabovepipeline
processing, it is possible to perform a prompt display of the
graphics.

In FIG.28, a case inwhich the clearing of the Graphics Plan

]

w

endsbeforecompletingthedecodingoftheODS isexplained. FIG.2
illustrates a timing chart in a pipeline processing of & case in
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whichthedecodingoftheODSendsbeforetheclearingof the Graphics
Plane is completed. In this case, 1t is not possible to write
to the Grapnics Plane at a time of completion of the cecoding of
the ODS. Wnen the clearing of the Grapnics Plane i1is completed,
i+ becomes possible to write the gravhics obtained by the deccde
tc the Grapnics Plane.

Next, how the controlling unit 20 and the Gravnics Decoder
.2 are imp_emented is explained below. The controlling unit 20
is implemented by writing a program performing an operation shown
in FIG.3C, and having a general CPU execute the program. The
operation performed by the contreclling unit 20 is explained by
referring to FIG.30.

TIG.301sa flowchart showingaprocess of a loading operation
of the functional segmnent. Intheflowchart, SegmentKisavariable
indicating each of Segments (2CS, WCS, PDS, and ODS) that is read
out inreproducingthe AVClip. Anignoreflagisaflagtodetermine
if the SegmentX is Zgnored or _oaded. The flowchart has a loop
structure, in wnich first the ignore flag is initialized te C and
“hen Steps 521-524 and Steps S27-S3% are repveated for each SegmentX
(Step S25 and Step 529).

Step S21 is for judging if the SegmentX is the 2CS, and if
the SegmentK is the PCS, Zudgments in Step S2Z7 and Step S28 are
periormed.

Step S22 is for judging if the ignore Zlag is 0. If the
‘gnore flag is C, the operationmoves to Step 523, and if the ignore
flag is 1, the operation moves to Step S24. If the ignore flag
is O (Yes in Step S22), the SegmentK is loaded to the Ccdec Data
Buffer 13 in Step S23.

If the ignocre flag is 1 (No in Step S22), the SegmentK is
ignored in Step S24. 3y thils, the rest of all functional segments
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that belong to the DS are ignored because Step S22 is No (Step

1o

S24) .

Asexplainedabovg,whethertheSegmentKisignoredorloaded
is de-ermined by the ignore f£lag. Steps S27-531, S34, and S35
are steps for setting the ignore flag.

Tn Steo S27, it is judged if segmet_type of tne SegmentK
istheAcquisitionPoint. IftheSegmentKistheAcguisitionPoint,
“he operation moves to Step S28, ana if the SegmentK is elther
the Epocn Start or Normal Case, then the operation moves to Step

=

In Stevp S28, it is judged if a preceding DS exists in any

‘g

0% the puffers in the Graphics Decoder 12 (the coded data puffer

o

13, streamgraphics processor 14, cbject buffer 15, and composit

1=-

o

3

bu

I

fer 16). The judgment in Step S28 is made whern the judgment
in Step $27 is Yes. A case in which a preceding DS does not exist
in “he Graphics Decoder 12 indicates a case in which the skip
operation is performed. In this case, the display starts Zrom
the DS that is the Acquisition Point, and therefore the operation
moves to Steo $30 (No in Step S28). In Step 830, the gnore f.iag
is set to C and the operation 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.

Tn this case, the operation moves to Step S29 (Yes in Ste

'g

3528) .
In Step S29, the ignore flag is set to 1 and the operation moves
to Stepr S22.

In Step S31, it is judged if segment type oI the PCS is the
Normal Case. If the 2CS is the Normal Case, the cperation moves
to Step $34, and if the PCS is the Epoch Start, then the ignore
flag is set to 0 in Step S30.

In Step S$34, like in Step S28, it is judged if a preceding
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DS exists in any of the buffers in the Graphics Decoder 12. If
the preceding DS exists, the ignore flac is set tc 0 (Step S30).
If the preceding DS does not exist, i1t is not possible to obtain
sufficient functional segments to compose an interactive screen
and the ignore flag is set to 1 (Step S35).

By settingthe ignore flagin the abovemanner, the functiocnal
segments that constitute the Normal Case are ignored when the
preceding DS does net exit in the Graphics Decoder 12.

Taking an exampie of a case in which the DS is multiplexed
as shown in FIG.31, 2 manner how the reading of the DS is performec
is expiained. In the example of FIG.31, three DS arenmultiplexed
with a moving picture. The segment type of a DSI1 is Epocn Start,
the segment tyce of a DS10 is Acquisition Point, and the
segment type of a DS20 is Normal Case.

Given that, in an AVClip in which the three DS and the moving
cicture are multiplexed, a skip operation to a picture aata otlD
as shown py an arrow anlis pverformed, the DS10 is the closest to
a skioping target, and therefore the DS10 is the DS described 1
the flowchart in FIG.30. Althcough the segment type is judged <o
be the Acquisition Poirt in Step S27, the ignore flag is set o
C because no preceding DS exists in the Coded Data Buffer 13, and
the DS1C is loaded to the Coced Data Buffer 13 of the reproduction
apparatus as shown by an arrcw mdl in FIG.32. On the other handg,

in a case in which the skipping target is after the DS10 (an arrow

B3|

am2 in FIG.32), the DS20 is tobe ignored because the DS20 1s Normal
Cése Display Set and DS20 because a preceding DS does not exist
in the Coded Data Buffer 13 (an arrow md2 in 7IG.3Z).

