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Description

[Technical Field]

[0001] The present invention relates to the technical
field of stereoscopic playback.

[Background Art]

[0002] Stereoscopic playback refers to a technique of
realizing stereoscopic viewing with the use of a pair of
videos as seen from different viewpoints, one of which
is for right view and the other for left view. While stereo-
scopic display can be realized by various methods, the
basic principles are to present different display images
to the left eye and the right eye of a viewer in a manner
to exploit the parallax between the eyes to create an op-
tical illusion of stereoscopic images.
[0003] In one exemplary method, stereoscopic display
is realized with the use of a pair of shutter glasses. Ac-
cording to this method, video images presented on the
display device for right eye and left eye are alternately
updated at high speed. The shutter glasses are controlled
to alternately block the view of the right eye and left eye
of the viewer, in synchronism with the timing of updating
the video images. In this way, it is achieved that each
image presented for the left eye is perceived only by the
left eye, whereas each image presented for right eye is
perceived only by the right eye.
[0004] Currently, the main applications of stereoscopic
playback of video streams are found in the use for movie
theaters, for example. In the future, however, it is expect-
ed that stereoscopic playback of video streams is in-
creasingly enjoyed with the use of consumer playback
devices.
[0005] Especially to be noted is that packaged media
such as BD-ROM and the like includes, in addition to
video images, background images, subtitles, and ren-
dered images to be presented on separate planes. Thus,
a display device can display composite video images cre-
ated by overlaying a plurality of planes. By presenting
the background images, subtitles, and rendered images
in a manner to realize stereoscopic viewing, highly inter-
active stereoscopic playback is realized. In addition, the
adopted method ensures that video images and subtitles
are synchronized on a frame-by-frame basis with the vid-
eo output signal of the playback device, so that clear
dynamic images are played back without flickering.
[0006] Reference JP 2002-073003 (A) discloses a
stereoscopic image forming device that is capable of ef-
ficiently generating images in an object space for display-
ing them on an stereoscopic video display device. To this
end, a value of binocular suggestion which materializes
a stereoscopic vision is roughly calculated from the pu-
pillary distance of a human eye and the depth of an object
subject to observation. Besides, a deviation in the hori-
zontal direction of the object generated when a video
recognized by the right and left eyes is projected on a

screen can be calculated from this binocular parallax and
the distance between the right and left eyes and the
screen. These matters are used for the purpose of firstly
setting a tentative visual point in the object space, and
generating image data based on this tentative visual
point. Then, image data for left eye and image data for
right eye are generated by shifting the plane data of each
object according to the depth of the distance between
the visual points and the object.
[0007] Reference GB 2324939 (A) discloses a system
for generating left and right video channels to drive a
stereoscopic display device using only one frame buffer
memory of a computer graphics pipeline. The system
comprises a window circuitry for defining first and second
windows within the frame buffer. The first and second
windows store pixel data corresponding to left and right
views, respectively, of a stereoscopic image. A stereo
output system is operable to present pixel data read from
the first window within the frame buffer memory to the
pixel data input of a first video encoder system, and to
present pixel data read from the second window within
the frame buffer memory to the pixel data input of a sec-
ond video encoder system. Video format signals that are
output by the first and second video encoder systems
comprise the left and right video channels. Position and
size information are stored within a memory device. As
pixel data is read serially out of the frame buffer memory,
a count is maintained to keep track of the coordinates of
the pixels. The coordinates for a given pixel are compared
with the stored position and size information. The pixel
is output to left or right video encoders if it is determined
that the pixel corresponds to the first or second window,
respectively.

[Summary of Invention]

[Technical Problem]

[0008] It is desired to activate an application during
playback of a stereoscopic content, so that GUI is ren-
dered by the application in synchronism with video play-
back. In this way, user operations during playback of a
stereoscopic content can be made with ease. Such a
need arises in view of existing BD-ROM contents imple-
menting highly sophisticated processing in which an ap-
plication executes in synchronism with playback of a BD-
ROM content to render GUI. Content creators desire to
realize similar processing for a stereoscopic content.
[0009] Rendering by an application involves genera-
tion of a bitmap pattern and writing of the bitmap pattern
pixel by pixel to the right or left plane memory. By repeat-
ing the rendering process, a visual effect of animation is
presented to the viewer when a menu is opened. Yet,
the frame period for displaying a rendered image may be
reached before all the pixels are written. In such a case,
an incomplete image is displayed. The arrival of a frame
period before all the pixels are written will give a rise to
a problem called "tearing" in which an image still being
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written is displayed and thus screen flickers.
[0010] In monoscopic playback, tearing may fall within
acceptable limits to the viewers. In stereoscopic play-
back, however, tearing will be seriously annoying to the
viewers. More specifically, part of the displayed image
where rendering of both the left and right plane memories
is completed produces stereoscopic viewing effect,
whereas part of the displayed image where rendering is
incomplete results in tearing so that no stereoscopic
viewing is produced. In addition, different images are pre-
sented to the left and right eyes of the viewer, which never
occurs in real life. For example, suppose that rendering
of an image of a menu to be presented to the left eye is
completed, whereas an image of the menu to be present-
ed to the right eye is incomplete regarding the lower half
thereof. When the two images of the menu are presented
to the respective eyes in stereoscopic playback, the left
and right eyes view inconsistent images regarding the
lower half of the menu, which causes visual discomfort
to the viewer.
[0011] In stereoscopic playback, tearing is more prob-
lematic because inconsistency between the left and right
images is more noticeable to the viewer. Without a reli-
able measure to prevent such inconsistency, it is difficult
to commercialize playback devices for executing stere-
oscopic playback. One possible way to address the tech-
nical difficulty is to completely parallelize the respective
writing processes to the left and right image planes. How-
ever, at the time of developing a player model of playback
devices, it is not desirable that the writing to the respec-
tive image planes is required to be performed through
completely parallel processing. Such a requirement de-
creases flexibility in implementation of playback devices.
In addition, such a requirement is not desirable in terms
of cost competitiveness as it leaves little room for hard-
ware simplification.
[0012] Accordingly, an object of the present invention
is to provide, without limiting the implementation flexibil-
ity, a playback device configured to minimize the occur-
rence of inconsistency between left and right images,
which results from tearing.
[0013] This is achieved by the features of the inde-
pendent claims. Preferred embodiments are the subject
matter of dependent claims.
[0014] The invention is set out in the fourth embodi-
ment. The other embodiments are examples that do not
form part of the invention but represent background art
that is useful for understanding the invention.
[0015] At the time when an application program inter-
face is called, the present invention is arranged to ensure
that a pair of write specifications, one for the left-view
plane memory and the other for the right-view plane
memory, is passed from a bytecode application. With this
arrangement, the playback device is implemented to al-
ternately perform a process of writing pixels to the right-
view plane memory and a process of writing pixels to the
left-view plane memory. With this implementation, even
if a frame period is reached before the pixel writing for