FIG.33 illustrates loading of the DS1, DS10, and DS20 in
& normal reproduction. The DS1 whose segment type oI the PCS is

the Epoch Start is loaded to the Cocded Data Buffer 13 as it is
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(Step S23). However, because the igncore Zlag of tne DS10 whose
segment type of the PCS is the Acquisition Point is set to 1l (Step
S29), the functional segments that constitute the DS10 are ignored
and not l1caded to tne Coded Data Buffer _3 (an arrow rdl in rlG. 34,
arnd Step S24) . Further, theDS20 is loadec tc the Codec Data Buffer
13, because the segment type of the PCS o the DSZ0 is the Normal
Case (an arrow rd3 in FIG.34).

Next, operationsbytheGravhicalContrcller 17 areexplained.
FIGS.35—37illustrateéflowchartshowingtheoperationsperformed
by the Graphical Controller 17.

Steps S41-844 are steps for a main routine of the flowchar:

and wailts for any of events prescribed in Steps S41-544 occuzrs.

1=

Step S41 is te Zudge if a current reproducing time is a time

~

indicated by the DTS of the PCS, and if the judging is Yes, then

an operatiorn in Steps S45-553 is performed.

Step S45 is to judge if the compcsition state of the OCS
istheepoch start, andif judgedtobetheepoch_ start, theCGraphics
Plane 8 1s al. cleared in Step S46. If judged tec be other than
the epocn_start, the Window indicated by the
window horizontal peosition, window_vertical vosition,
window width, and window_height of the WDS is cleared.

Step S48 is a step performed aZter the clearing performed
in Step S46 or in Step S47, and to Zudge 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, becatse the
clearing of an entire Graphics Plane 8 takes time. Therefore,
in Steps S48, it is judged if the decocing of any ODSx is already
completed by the time the clearing ends. If the judging is No,
the operation returns to the main routine. If the time indicated
oy the PTS of any ODSx has already passed, an operation in Steps
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f-h

S49-851isperformed. InStepsS49, itisjudgédifobject crop fla

(@)

is 0, and if the flag indicates 0, then the Graphics Object is

set to “no display” (Step S50).

n

If the flag is not O in Step S48, then an okbject cropped
based on cbject_cropping horizontal positiorn, object
_cropping vertical position, cropping width, and creopping
_height is written to the Window in the Graphics Plane 8 at the
cosition indicated by object cropping horizontal position and
object croppi g_vertical_position (Step SE1). By the above
operaticn, one ormore Graphics ObTects are rendered in the Window.

In Step 52, it is “udged if the time corresponding tc a 2TS
of another ODSy has passec. Wnen writing the ODSx to the Grarhics
Plene 8, 1f the decoding of the ODSy has already been completed,
then The 0ODSy pecomes 0ODSx (Step S53), and the operation moves

to Step S4°9. By tnils, the operation from Steps S49-S51 is also

performed to another ODS.

wn
ct

Next, by referring <o FIG.3%, ep S4Z and Steps S54-55¢
are explained below.
In Step 42, it is judged 1I the current reproducing point

N

1s at the 2TS of the WDS. If the judging is that the current

t

reproducing point is at the PTS of the WDS, then it is judged if
the number of the Window is one ox not in Step S54. If the jucging
is two, the operation returns o the main routine. If the judging
is one, a loop processing of Steps S55-859 is verformed. In the
loop processing, operations in Steps S55-S58 are performed to each
of the two Grapnhics Object displayed in the Window. In Step S37,
it is judged i1f object crop Zlag indicates 0. If it indicates
0, then the Graphics i1s not displayed (Step S58).

IZ it doesn’t indicate 0, then a cropped cbject based on

ion, object cropping

ot

object crepping horizontal posi
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_vertical position, cropping width, and cropping height is
written to the Window in the Graphics Plane 8 at the positiocn
indicatec by obj ct_cropping horizontal position and
ocbject cropping vertical position (Step S58). By repeating the
above operations, more than one Graphics Object is rendered in
the Window.

In Step S44, it is judged iZ the current reproducing point
is at the PTS of the PDS. IZ the judging is that the current
reproducing point is at “he PTS of the PDS, then it is judged if
pallet update_ flag is one or not in Step S6C. £ the judging is
one, the PDS indicated by pallet id is set in the CLUT unit (Step
S61). If the judging is 0, then Stepr S61 is skipped.

After that, the CLUT unit performs the colcr conversion of
the Graphics Oplect on the Graphics Plane 8 to be combined with
~he moving picture (Step S€2).

Next, by referxing to FIG.37, Step S43 and Steps S64-56¢6
are explained below.

In Step 43, it is “udged 1f the current reproducing point
is at the PTS oZf the 0ODS. If the judging is that the current
reproducing point is at the PTS of the 02S, then it is judged if
the number of the Window is two or not in Step S63. IZf the judging
is one, the operation returns tc the main routine. IZf the judging
is two, operations in Steps S64-S66 are performed. In Step S64,
it is judged if object.crop flag indicates 0. If it indicates
0, then the Graphics is not displayed (Step S63).

I

h

it doesn’t indicate 0 then a cropped object based on
object cropping_horizeontal position, object cropping
_vertical position, cropping_width, and cropping height 1is
written to the Window in the Graphics Plane 8 at the pcsition

indicated by object cropping hoxizontal position and
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oplect cropping vertical position (Step 566). By reveating the
above operations, the Graphics Object is rendered in each Window.

The above expo_anations are about the DTS and PTS of the PCS,
and the DTS énd PTS of the 0DS that pelong tco DSn. The DTS and
PTS of the 2DS, and the DTS and PTS of the END are not explained.
Firs%, the DTSand PTSof the PDthatbelongs totheDSnareexplained.

As for the PDS that belongs to the DSn, it is éufficient
if the PDS is availaple in the CLUT unit © by the PCS is loaded

to the Composition Buffer 16 (DTS (DSn PCS])) after decoding start

th
Fh

point of a £irst ODS (DTS(DSn[ODS1l)). Accordingly, & value of
DTS of each PDS(PDS_-PDSlast) in the DSn is recuired Zo be set
so as tc satisfy the following relations.
DTS (DSn[PCSY)LPTS(DSn [2DS1 )
PTS(DSn[PDSY])SPTS(DSn PDSI+1]1)S>PTS(DSn[PDSlast])
PTS (DSn[PDS as=])<DTS(CSn[ODS1])

Note *ha% the DTS of the 2DS is not referred tec auring the

reproducing, the DTS of the ODS is set to the same value as the

PTS of the PDS in oxder to satisfy the MPEGZ standaxd.

l'l]

ollowing is an explanation about roles of the DTS and PTS
in the pipeline processing of the reproduction apparatus when the
DTS and PLS are set so as to satisfy the apove relations. FIG.38
illustrates the pipeline of the reproduction apparatus based on
tne PTS of the PDS. FIG.38 is pased on FIG.26. A first row in
FIG.38 indicates setting the ODS in the CLUT unit 9. Under the
first rowarethesameas firsttofifthrowsin FIG.26. Thesetting
of the PDS1-PDSlast to the CLUT unit 9 is performed aZter the
transferring the 2CS and WDS and before the decoding cf the ODSI,
and accordingly 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.

n
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As described above, the setting of the PDS is performed in
prior Zo the decoding of the 0ODS.

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, anc accordingly it is necessary that the PTS
0F-he END indicates the decode ending time of the ODS2. The ceccae
ending time is indicated by the PTS(PTS(DSn[ODSLast]&) cf the
0DS2 (ODSlas=), and therefore the PTS of the END is reguired to
be set at a value thaz satisfies an eguation below.

DTS (DSn[END] }=PTS (DSn[02Slast])

In=-erms of arelationbetween the DSnand the PCS that pel

0]
3
Q

s
to the D8Sn+l, “he 2CS in the DSn is loaded to the Composition Buifer
16 pefore a loading time of the first ODS (0DS1l), and tnerefore
the PTS of “he END should be after a loading time of the 2CS in
the DSn and before a loading time oZf the PCS that belongs <o the

DSn+1. Accordingly, the PTS of the IZINL is recuired to satisfy

a relation below.

On the other nand, the loading time of the first ODS (ODS1)
is before a loading time cf a last 2DS (PDSlast), and therefore
the PTS of the END (2TS(DSniEND])) should be after a loading tine
of the PDS <ha:t belongs to *the DSn (PTS(DSn_ 2DSlast])).
Accordingly, the 2TS cf the END is reguired to satisiy a relation
pelow.

PTS (DSn[PDSlast])<PTS(DSn[ENDI)

Following is an explanation about significance of the PTS
of theENDinthepipelineprocessingof thereproductionapparatus.
FIG.39 is a diagram describes the signiZicance of the IND in the
pipeline process of the reproduction apparatus. FIG.39 is based
on FIG.26, and each row in FIG.39 is substantially the same as
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TIG.26 o=her than that a first row in FIG.39 indicates the content
of “he Composition Buffer 6. Further, in fIG.39, 2 Display Sets,
DSn and DSn+1 are illustrated. The ODSiast in the DSn is the last
0DSn of A-0ODSs, and accordingly, the point indicated by the PTS
of the END is pefore the DTS of the 2CS in the DSn+l.

By the PTS of the END, it is possible to find when the loading
of the ODS in the DSn 1s completed durin reproduction.

Note tha%t although the DTS of the ZIND is not referred to
during reproduction, the DTS of the ENb is set to the same value
as the PTS of the END in order to satisfy the MPEGZ standard.

S

bo-

As described in the above, a par:t of the Graprics Plane

aying the Grapnhics according <o

| -]

specified as the Window for disp
the present embodiment, and therefore the reprocduction apparatus
does not have o render the Graphics for an entire Plane. The
reproduction apparatus may render the Grapnics for only a
oredetermined size of Window, such as 25% to 33% of the Gravhics
Plane. BRecause the rendering of the Graphics other than the
Graphics in the Window is not necessary, the load for soitware
in the reproduction apparatus decreases.