the frame is completed, the respective writing processes
for the left-view and right-view plane memories have pro-
gressed to about the same extent. That is, even if tearing
occurs, the levels of tearing occurred in the left and right
images are about the same. That is, inconsistency be-
tween the images presented to the right eye and to the
left eye is avoided or kept to an extent within a range not
annoying to the viewer.
[0016] Further, the playback device may be imple-
mented to complete writing of one of the left and right
image planes first and then start writing the other image
plane. Even with this implementation, the arrangement
of the present invention ensures to avoid delay resulting
from not timely receiving necessary parameters from an
application. Thus, the chances are increased that the
writing of both the left and right image planes for a specific
frame period is completed before the arrival of the frame
period.
[0017] As above, the playback device may alternately
perform the writing of the respective image planes line
by line or perform the writing of the left image plane first
and then the right image plane. In either case, the prob-
ability of occurrence of inconsistency between the re-
spective images presented to the left and right eyes is
reduced. That is, the playback device minimizes the risk
of inconsistency between the left and right images that
would occur due to tearing, without limiting the imple-
mentation flexibility.

[Brief Description of Drawings]

[0018]

Fig. 1 shows one example of the usage pattern of a
playback device.
Fig. 2 shows the basic internal structure of the play-
back device having the means for solving the prob-
lem.
Fig. 3 illustrates how picture data stored on video
planes 104a and 104b is perceived by a user wearing
shutter glasses 500.
Figs. 4A and 4B show the internal structures of the
image planes 104c and 104d.
Figs. 5A, 5B and 5C are views for explaining the
principles in which an image appears closer than the
display screen when the plane offset code is positive
(when a graphics image is shifted to the right in the
left-view period, and a graphics image is shifted to
the left in the right-view period).
Figs. 6A, 6B and 6C are views for explaining the
principles in which an image appears further back
than the display screen.
Figs. 7A and 7B show an example of how the ap-
pearance of the image planes differs depending on
whether the offset is positive or negative.
Figs. 8A, 8B and 8C show application program in-
terfaces each used for writing of a rendered image.
Figs. 9A, 9B and 9C show specific examples of ren-
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dering requests that can be defined with application
program interfaces shown in Figs. 8A, 8B and 8C.
Fig. 10 schematically shows the writing performed
in response to a call for the StereoGraphics#drawl-
mage method with the arguments set as shown in
Fig. 9C.
Fig. 11 shows, for each of Frames i, j and k, the
images written on left and right video planes and on
the left and right image planes.
Fig. 12 shows an effete sequence that is presented
when Frames i, j and k.
Fig. 13 shows how the writing processes to the left
and right image planes are performed.
Figs. 14A and 14B show the display presented as a
result of image writing performed without using the
StereoGraphics#drawImage method.
Figs. 15A and 15B show the display presented as a
result of image writing performed with the use of the
StereoGraphics#drawImage method.
Fig. 16 is a flowchart showing the procedures per-
formed by a bytecode application to display a menu.
Fig. 17 is a flowchart showing the procedure for line-
by-line rendering performed in response to a call for
the StereoGraphics#drawImage method.
Fig. 18 shows part of a playback device according
to a second embodiment, the part relevant to the
improvements (an image memory, image planes, a
rendering engine, and a composition unit) relevant
to the improvements made on the first embodiment.
Figs. 19A, 19B, 19C and 19D show the switching
done by switches 123 and 124.
Fig. 20 shows the processes to be performed to com-
plete the writing of the left and right image planes.
Fig. 21 is a flowchart showing the rendering proce-
dure performed using the double buffers and in re-
sponse to a call for the StereoGraphics#drawImage
method.
Fig. 22 shows one example of the internal structure
of an operation mode object.
Fig. 23 is a flowchart showing one example of the
procedures for setting the plane memory resolutions
at the time of title switching.
Fig. 24 shows the internal structure of a BD-ROM
100.
Fig. 25 is a block diagram showing the internal struc-
ture of a playback device according to a fourth em-
bodiment.
Fig. 26 is a flowchart showing the procedure for
frame processing for the alternate output of the left
and right planes.
Fig. 27 is a flowchart showing the procedure per-
formed by an L-R rendering arbiter 30 for adjusting
the timing for issuing rendering requests.
Fig. 28 is a flowchart showing the procedure for the
frame process in which an R-image and an L-image
are alternately output line by line.
Fig. 29 is a flowchart showing the procedure involv-
ing merging of rendering requests performed by the

L-R rendering arbiter 30.
Figs. 30A, 30B and 30C are views showing an L-R
simultaneous rendering request C and rendering re-
quests A and B.
Fig. 31 is a flowchart showing the procedure per-
formed by the L-R rendering arbiter 30 triggered by
a display update request.
Figs. 32A and 32B show examples a connected im-
age plane composed of a left image plane 9 and a
right image plane 10.
Fig. 33 a flowchart showing the procedure involving
a cropping process by the L-R rendering arbiter 30.
Figs. 34A and 34B show a rendering request and an
L-R simultaneous rendering request.
Fig. 35 is a flowchart showing the procedure involv-
ing conversion of a rendering request by the L-R ren-
dering arbiter 30.