Tven in a wors® case in which the updating of the Graphics
is performed such as 1/4 of the Graphics Plane, i1t is possible
“c display the Graphics synchronously with the picture by the
reproduction‘apparatus performing the write to the Grapnics ?lane
at a predetermined transfer rate such as 256 Mbps, and py 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 reproduction apparatuses, because the sync
display 1s easily ensured.

[Second Embodiment!
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S 1

In the first embodiment, the size of the Window 1s set tc
/4 of an entire Graphics Zlane and the writing rate Rc to the
Graphics Plane is set tg 256 Mbos, so as to update the Crapnics
for each video frame. Further, by setting the update rate to be
i1/2 or ./4 of the video frame rate, 1t becomes possible te update
a larger size of the Graphics. However, when the update rate is

1/2 or /4 of the video frame rate, 1t takes 2 or 4 frames to write

to the Graphics Plare. When one Graphics Plane is provided, a

th

process of the writing of the Graphics during the 2 or £ frames
during which the Graphics is written becomes visible to a user.
In such a case, adisplayeffect such as switching fromone Graphics
=0 a larger Graphics in a moment may not be effectively realized.
Therefore, ina second embodiment, two Grapnics Planes are provided.

FIG.40 illustrazes an internal structure of & xeproduction

apparatus according to the second empodiment. The reproduction

LES|

acparatis in FIG.40 is new in comparison with the reproduction
apparatus accerding to TIGs.24 and 25 in that the reproduction
appoaratus in FIG.40 has two Graphics Planes (& Grapnics Plane 81
and a Graphics Plane 82 inthe drawing), and the twc Graphics ?lanes
constitute a double puffer. Accordingly, it is possible towrite
to one of the Graphics Planes while the reading is perZormed from
the other of the Gravhics Planes. Further, aGraphicalController
17 according to the second embodiment switches the Graphics Plane
that i1s read out at z point indicated by the PTS of the PCS.
FIG.41 schematically illustrates an operation of reading
out and writing to the Graphics Planes that constitute the double
buffer., An upper row indicates contents of the Graphics Plane

81, and a bottom row indicates contents of the Graphics Plane 82.

The contents of the both Graphics Planes per frame are 11lustrated

th

rom a first frame to a fifth frame (left to right). A part of
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“he Graphics Planes 81 and 82 for each Zrame that are enclosed
by & thick line is a target of the reading out. In the drawing,
a face mark is containgd in the Graphics Plane 81, and the face
mark is to be replaced by a sun mark that is in an Object Buffer
15. A size of the sun mark is 4 Mbytes, which is a maximum size
cf the Object Buffer 103.

To write the sun mark to the Graphics Plane 82 at the writing
rate to the Graphics Plane (Rc=256 Mbps), it takes 4 frames till
the writing is completed, and only /4 of the sun mark is written
to tne Graphics Plane 82 during the first frame, 2/4 during the

second frame, and 3/4 during the third frame. Because the Grapnics

B)

Plane 81 1is the

[}

»

arget to be displayed iIn the screen, however,
“he process of writing the surn mark to the Graphics Plare is not
visiple =otheuser. At the fifth frame, whenthe target of displ.ay
sWitches tc the Graphics Plane 82, the contents of the Graphics
Plane 82 becore visible tc the user. Tnus, the switching from
the face mark to the sun mark 1s completec.

As described above, according to the second embodiment, =t

is

'3

ossible to swizch display in the screen to another graphics
at once evern wnhen a large size graphics is written to the Graphics
Dlare for four frames, and therefore useful when displaying such
as credizs, an outline of a movie, or & warning, at once in an

entire screen.

[Third Embodiment]

A third embodiment relates to a manufacturing process of

-1

the BD-ROM. FIG.42 isa flowchart illustrating themanufacturing
process of the BD-ROM according to the third embodiment.

The manufacturing of the BD-ROM includes a material
manufac-uringstepS201 forproducingmaterial andrecordingmovies
and sound, an authoring step S202 for generating an application
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format using an authoring apparatus, and a pressing step S203 for

~

manufacturing a master disc of the BD-ROM and pressing to Iinish
the BD-ROM.

The authoring step of the BD-ROM includes Steps S204-5209
as Zcllows.

In Step S204, he WDS is described so as to define the Window
in which subtitles are displayed, and in Step 8205, alperiod of
timeduringwhichthewindowisdefinedtoappearatthesamepesition

in the same size, is set as one Epoch, and the PCS for each Epoch

is described.

o)

After obtaining the OCS in the above manner, tne Graphics
asma-erial for subtitles isconverted into the ODS, andthe Display

Set is obtained by combining the ODS with the PCS, WDS, and 2DS

D

in Step 8206. Then, in Step S207, each functional segment in the

[

Display Set is divided into the PES packets, and the Graphics Stream
‘s obtained by attaching the <tTime stamp.

Tinally, in Step S208, the AVClLip 1s generated by
multiplexing the grapnics stream with the video stream and audic
stream that are generated separately.

f-er ob=zaining the AVClip, the application format Ls

completed by adjusting the AVClip intc the BD-ROM Zormat.

The above explanations do not illustrate all embodiments

according to the present invention. The present invention may
also pe realized by modified examples shown below. Inventlons
described in the Claims of the present application include the
apove embodiments as well as expansions or generalizations of the
modified examples. Although the degree of expansion and
generalizationisbasedoncharacteristicsof technological ievels

o the related art at the time of the apolication, the inventions
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according to the Claims of the present application reflect the
means to sclve the technical proplems in the conventional art,
and therefore the scope of the invention does not exceed tne
technological scope that those skilled in the art would recognize
as means to solve the technical problems in the conventional art.
Thus, tne inventions according to the Claims oI the present
application substantially correspond to the descriptions of the
details of the invention.

(1) The BD-ROM is used in the explanations of all of the
above embodiments. However, characteristics of the present
invention are in the Graphics Stream that is recorded in a media,
and such characteristics co not depend on physical properties of
the BD-RONM. Any recording medium that is capable of storing the
Graphics Stream may realize the present invention. IZIxamples of
such recording medium incilude optical discs such as a DVD-ROVM,
a DVD-RAM, a DVD-RW, a DVC-R, a DVD+RW, & DVD+R, & CD-R, anc a
CD-RW, magnetic optical discs such as a PD and MO, semiconductor
memory cards such as a compact flash card, a smart media, a memoxy
stick, e multi-mecia card, and & PCM-CIA caxd, and magnetic discs
such as & flexible disc, a SuperDisk, & Zip, and a Clik!, and
removaple nard disk drives such as an ORB, a Jaz, a Spar(, & SyJet,
& ZZFley, and @ micro drive, in addition to buillt-in hard disks.

(2) Tre reproduction apparatus described Zn all of the
above embodiments decodes the AVClip recorded in the 3D-ROM anc
outputs the decoded AVClip to a TV. Hewever, it is also possible
to realize the present invention by the reproduction apparatus
that includes only a BD-ROM drive, and the TV provided with other
elements. In this case, the reproduction apparatus and the TV
may be connected via IEEE1394 to create & home network. Moreover,
although the reproduction apparatus in the empodiments is used
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by connecting to the TV, the reproduction apparatus may be an a-l
inoneTVandreproductionapparatus. Further, theLSI (integrated
circuit) alone that _orms an essential vart of the processing in
the reproductlon apparatus of each embodiment may be put into

practice. Such reproduction apparatus and the LSI are poth
described in the 9present specification, and ‘herefor
rmantfacturing a reproduction apparatus based on the internal
szructure of the reproduction apparatus according to the first

embodiment isanimclementationof the present invention, nomatter

what working example 1t may take. Moreover, transferring wnether

h

l

as a gift or profit, lending, and importing oI the reproducticn
apparatus according tc the present invention are alsc considered
to be the implementation of the present invention. Offering such
transfer and lend to common users by way of storefront display
ahd distribuzion of brochure is also considerec <o be the
implementatiorn of the present Invention.

(3) Information processing executed DYy & Dprogram shown
in the flowcharts 1s reallzec using hardware resources, and
accordingly, +the program whose processing 1s shown iIn each
flowchart is established alone as an invention. Although all the
apove embodiments describe the program according to the present
invention as bullt-in in the reproduction apparatus, the program

~

according tc the first embodiment a’one may be implemented

Examples of implementation of the program alone include (1)
producing the programs, (ii) transferring the programs as a gift
orprofit, (iii) lendingtheprograms, (iv) importingtheprograms,
(v) providing general public with the programs via an interactive
electronic communications line, and (vi) offering the transfer
and lend to common users by way of storefront display and

distripution of brochure.
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(4) Time elements in the steps that are performed in a
sequential order in each flowchart are essential characteristics
of the present invention, and it is clear that the process shown
‘ineach flowchartsdiscloses amethodof reproduction., Performing
the processes llustrated by the flowcharts by carrying out the
operation irn each step sequentially to obtain the oblect oI the
present invention and realizes the effects is the implementation
of the recording method according to the present irvention.

(5) It is desirable to add an extension header to each
packets constituting the AVClip when recording in the BD-ROM. The
extension header i1s 4-bytes data called TP_extra_ header that
includes arrival time stampandceopy vermission _indicator. The
TS packets having the T? extra_header (hereinafter referred to
as the TS vpackets with IX) are grouped py every 32 packets anc

written o 3 sectors. A group including 32 TS packets with ZX

nas 6144 bytes (=32x192), whicn is the same size as a size of 3
sectors 6.44 bytes (=2048x3). The group of 32 TS packets with

FX stored in 3 sectors is called Aligned Unit.