[Description of Embodiments]

[0019] The following describes embodiments of a re-
cording medium and a playback device having the above-
described means for solving the problems, with reference
to the drawings.
[0020] Fig. 1 shows one example of the usage pattern
of such a recording medium and such a playback device.
As shown in the figure, a recording medium 100 and a
playback device 200 constitute a home theater system,
together with a remote controller 300, a television set
400, and a pair of shutter glasses 500. The home theater
system is provided for use by a user.
[0021] The recording medium 100 supplies, for exam-
ple, a movie to the home theater system.
[0022] The playback device 200 is connected to the
television set 400 and plays back the recording medium
100. The playback is executed by alternately outputting
video images for left eye (L-images) and video images
for right eye (R-images). Videos playable by the playback
device 200 in this manner include 2D videos and 3D vid-
eos. A 2D video is composed of images expressed by
pixels defined on the assumption that a plane containing,
for example, the screen of display device is an X-Y plane.
2D video images may be also referred to as monoscopic
images.
[0023] In contrast, a 3D video is composed images ex-
pressed by pixels defined on the assumption that a
straight line orthogonal to the X-Y plane mentioned above
is the axis (in the present embodiment, the straight line
orthogonal to the X-Y plane is defined as the axis (Z ax-
is)). In addition, the locations of the pixels describing each
image on the X-Y plane are determined in a manner given
below in the present embodiment. By virtue of this con-
figuration, a 3D video is stereoscopically perceived as
being closer or further back than the screen.
[0024] The remote controller 300 is a device for receiv-
ing user operations made on hierarchically organized
GUI. In order to receive such user operations, the remote
controller 300 is provided with various keys including a
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menu key for calling a menu constituting GUI, an arrow
key for moving a focus among GUI components consti-
tuting the menu, an enter key for activating the GUI com-
ponent currently focused, and a return key for going back
to a superordinate page of the hierarchically organized
menu, and numeric keys.
[0025] The display device 400 receives video output
from the playback device 200 and alternately outputs L-
images and R-images with the same timing. The respec-
tive timings are brought into agreement by setting the
frame rate at which video images are output to be equal
to the frame rate at which display is switched. Alterna-
tively, the frame rate at which display is switched may be
multiplied in order to reduce the burden imposed on the
viewer’s eyes. In this case, the display device 400 accu-
mulates a pair of L-image and R-image that are output
in a row and switches the accumulated images at high
speed. As a result, display is executed at high frame rate.
The following description is given on the precondition that
a pair of an L-image and an R-image output in the stated
order is processed as a set by the display device. How-
ever, it should be naturally appreciated that the output
order of L- and R-images may be reversed without any
change to the configuration.
[0026] The shutter glasses 500 are composed of liquid
crystal shutters and a control unit and enables the user
to realize stereoscopic viewing by using binocular paral-
lax. The liquid crystal shutters of the shutter glasses 500
are made with liquid crystal lenses having the property
that the optical transmittance varies with the voltage ap-
plied thereto. The control unit of the shutter glasses 500
receives from the playback device a synchronous signal
indicating the switching between the output of R- and L-
images and switches between the first and second states
according to the synchronous signal.
[0027] In the first state, the application voltage is con-
trolled so that the liquid crystal lens for the right eye be-
comes non-transparent and that the liquid crystal lenses
for left eye becomes transparent. In this state, an L-image
is perceived by the left eye but not by the right eye.
[0028] In the second state, the application voltage is
controlled so that the liquid crystal lens for the right eye
becomes transparent and that the liquid crystal lens for
the left eye become non-transparent. In this state, an R-
image is perceived by the right eye but not by the left eye.
[0029] In general, an R-image and an L-image in a ster-
eo pair represent the right view and left view in such a
manner that the same object appears slightly differently
due to the difference between positions at which the re-
spective images are captured.
[0030] By making an adjustment such that the appar-
ent difference corresponds to the difference as perceived
by the left and right eyes (i.e., corresponds to the binoc-
ular parallax), the human perception system creates an
illusion of a stereoscopic image. Accordingly, the shutter
glasses 500 are controlled to switch between the first
state and the second stat in synchronism with the switch-
ing between R-image output and L-image output, the

viewer creates an illusion of depth in an monoscopic im-
age (i.e., flat image). The following now describes the
time interval at which R- and L-images are displayed.
[0031] More specifically, when monoscopically dis-
played, each pair of an R-image and an L-image are
slightly different from each other and the difference t cor-
responds to the human parallax. By sequentially present-
ing such images alternately at short intervals, the human
visual system perceives the images stereoscopically.
The duration of this time interval should be short enough
for the human visual system to create an optical illusion
that a three-dimensional (i.e., stereoscopic) image is dis-
played. In the present embodiment, each frame period,
which is a display cycle used by the television set 400
when playing back a video stream is divided into two.
The halves of each frame period are allocated one to an
R-image and the other to an L-image, so that the R- and
L-images are alternated at the time intervals each having
a duration corresponding to half a frame period. A half a
frame period allocated for displaying an image to the left
eye is referred to as a "left-view period", whereas a half
a frame period allocated for displaying an image to the
right eye is referred to as a "right-view period". When one
frame period is equal to 1/24 second, then the left-view
period and the right-view period are each equal to 1/48
second. When one frame period is equal to 1/60 second,
then the left-view period and the right-view period are
each equal to 1/120 second.

(First Embodiment)

[0032] From among a plurality of embodiments of a
playback device having the above-described means for
solving the problems, the following describes an embod-
iment of a playback device which employs image planes
each composed of a single buffer. Fig. 2 shows the basic
internal structure of the playback device. As shown in the
figure, a playback device 200 includes a read unit 101,
a video decoder 102, a plane memory set 103 (which
includes video planes 104a and 104b and image planes
104c and 104d), a composition unit 105, an image mem-
ory 106, a rendering engine 107, a platform unit 110, a
heap memory 111, a bytecode interpreter 112,a class
loader 113, an application manager 114, and middleware
115.
[0033] The read unit 101 reads, from the recording me-
dium 100, a video stream, data structures of images to
be rendered, class structures of bytecode applications
and an application management table. The read video
stream is supplied to the video decoder 102.
[0034] The video decoder 102 decodes the read video
stream into uncompressed pictures and writes the un-
compressed pictures into the plane memory set 103.
[0035] The plane memory set 103 includes a plurality
of plane memories. A plane memory is used to store piec-
es of pixel data together describing a full-screen image
on a line-by-line basis and to output the pieces of pixel
data according to horizontal and vertical synchronous
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signals. The individual plane memories are used to store
a full-screen image of one of video, subtitles, GUI, and
background image obtained as a result of decoding.
[0036] These plane memories are organized in a layer
model and the data stored in the individual plane mem-
ories is used for layer composition. The layer composition
is done by overlaying, for all combinations, two plane
memories of different hierarchical levels in the layer mod-
el, by superimposing corresponding pixel values stored
in the two plane memories.
[0037] The left video plane 104a and the right video
plane 104b are included in the plane memory set and
used to store a video picture for left eye and a video
picture for right eye, respectively.
[0038] The left image plane 104c and the right image
plane 104d are included in the plane memory set and
each used to store an uncompressed image to be over-
laid with the picture stored on a corresponding one of the
video planes. The left image plane 104c is a left-view
plane memory used to store image data to be presented
to the left eye. The right image plane 104d is a right-view
plane memory used to store image data to be presented
to the right eye. In the present embodiment, each of the
left and right image planes is composed of a single buffer.
Thus, the screen display presented by each image plane
is updated by overwriting a rendered image currently
stored on each image plane with a new image. Since,
the image on each buffer and displayed immediately pre-
viously is directly overwritten with a new image to be sub-
sequently displayed, during the time the overwriting proc-
ess is still in progress, tearing occurs in which a mixture
of the previously displayed image and the new image
appears on the screen.
[0039] The composition unit 105 performs layer com-
position of the plurality of plane memories.
[0040] The image memory 106 is memory used to store
an image object, which is created as an instance of a
data structure stored on the recording medium 100. Such
an image object is a bitmap image represented by RGB
values. A bytecode application specifies a bitmap image
with the use of an instance variable. In the 3D mode, the
image memory 106 separately stores an image object
for right eye and an image object for left eye.
[0041] The rendering engine 107 performs a rendering
process of the left image plane 104c and of the right im-
age plane 104d. The image rendering by the rendering
engine 107 is done by copying am image object stored
in the image memory 106 to the image planes 104c and
104d. The image object to be copied is specified with the
use of an instance variable.
[0042] The platform unit 110 is composed of: a built-in
program stored on non-volatile memory, such as ROM;
and hardware components (including MPU, registers,
and peripheral circuits) that execute the built-in program.
The platform unit 110 runs a bytecode application, which
is an instance of a class structure stored on the recording
medium 100. Note that a bytecode application refers to
an executable program obtained by compiling a class