When the reproduction apparatus is used in the home network
connected via the IZTEE13%84, the reproducticn apparatus transmits
the Aligned Urnit irn a following transmission procedure. A sender
obtains TP_extra header from each oI the 32 TS packets with EX
includedin:heALignedUnit,andoutputsmainbodyoftheTSpacke:s
after decoding pased on DTCP standard. When outputiing the TS
packets, isochronous packets are inserted between any two
successive TS packets. Insertion points are positions based on
time incicated by arrival time_stamp in TF_extra_header. Along
with the output of the TS packets, the reproduction apparatus
outputs DTCP_descriptor. TheDICP_descriptorindicatessettings
for copy permission. By describing the DTCP _descriptor so as to
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indicate the copying is prohibited, the TS packets are not recorded
by other devices when using in the home netiwork connected via the
IEEZ1394.

(6) The digital stream in the above embodiments is the
AVClip. However, the digital stream may be a Videc Ob-lect (VOB)
in DVD~Video standard cr DVD-Video Recording standard. The VO3
is a ISO/I=ZCl38l8-_-standard-based program stream obﬁained by
multiplexingtheviceostreamandaudiostream. rfurther, thevideo
strear in the AVClip may also pe based on MPEG4 or WMV standard.
Moreover, the audio streammay be based on Linear~PCM, Dolby-AC3,
MP3, MPEG-AAC, or DTS standardc.

(7 The movie in the above embodiments may be obtained
by encocing analeg 1image signals transmitted via analog
broadcasting, cxmaybe streamdataconstitutedbytransport strean
transmitted via digital broadcasting.

It is also possible to obtain corntents by encoding analcg
crdigital imagesignalsthatarerecordediravideotape. Further,
the contents may alsc be obtained oy encoding analog or digital
image signals that are directly loaded from a video camera.
Moreover, contentsmaybeadigitalworkdeliveredbyadistributing
server.

(8) TneGrapricsObject inthe first and second empbodiments
israsterdatathat isencodedpasedonrun-lengthlimitedencoding.
The run-length limited encoding is adopted for compressing and
encoding the Graphics Object because the run-length limited
encodingisthemostappropriatefofcompressinganddecompressing
the suptitles. The subtitles have characteristics that a length
inahorizontaldirectionbecomesreliativelylong, andaccordingly,
high compression rate is obtained by using the run-length limited

encoding. In addition, the run-length limited encoding is
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preferable for making software for decoding because the load in
decompression is low. Further, in order to share the apparatus
structure for decoding between the subtitles- and the Graphics
Objec%, the same compression/decompression method as for the
subtitles is employed for the G:aphics Ob-ect. However, using
the run-length limited encoding is not an essential part cf the
present invention, and the Graphics Object may be PNG data.

10

3
(0]

over, the Graphics Object is not required to be the rastex

¥

data anc may be vector data. In addition, the Graphics Object
may be transparent graphics.
(

graphics for the subtitles selected based on a language setting

\\e]

} A target for display effect by the 2CS may be the

of the reproducticon apparatus. Realizing such a display has &
high utilitarian va>ue, because it becomes possible to realize
an effect, which is realized by the moving victure itself in the
conventional DVD, by the subtitle graphics aisplayed according
to the languacge setting cf the reprocuction apparatus.

(10) A tarcet for display effect by the PCS may be the
graphics for the subtitles selected based on a dispiay setting
of the reproducticon apparatus. Specifically, Graphics for
various display modes such as a wide-vision, a pan-scan, and a
letterbox are recorded in the BD-ROM, and the reprcduction
apparatus select any of the recorded settings based on the setting
for the TV to which the reproduction apparatus is connected. In
tnis case, the display effect based on the PCS is performed to
the subtitle graphics displayed according to the display setting,
the subtitles look more impressive and professicnal. Realizing
such a display has a high utilitarian value, because it becomes
possible to realize an effect similar to the effect realized in
the moving picture itself in the conventional DVD, by the subtitle
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graphics being displayed according te the display setting of the
repreducticon apparatus.

(11) In the first embodiment, the Window size is set to

o

e 25

oe

ar entire Graphics Plane in order to set the writing

I3

of
ate Rc to the Graphics Plane to the raite at which the clearing
of the Grapnics Plane and redrawing is performed in one frame.
However, the Rc may be set so that the clearing and fe—drawing
are completed during a vertical retrace period. Given that the
vertical retrace period is 25% 0Z 1/29.93 seconds, the Rc is 1Gbps.
Setting the Rc in such a way has @ high utilitarian value, because

it is possible to display the grapnics smcother.

try

urther, 1t is also possible to perform the writing
synchronous_iywith_inescanning, inadditiontothnewritingduring

the vertical retrace period. By this, it is possible to display
the graphics smoother even at the writing rate Rc is 256 Mbvs.

(12) Intheeceboveembodiments, theCGraphicsPlaneismounted
to the reproduction avparatius. However, it 1s also pessible to

e

mount a line buffer for storing decompressed pixels for a Line

in pliace of the Graphics Plane to the zreproduc:tion apparatus.
Conversion into image signals is performed oy line, and therefore
the converslon intc the image signals may oe carried out with the
_ine pbuffer alcne.