structure written in an object-oriented programming lan-
guage. The bytecode application is described in ma-
chine-independent code (bytecode). One typical exam-
ple of a bytecode application is a Java application.
[0043] The heap memory 111 is a stack area used for
storing bytecode describing a bytecode application and
system parameters used by the bytecode application. A
bytecode application that executes on the heap memory
111 renders images at variable frame rates, such as 1/30
second, 1/15 second, and 1/5 second. These frame rates
are not integral multiple of the frame rates of video play-
back, such as 1/24 seconds and 1/60 seconds. Thus, the
bytecode application detects the rendering timing using
the clock of the playback device and performs the writing
at the rendering timing.
[0044] The bytecode interpreter 112 converts a byte-
code application stored on the heap memory 111 into
native code and causes an MPU to execute the converted
native code.
[0045] The class loader 113 creates, in the heap mem-
ory 111, an instance from a class structure of an appli-
cation stored in the recording medium 100. In this way,
the bytecode application is loaded.
[0046] The application manager 114 executes appli-
cation signaling for activating and terminating a bytecode
application, after verifying the authenticity of the byte-
code application based on the application management
table.
[0047] The middleware 115 is an operating system for
built-in devices that provide various functions to the byte-
code application executing on the platform unit. A func-
tion is provided by calling a member function of a package
implemented by the middleware. The package imple-
mented by the middleware includes a library of programs
used for rendering processes on the left image plane
104c and the right image plane 104d by the rendering
engine 107. Examples of the rendering processes in-
clude drawing of graphical objects such as lines and rec-
tangles with a specified color, filling of a specified area,
and copying and pasting of a specified image. The mid-
dleware 115 is provided with a rendering unit that exe-
cutes image rendering using the functions included in the
library. The bytecode application successively issues re-
quests for appropriate rendering processes to realize var-
ious processes of rendering graphics. One example of
the package is java.awt and application program inter-
faces for image rendering are methods of the java.awt
package. In addition, extension methods, which are
methods not provided by the java.awt package, are us-
able as APIs for image rendering. Examples of image
rendering processes include drawing of lines and rectan-
gles, filling of a specified area, copying and pasting of a
specified image. The respective image rendering proc-
esses are identified by information specifying the type of
a image rendering process.
[0048] In the present embodiment, the following is as-
sumed. That is, to render a full-screen image on an image
plane performed in response to a request from a byte-
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code application, the middleware requires execution cy-
cles that corresponds to n frames. This duration of n
frames is equal to the turn-around time taken between
an API call by the bytecode application and a response
by the middleware. The turn-around time involves over-
head between the platform unit-middleware-hardware.
Generally with Java application implementation, a ren-
dering instruction is issued immediately upon the need
arises (in Frame k, for example) and the rendered image
is displayed with a delay corresponding to a predeter-
mined number of frames after the issuance of the instruc-
tion. Typically, Java applications are not aware of such
delay in display.
[0049] Accordingly, the rendering to both the left and
right image planes always involves the delay time corre-
sponding to 2 3 n frames. For example, in order to display
rendered images of a stereo pair in Frame k, the issuance
of a StereoGraphics#drawlmage method in Frame k re-
sults in the display of the rendered image with the delay
corresponding to "2 3 n frames" from Frame k.
[0050] The following describes with more details the
processes performed by the above components, with ref-
erence to the drawings.
[0051] Fig. 3 illustrates how picture data stored on the
video planes 104a and 104b is perceived by a user wear-
ing the shutter glasses 500.
[0052] In the figure, an arrow vw1 indicates that the
video image enters the user’s viewpoint during a left-view
period, whereas arrow vw2 indicates that the video image
enters the user’s viewpoint during a right-view period. As
indicated by the arrow vw1, during the left-view period,
the image stored on the left video plane enters the user’s
left eye through a corresponding one of the shutter glass-
es 500. Similarly, during the right-view period, as indicat-
ed by the arrow vw2, the image stored on the right video
plane enters the user’s right eye through a corresponding
one of the shutter glasses 500.
[0053] Figs. 4A and 4B show the internal structures of
the image planes 104c and 104d. As shown in Fig. 4A,
when the resolution is set to 1920 3 1080, each of the
image planes 104c and 104d is composed of 1920 3
1080 32-bit storage elements. This means that the image
planes 104c and 104d has memory allocation enough to
store a 32-bit R-G-B-α value per pixel at 1920 3 1080
resolution. Each 32-bit R-G-B-α value stored in a storage
element is composed of an 8-bit R value, an 8-bit G value,
an 8-bit B value and an 8-bit α (transparency) value. A
memory plane capable of for storing a full-screen image
has a capacity of 8 Mbytes. Thus, in order to implement
double buffering for each of the left and right plane mem-
ories, the required memory size amounts to 8 Mbytes 3
4. In addition, double buffering requires transfer between
the pair of buffers at the time of switching displayed im-
ages, which means that transfer of 8 Mbytes data fre-
quently takes place, so that a wide memory bandwidth
needs to be secured. In view of the above, each image
plane according to the present embodiment is composed
of a single buffer.