(13) In the above embodiment, the explanations are given
taking the text subtitles for the movie as the examples of the
grapnics. However, the graphicsmay include suchas a combinaticn
of devices, characters, anac colors that constitute a trade mark,
a nationa. crest, a naticnal f£lag, a national emblem, a symbol
and a great seal for supervision cr certification that a national
geovernment uses, a crest, a flag, cr an emblem of an international
organization, or a mark of crigin of a particular item.
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(14) Inthe first embodiment, the Window for rendering the
subtitles is defined either at an upper side of the screen, or
the bottom of the screen, assuming that the subtitles are written
horizontally. However, theWindowmay e definedto appear either
on left or right side of the screen so as to display the subtitlies
orn the left and richt of the screen. In this way, 1T i1s possible
to change text direction and display subtitles vertically.

(15) The AVClip in the above embcdiments constitutes the
movie. However, the AVCliomay also be used for karacke. In this

case, the 2CS may verform the disvlay effect such that the color

of the subtitles changes along with a sonc.

Reference Numbers

1 BD drive

2 Read Buffer
3 PID Filter
4 TB Buffer

Video Decoderx

(03]

6 Videc Plane

7 Audio Deccder

8 Graphics Plane

S CULT unit

10 adcer

12 Grapnics Decoder

13 Coded Data Bufifer

14 Stream Grapnics Processor
16 Composition Buffer

17 Graphics Controller

200 reproduction apparatus
300 vV
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400 remote controller

Tndustrial App.icability

A recording mediuﬁ and a reproduction apparatus according
to the present invention are capable of displaying subtitles wit!
adisplayeffect. Accordingly, it ispossibletoaddhnighervalues
tonmviessupp;iedjjlthemarket,andtoactiva:enmrketéforfilms

and consumer products. Thus, <=he recording medium and <the

purs

reproduction apparatus according to the present Invention have

!

highindustrial applicapbilityinindustrysuchasthe filmindustry

and consumer products Industry.

67



10

15

WO 2004/098193 PCT/JP2004/006074

CLAIMS

1. A recording medipm used for storing data, saild recoxding
meditm comprising:

adigital st:eanlconstitutedkn/multiplexingaavideo stream
andagraphics stream, whereinsaidvideo streamrepresentsameving
picture made of a plurality of pictures, and the graphics stream
inclucdes:

graphics cata representing graphics to be combined with the
pictures; and

window information that specifies a window for rendering
~he graphics therein, the window information indicating a width,

height and a position of the window on a plane, the vlane bein

43}

a plane memory of a reproduction apparatus that combines the

graphics with the pictures.

2. A recording medium according to Claim 1, wherein the width
and height of the window are set so that a size oI the window is
i/x of theplane, the plane corresponding to a size of each picture
and X being a real number based on a ratio between a window update

rate and a victure display rate.

3. A recording medium according to Claim 1, wherein:

the graphics stream includes control information that
contains crop information specifying a creopping frame within a
graphics object obtained by dececding the graphics data; and

the grapnhics to be rendered in the window is a part of the

graphics object within the cropping frame.
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4, A recording medium according to Claim 3, wherein the control
information contains position information specifying a vosition
in the window for rendering the part of the graphics object within

the cropping frame.

5. A recording medium according to Claim 4, wherein:

the graphics streamincludes avluralitycfoieces of control
informationZforzrealizingoneof scroll, wive-in, wipe-out, cut-in,
and cut-out display effects; and

each of the pieces of contrel information includes the crop

informationandthepcsitioninformationthat respectively specify

a different cropping frame and a position.

6. A reproduction apparatus used for reproducing a digizal
stream constituted by multiplexing a video stream and a gravhics
stream, said reproduction apparatus comprising:

a videc decoder cperabie to decode the videoc stream so as
to obtain a moving picture made of a vlurality of pictures;

a grapnhics decoder operable to render graphics so as tc be
synchronotsly displayed with the pictures; and

a plane memory corresponding to a plane and being used for
combining the graphics with the pic:tures, wherein:

the graphics stream includes window information that
specifies apart of thepiane as a window for rendering the grapnics

rn; and

there

the rendering of the graphics by said graphics decoder
includes a clearing of the graphics in the window in said plane
memory, and & writing of the graphics to the window in said plane

memory.
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7. A reproduction apparatus according o Claim 6, wherein:
the graphics stream includes compressed graphics data; and

saldgraphicsdecoder includesaprocessor operable todecode

o

the compressea graphics data, and a controlling unit operable to

perform the clearing coperation and the writing operation.

8. A reproduction apparatus according te Claim 7, wherein:
a size of the window is set so as to be 1/x of the plane,
X belng a real numpber based cn a ratio between a window update
rate and a display rate of the video stream; and
the writing operation performed by said contzrolling uniz
1s performed at & transfer rate based on the update rate of the

window and the size of “he window.

(o]

A reproduction apparatus according to Claim 7, wherein:
sald graphics decoder includes an ob-ect buffer operable
to store decompressed graphics data decoded by saild processor;
the graphics stream includes control information that
contains crop information speciiying a cropping frame within a
grapnicsobiect ocbtainedbydecodingthegraphicsdataintheobject
ouffer;
saic cqntrolling unit is operable to crop a part of the
grapnics obiject within.the cropping frame; and
the graphics to be synchronousiy displayedwith the pictures

By

is the part of the graphics ocbject within the cropring frame.