[0054] Fig. 4B shows pixel data stored on the image
planes 104c and 104d. As shown in the figure, the graph-
ics data stored on each of the image planes 104c and
104d consists of pixel data corresponding to the fore-
ground and pixel data corresponding to the background.
An α value representing a transparent color is stored in
the storage elements corresponding to the background.
When overlaid with the video plane, the video image on
the video plane can be seen through the transparent
background image. On the other hand, R, G and B pixel
values representing colors other than a transparent color
are stored in the storage elements corresponding to the
foreground, and the images are rendered by these R, G
and B values.
[0055] As a result of plane composition by the compo-
sition unit 105, the contents stored on a different plane
is seen through the part corresponding to transparent
pixels. The existence of such a transparent part makes
plane composition possible.
[0056] Figs. 5A, 5B and 5C are views for explaining
the principles in which an image appears closer than the
display screen when the plane offset code is positive
(when a graphics image is shifted to the right in the left-
view period, and a graphics image is shifted to the left in
the right-view period).
[0057] In each of Figs. 5A, 5B and 5C, a circle indicates
an image displayed on the display screen. First, in the
2D mode, the image seen by the right eye and by the left
eye is in the same position. Therefore, when the image
is viewed by both eyes, the position of focus is located
on the display screen (Fig. 5A).
[0058] On the other hand, in the left-view period of the
3D mode, the image seen by the left eye is seen at a
position shifted to the right of the zero-offset position. At
this time, the liquid crystal shutter glasses block the right
eye from seeing anything. Conversely, the image seen
by the right eye is seen at a position shifted to the left of
the zero-offset position. At this time, the liquid crystal
shutter glasses block the left eye from seeing anything
(Fig. 5B).
[0059] People focus their vision using both eyes and
perceive an image as being located at the position of
focus. Accordingly, by alternately switching over a short
time interval, via the liquid crystal shutter glasses 500,
between a state in which an image is visible only to the
left eye and a state in which an image is visible only to
the right eye, a person’s eyes focus on a position closer
than the display screen. As a result, the person perceives
an image as being located at the position of focus, i.e.
closer than the display screen (Fig. 5C).
[0060] Figs. 6A, 6B and 6C are views for explaining
the principles in which an image appears further back
than the display screen.
[0061] In each of 6A, 6B and 6C, a circle indicates an
image displayed on the display screen. First, in the 2D
mode, the image seen by the right eye and by the left
eye is in the same position. Therefore, when the image
is viewed by both eyes, the position of focus is located
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on the display screen (Fig. 6A).
[0062] On the other hand, in the left-view period of the
3D mode, the image seen by the left eye is seen at a
position shifted to the left of the zero-offset position. At
this time, the liquid crystal shutter glasses block 500 the
right eye from seeing anything. Conversely, the image
seen by the right eye is seen at a position shifted to the
right of the zero-offset position. At this time, the liquid
crystal shutter glasses 500 block the left eye from seeing
anything (Fig. 6B).
[0063] By alternately switching over a short time inter-
val, via the liquid crystal shutter glasses 500, between a
state in which an image is visible only to the left eye and
a state in which an image is visible only to the right eye,
a person’s eyes focus on a position further back than the
display screen. As a result, the person perceives an im-
age as being located at the position of focus, i.e. further
back than the display screen (Fig. 6C).
[0064] Figs. 7A and 7B show an example of how the
appearance of the image planes differs depending on
whether the offset is positive or negative.
[0065] Fig. 7A shows the example in which the ren-
dered image is shifted to the right in the left-view period,
and the rendered image is shifted to the left in the right-
view period. As a result, the subtitles during left-view out-
put appear to the right of the subtitles during right-view
output, as shown in Figs. 5A-5C. In other words, the point
of convergence (position of focus) is closer than the
screen, and thus the subtitles also appear closer.
[0066] Fig. 7B shows the example in which the ren-
dered image is shifted to the left in the left-view period,
and the rendered image is shifted to the right in the right-
view period. As a result, the subtitles during left-view out-
put appear to the left of the subtitles during right-view
output, as shown in Figs. 6A-6C. In other words, the point
of convergence (position of focus) is further back than
the screen, and thus the subtitles also appear further
back.
[0067] Figs. 8A, 8B and 8C show application program
interfaces each used for writing of a rendered image.
[0068] In Fig. 8A, a java.awt.Graphics#fillRect method
is an application program interface used for calling the
function of filling a rectangular region specified by a first
argument with a color specified by a second argument.
(To be more precise, the rendering color is the current
color specified by a java.awt.Graphics#setColor method.
For the sake of simplicity, the following describes that
the color is specified by the second argument.) The ren-
dering with this function is usable for the left image plane
104c and the right image plane 104d as well as for a
rendering plane created independently by a BD-J appli-
cation for a temporary use (Buffered Image). The position
of the rectangle region is defined by a combination of the
coordinates of the top-left pixel (x1, y1) and the coordi-
nates of the lower-right pixel (x2, y2) of the rectangle
region. The rendering with this function is usable for the
left image plane 104c and the right image plane 104d as
well as for a rendering plane created independently by a