10. A reproduction apparatus according to Claim S, wherein:

the control information contains position information
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specifying a position in the window for rendering the part within
the cropping Zrame; and
the part within the cropping frame is written to the window

at the position specified by the position information.

1. A reoroductlon apparatus according to Claim 10, wherein:

thegraphicsstreamincludesapluralityofpiecesbfcontrol
information;

the crop part and the position indicated by the crop
informationandthepositioninformationrespectivelyineacnpiece
of control informatior are different; and

said controlling unit is coperable tc realize one of scroll,
wipe-in, wipe-out, cut-irn, ana cut-out display eflects by
performing the clearing and writing of the graphics based on the
crop information and the positicn information in each piece oI

control information.

12. A reproduction apparatus accecrding o Claim 6, Zfurtrer
comprisingtwoplanememoriesceonstitutingadoublebuifer, wherein
the graphics is displayed by switching the cdisplayed graphics from
contents stored in one of saidplane memories in said double puffer

to contents stored in the oiher one of said plane memoxries.

3. A method of recording onto a recording medium, said method
comprising:

oroducing application data; and

recording the produced application data in the recording
medium, wherein:

the application data includes a digital stream constituted
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by multiplexing a videc stream and & graphics strear;

tne video stream represents a moving victure made ©f a
plurality of pictures, and the graphics stream includes:

grapnics data representing graphics to be combined with the
plctures; anc

window information that specifies a window for rendering
the graphics therein, the window information indicatin@ e width,
a height and a position of the window on a plane, the plane being
a plane memory of a reproduction apparatus that combines the

crapnics with the pictures.

stream, said program comprising:

code operarle tocause the computer todecode thevidec stream
SO as to cbzain a moving picture made of a plurality of pictures;
anc

code operable to cause the computer to render graphics so
as to be synchroncusly displayed with the pictures, wherein:

the graphics strear includes window information that

=

specifies a part of the plane as a window for rendering the graphics

therein; and

salid code operable to cause the computer to render the
graphics includes code operab.e to cause the computer te perform
a clearing of the graphics in the window in a plane memory used
for combining the graphics with the picture, and a writing of the

graphics to the window in the plane memory.

15, A methed of reproducing a digital stream constituted by
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multiplexing a video stream and a c¢rapnlcs stream, said method
comprising:

decoding the video stream so as to obtain a moving picture
made of a plurality of.pictures; and

rendering graphics so as to pe synchronously displayed with
the pictures, wherein:

the graphics stream includes windeow information <hat

FHh

specifiesaparto

the plane as @ window for rendering the graphics
therein; and

saic rendering of the gravhics includes a clearing of the
graphics in the window irn a plane memory usecd for combining the
grapnics with the picture, and a writing of the grapnics to the

'

window in the plane memory.

16. An integrated circuit used for reproducing a digital stream
constituted by multiplexing a video stream and a graphics strean,
said integrated circult comprising:

a video decoder operable to decode the vicdeo stream so as
to obtain & moving picture macde of a plurality of pictures;

a gravhics deccder operaple to render graphics sc as tc be
synchroncusly displayed with the pictures; and

a plane memory corresponding to a plane and being used for
combining the graphics with the pictures, wherein:

the graphics stream includes window information that
specifies a part of the plane as a window for rendering the grapnics
therein; and

the rendering oI the grachics by sald graphics decocder
includes a clearing of the graphics in the window in the plane

memory, and a writing of the graphics to the window in the plane
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FIG. 7A

object__definition_segment
segment_type
segment_length
object_id
object_version_number
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objoct._data,_fragment } COMPRESSED GRAPHICS

OBJECT

FIG. 7B

palette_definition_segment

segment_type
segment_length
palette id
palette version_number =
7 Y_value
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F\I/vi 18 1 ( DSRIPCS)] )>=DTS( DSHIPCS] )+DECODEDURATION( DSn )
ere.

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 ) ;
if( 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( DSh. PCS. OBJ[0]. window_id )//256*108 )

else

{ decode_duraﬁon +=90000%( SIZE( DSn. PCS. OBJ[0]. window_id )//256*108 ) :

decode_duration += WAIT( DSn, DSn. PCS. OBJ[ 1], decode_duration );
decode_duration += 90000*( SIZE( DSn. PCS. OBJ[1]. window_id )//256*1 05 );

}
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*10° ) ;

return decode_duration ;

PLANEINITIALIZATIONTIME( DSn ) is calculated as follows:
initialize_duration=0 ;
if( DSn. PCS. composition_state= = EPOCH_START )

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

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

if( EMPTY(DSn.WDS.WIN[i],DSn ) )
initialize_duration += 90000*( SIZE( DSn. WDS. WIN[i] )//256%108) ;
}

return initialize_duration ;

WAIT( DSn, OBJ, current_duration ) is calculated as follows:

wait_duration=0;
if( EXISTS( OBJ. object_is, 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 ; 18/42
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FIG. 20A
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FIG. 20B
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