BD-J application for a temporary use (Buffered Image).
[0069] In Fig. 8B, a java.awt.Graphics#drawImage
method is an API used for calling the function of writing
an image specified by the second argument into a posi-
tion specified by the first argument. More precisely, an
additional argument specifying a rectangular region used
to clip part of the specified image may be passed. Yet,
description of such an argument is omitted here.
[0070] A StereoGraphics#drawlmage method is an
API used for calling the function for writing an image spec-
ified by the second argument into the left image plane at
a rectangle region specified by the first argument and
also for writing an image specified by the fourth argument
into right image plane at a rectangle region specified by
the third argument.
[0071] Each rectangular region is expressed by a com-
bination of the coordinates of the top-left pixel (x1, y1)
and the coordinates of the lower-right pixel (x2, y2) of the
rectangular region. In addition, an image object to be
rendered may be an instance (bitmap image) created
from the data structure in JPEG or PNG format or a buff-
ered image.
[0072] As described above, the java.awt.Graph-
ics#drawImage method is for the process of copying an
image. Yet, with this method, only one rectangle area
can be specified for copying. On the other hand, the Ste-
reoGraphics#drawImage method is for copying a stereo
pair of left and right images at once, so that a pair of
rendering positions and a pair of rendering images are
specified. Here, the left image plane 104c and the right
image plane 104d are always set as the target planes for
the rendering caused by this method. Accordingly, argu-
ments specifying the target image planes are not includ-
ed in the arguments of the StereoGraphics#drawImage
method. It is noted that the BD-Java standards do not
include the process of simultaneous copying of left and
right images caused to be performed by the Stereo-
Graphics#drawImage method. Therefore, in order to im-
plement the StereoGraphics#drawlmage method on a
BD-ROM playback device, an addition of an extension
method, such as the StereoGraphics#drawImage meth-
od, is necessary.
[0073] Figs. 9A, 9B and 9C show specific examples of
rendering requests that can be defined with application
program interfaces shown in Figs. 8A, 8B and 8C. The
example shown in Fig. 9A corresponds to an API which
is the java.awt.Graphics#fillRect method. The figure
shows in tabular form the specific settings of a rendering
rectangle region in which an image is rendered as well
as of a rendering color. In the following description, each
rendering request defined with an API is expressed in
the same manner as Fig. 9A. With the java.awt.Graph-
ics#fillRect method, the rendering rectangle region is ex-
pressed by two sets of X and Y coordinates in the image
plane coordinate system. In this example, the rendering
rectangle region is expressed by (X1 = 50, Y1 = 100) and
(X2 = 250, Y2 = 170). The rendering color is expressed
by the RGB values, which in this example are (R = 255,
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G = 0, B = 0).
[0074] The example shown in Fig. 9B corresponds to
an API which is the java.awt.Graphics#drawImage meth-
od. The figure shows in tabular form the specific settings
of a rectangle region in which an image is rendered as
well as of an image to be rendered. With the
java.awt.Graphics#drawImage method, the rendering
rectangle region is expressed by two sets of X and Y
coordinates in the image plane coordinate system. In this
example, the rectangle region is expressed by (X1 = 50,
Y1 = 100) and (X2 = 250, Y2 = 170) and the image to be
rendered is expressed with the use of an instance vari-
able assigned to the instance of a data structure. In the
example shown in the figure, the instance variable "bit-
map image 1" is assigned to the instance of a data struc-
ture composed of 200 3 70 pixels.
[0075] The example shown in Fig. 9C corresponds to
an API which is the StereoGraphics#drawlmage method.
The figure shows in tabular form the specific settings of
two rectangular regions in each of which an image is
rendered as well as of images to be rendered in the re-
spective rectangular regions. With the StereoGraph-
ics#drawlmage method, the rectangular region on the left
image plane is expressed by two sets of X and Y coor-
dinates in the image plane coordinate system. In this ex-
ample, the rectangle region on the left image plane is
expressed by (X1 = 50, Y1 = 100) and (X2 = 250, Y2 =
170) and the image to be rendered is expressed by an
instance variable assigned to the instance of a data struc-
ture. In the example shown in the figure, the instance
variable "bitmap image 1" is assigned to the instance of
a data structure composed of 200 3 70 pixels.
[0076] In addition, the rectangle region on the right im-
age plane is expressed by two sets of X and Y coordinates
in the image plane coordinate system. In this example,
the rectangle region on the right image plane is ex-
pressed (X3 = 55, Y3 = 100) and (X4 = 255, Y4 = 170),
and the instance variable "bitmap image 2" is assigned
to the instance of a data structure composed of 200 3
70 pixels.
[0077] Fig. 10 schematically shows the writing per-
formed in response to a call for the StereoGraph-
ics#drawImage method with the arguments set as shown
in Fig. 9C. In Fig. 10, the image memory storing the ren-
dered images is shown closer, whereas the left image
plane overlaid with the left video plane as well as the right
image plane overlaid with the right video plane are shown
further back. In the figure, the specific X and Y coordi-
nates of the respective rendering rectangles defined as
in Fig. 9 are plotted on the left and right image planes.
[0078] As shown in the figure, the X coordinates plotted
on the respective image planes are slightly different form
each other. Thus, the rendered images are copied to the
respective image planes so that the positions of the im-
ages on the respective planes are slightly shifted to the
right or left. In the figure, an arrow ig1 indicates coping
of an image from the left image memory to the left image
plane, and an arrow ig2 indicates copying of an image

from the right image memory to the right image plane. In
this example, the position at which the R-image is ren-
dered is shifted to the right from the position at which the
L-image is rendered in the amount corresponding to five
pixels. Consequently, the displayed image is perceived
by the viewer as being further back than the screen. In
this example, different bitmap images are specified as
R-image and L-image to improve the stereoscopic view-
ing effect. Yet, the R-image and L-image may be the
same bitmap image.
[0079] Fig. 11 shows, for each of Frames i, j and k, the
images written on left and right video planes and on the
left and right image planes. For Frame i, one button ma-
terial is rendered. For Frame j, three button materials are
rendered. For Frame k, three button materials are written
together with letters that read subtitles, audio, and bonus.
[0080] Fig. 12 shows an effete sequence that is pre-
sented when Frames i, j and k shown in Fig. 11 are
played. Since Frames i, j and k are written as described
above, one button material appears in Frame i, then three
button materials appear in Frame j, finally a set of letters
appears next to each button material in Frame k, whereby
a menu is completed.
[0081] Note that the left and right image planes are
alternately rendered on a line-by-line basis from the top.
As a result of this line-by-line rendering, even if tearing
occurs in the worst case, it is ensured that the tearing
occurs at about the same part of both the left and right
image planes.
[0082] Fig. 13 shows how the writing processes to the
left and right image planes are performed. In the figure,
Tier 1 shows the time axis of operation of a bytecode
application, Tier 2 shows the left image memory, Tier 3
shows the right image memory, Tier 4 shows the left video
plane, and Tier 5 shows the right video plane. Image
writing is performed in Frame k + 1 and Frame k + 2,
which sequentially follow Frame k. Lines 1, 2 and 3-70
shown in the figure represent the processes in which
pieces of pixel data are sequentially written to the respec-
tive image planes. More specifically, Line 1 of the left
image plane is written, followed by writing of Line 1 of
the right image plane. Then, Line 2 of the left image plane
is written, followed by writing of Line 2 of the right image
plane. That is, the respective images are written to the
respective planes alternately in the units of lines.
[0083] For the convenience sake of description, it is
assumed that the bytecode application needs two frame
periods before starting image writing to the left and right
image planes. That is, when the bytecode application in
Tier 1 calls the StereoGraphics#drawImage in Frame k,
the rendering completes in Frame k + 2, which is two
frame periods after the calling.
[0084] Figs. 14A and 14B show the display presented
as a result of image writing performed without using the
StereoGraphics#drawImage method. That is, the left and
right image planes are independently written. Fig. 14A
shows the difference in progress of the image writing on
the left and right image planes. On the left image plane,
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which is rendered first, the button materials appear duly
with letters reading "subtitles," "audio" and "bonus". On
the right image plane, which is started to be written after
the left image plane, only one button material appears
duly with letters reading "subtitles".
[0085] As described above, each image plane accord-
ing to the present embodiment is composed of a single
buffer, so that the screen display of each image plane is
updated by overwriting the stored image displayed in
Frame j with an image to be displayed in Frame k. In
Figs. 14A and 14B, part of the image displayed in Frame
j remains on the left image plane (see the cross-hatched
part). The remaining part of the image displayed in Frame
j exists only on the right image plane but not on the left
image plane, which results inconsistency between the
left and right eyes.
[0086] Fig. 14B shows a stereographic video image
perceived by the viewer through the shutter glasses 500,
when the image planes stores image data shown in Fig.
14A. Since the button material with the letters reading
"subtitles" are commonly stored on both the left and right
image planes, this button material appears closer toward
the viewer due the stereoscopic viewing effect. In con-
trast to this, the button materials with letters reading the
"audio," and "bonus" are not commonly stored on both
the left and right image planes, so that stereoscopic view-
ing effect is not produced. Furthermore, different images
are presented to the left and right eyes, which never oc-
curs in real life. Such inconsistency between the images
presented to the left and right eyes causes visual dis-
comfort to the viewer.
[0087] Figs. 15A and 15B show the display presented
as a result of image writing performed with the use of the
StereoGraphics#drawlmage method. That is, pixel data
is written alternately to the left and right image planes on
a line-by-line basis. Fig. 15A shows the difference in
progress of the image rendering on the left and right im-
age planes. Since the left and right image planes are
alternately written line by line, the degrees of progress
on the respective planes are about the same.
[0088] Each image plane is updated by overwriting the
stored image displayed in Frame j with an image to be
displayed in Frame k. As shown Figs. 15A and 15B and
similarly to Figs. 14A and 14B part of the image displayed
in Frame k remains on the left image plane (see the cross-
hatched part).
[0089] More specifically, on the left and right image
planes, only two button materials with letters reading
"subtitles" and "audio" are stored. Such incomplete im-
ages on the respective image planes are displayed with
tearing. Yet, the remaining part of the image displayed
in Frame k is present commonly in the left and right image
planes. That is, the presence of remaining part causes
no inconsistency between the left and right video images.
[0090] Fig. 15B shows a stereographic video image
perceived by the viewer through the shutter glasses 500,
when the image planes stores image data shown in Fig.
15A. Since the button materials with the letters reading

"subtitles" or "audio" are commonly stored on both the
left and right image planes, the two button materials ap-
pear closer toward the viewer due the stereoscopic view-
ing effect. In addition, although rendering of both the left
and right image planes is incomplete, both the left and
right image planes store substantially the same image
data. In addition, even if there is inconsistency between
images stored on the respective planes, the difference
is limited to the extent of one line of pixels, which do not
cause visual discomfort to the viewer.
[0091] The following describes a program for causing
the playback device to execute the rendering with the
use of the StereoGraphics#drawlmage method.
[0092] Fig. 16 is a flowchart showing the procedures
performed by a bytecode application to display a menu.
In Step S1, the frame in which the rendered image is to
be first displayed is designated as "Frame t" and executes
the loop composed of Steps S2-S7. In the loop of Steps
S2-Step S7, the bytecode application creates an instance
of an L-image to be displayed in Frame t and designates
the instance as Image 1 (Step S2), creates an instance
of an R-image to be displayed in Frame t and designates
the instance as Image 2 (Step S3), waits until Frame t
starts (Step S4), and determines a rectangle region of
the left image plane and a rectangle region of the right
image plane at the start of Frame t (Step S5). Then, the
bytecode application sets appropriate arguments speci-
fying the determined rectangle regions on the left and
right image planes and calls the StereoGraphics#drawl-
mage method (Step S6) and designates a frame in which
a rendered image is to be displayed next as a new Frame
t (Step S7) and repeats the loop.
[0093] Fig. 17 is a flowchart showing the procedure for
line-by-line rendering performed in response to a call for
the StereoGraphics#drawlmage method. First, a variable
Y specifying the line to be written is initialized to "1" (Step
S11) and then the loop composed of Steps S12-S14 is
executed. In the loop, the following steps are performed.
First, the RGB values of pixels on the Y-th line of the
image specified by the second argument are written to
the left image plane, staring from the point defined by the
coordinates (x1, y1 + Y - 1) to the point defined by the
coordinates (x2, y1 + Y - 1) (Step S12). Next, the RGB
values of pixels on the Y-th line of the image specified
by the fourth argument are written to the right image
plane, stating from the point defined by the coordinates
(x3, y3 + Y - 1) to the point defined by the coordinates
(x4, y3 + Y - 1) (Step S13). Steps S12 and S13 are re-
peated until the judgment in Step S14 results in Yes. In
Step S14, it is judged whether y1 + Y - 1 = y2 and y3 +
Y - 1 = y4 are both satisfied. If either or both of the con-
ditions are not satisfied, the variable Y is incremented in
Step S15 and the processing goes back to Step S12.
Through the iteration of the loop, pixels of Image 1 are
written line by line to the specified rectangle region of the
left image plane. Similarly, pixels of Image 2 are written
line by line to the specified rectangle region of the right
image plane.
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[0094] As described above, the present embodiment
ensures that a pair of specifications, one specifying writ-
ing to the left plane memory and the other specifying
writing to the right plane memory, is passed from a byte-
code application, when an application interface is called.
By virtue of this, the playback device is implemented to
alternately perform the writing of pixels to the left plane
memory and the writing of pixels to the right plane mem-
ory. Accordingly, even if a frame period arrives before
completion of writing of all the pixels to be displayed in
the frame, the writing of the respective images for the left
and right eyes have progressed to the same extent. That
is, even if tearing occurs, the tearing in the image pre-
sented to the right eye and the tearing in the image pre-
sented to the left eyes are substantially the same. By
virtue of this, it is avoided that video images presented
to the respective eyes are inconsistent.

(Second Embodiment)

[0095] In a second embodiment of the present inven-
tion, a double-buffer model is adopted for each of the left
and right image planes. Fig. 18 shows a playback device
consistent with the second embodiment. Note that the
figure only shows those portions (the image memory, im-
age planes, the rendering engine, and composition unit)
relevant to the improvements made on the first embodi-
ment.
[0096] In the figure, the image memory 105, the ren-
dering engine 107 and the composition unit 110 are the
same as those described in the first embodiment. How-
ever, the image planes 104c and 104d are replaced with
a left image plane 121 and a right image plane 122. In
addition, a switch 123 is provided between the left image
plane 121 and the composition unit 110, and a switch
124 is provided between the right image plane 122 and
the composition unit 110.
[0097] The left image plane 121 is composed of two
plane memories. Each of the two plane memories is se-
lectable between an L-image display buffer and an L-
image rendering buffer. When one of the plane memories
is selected as an L-image display buffer, the other is se-
lected as an L-image rendering buffer. The L-image dis-
play buffer is used for composition by the composition
unit. The L-image rendering buffer is used for image writ-
ing by an bytecode application. Each of the buffers has
enough capacity for storing pixel data (RGBα values)
corresponding to a full-screen image.
[0098] The right image plane 122 is composed of two
plane memories. Each of the two plane memories is se-
lectable as an R-image display buffer and an R-image
rendering buffer. When one of the plane memories is
selected as an R-image display buffer, the other is se-
lected as an R-image rendering buffer. The R-image dis-
play buffer is used for composition by the composition
unit. The R-image rendering buffer is used for image writ-
ing by the bytecode application. Each of the buffers has
enough capacity for storing pixel data (RGBα values)

corresponding to a full-screen image.
[0099] The switch 123 is used for switching between
the two memories of the left image plane 121, so that the
pixel data stored on the one currently acting as the display
buffer is output to the composition unit 110.
[0100] The switch 124 is used for switching between
the two memories of the right image plane 122, so that
the pixel data stored on the one currently acting as the
display buffer is output to the composition unit 110.
[0101] Figs. 19A, 19B, 19C and 19D show the switch-
ing done by the switch 123 and the switch 124. Fig. 19A
shows a state in which rendered images to be displayed
in Frame i is being output. As shown in Fig. 19A, of the
two buffers constituting the left image plane 121, the up-
per one in the figure is currently selected as the display
buffer. Similarly, of the two buffers constituting the right
image plane 122, the upper one in the in the figure is
currently selected the display buffer. Thus, each display
buffer stores a rendered image to be displayed in Frame
i. On the other hand, the lower buffer in each pair is cur-
rently selected as a rendering buffer. Thus, an image to
be displayed in Frame j, which is subsequent to Frame
i, is being written in each rendering buffer. Fig. 19B shows
a state in which writing of the respective images to be
displayed in Frame j is completed. Since the writing to
the lower buffer of each plane memory is completed, each
of the switches 123 and 124 now selects the lower buffer
as the display buffer. As a result, a pair of images ren-
dered for Frame j is output and displayed.
[0102] Fig. 19C shows a state in which the rendered
image stored on each display buffer is copied to a cor-
responding rendering buffer. As a result, both the buffers
constituting the left image plane 121 store the same im-
age to be displayed in Frame j. Similarly, both the buffers
constituting the right image plane 122 store the same
image to be displayed in Frame j. In this way, each of a
pair of images to be displayed in Frame k is generated
by partly rewriting the image for the previous frame, so
that the part of the image remaining without being over-
written is ensured to be consistent with the previous im-
age displayed in Frame j. Fig. 19D shows a state in which
each of a pair of images to be displayed in Frame k is
being written in the upper plane memory. Upon comple-
tion of the writing to the upper plane memories, the
switches 123 and 124 now connect to the respective up-
per buffers, so that each upper buffer is selected as the
display buffer.
[0103] Fig. 20 shows the processes to be performed
to complete the writing of the left and right image planes.
Tier 1 shows the time axis of operation of a bytecode
application. Tier 2 shows the L-image rendering buffer.
Tier 3 shows the R-image rendering buffer. Tier 4 shows
the left video plane. Tier 5 shows the right video plane.
In Frame k + 1, which is immediately subsequent to
Frame k, an image is written to the R-image rendering
buffer. In Frame k + 2, an image is written to the L-image
rendering buffer. Suppose that the writing to the left and
right image planes takes two frame periods and that the
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bytecode application calls the StereoGraphics#drawIm-
age method in Frame k, then the rendering process com-
pletes in Frame k + 2, which is two frames after Frame
k. When Frame k + 2 starts, the L-image and R-image
rendering buffers are switched to be the L-image and R-
image display buffers, respectively. As a result of the
switching, a new pair of images is displayed.
[0104] Fig. 21 is a flowchart showing the rendering pro-
cedure performed using the double buffers and in re-
sponse to a call for the StereoGraphics#drawImage
method. As shown in the flowchart, the variable Y spec-
ifying the line to be written is initialized to "1" (Step S21)
and the loop composed of Steps S22-S24 is performed.
In the loop, the RGB values of pixels on the Y-th line of
the image specified by the second argument are written
to the left image plane, starting from the point defined by
the coordinates (x1, y1 + Y - 1) to the point defined by
the coordinates (x2, y1 + Y - 1) (Step S22). This process
is repeated until a judgment in Step S23 results in Yes.
In Step S23, it is judged whether or not the condition y1
+ Y - 1 = y2 is satisfied. If the condition is not satisfied,
the variable Y is incremented in Step S24 and then Step
S22 is performed. Through the iterations of the loop, pixel
data of Image 1 is written line by line in the specified
rectangle region of the left image plane.
[0105] Then, the variable Y is initialized to "1" (Step
S25) and the loop composed of Steps S26-S28 is per-
formed. In the loop, the RGB values of pixels on the Y-
th line of the image specified by the fourth argument are
written to the right image plane, staring from the point
defined by the coordinates (x3, y3 + Y - 1) to the point
defined by the coordinates (x4, y3 + Y - 1) (Step S26).
This process is repeated until a judgment in Step S27
results in Yes. In Step S27, it is judged whether or not
the condition y3 + Y - 1 = y4 is satisfied. If the condition
is not satisfied, the variable Y is incremented in Step S28
and then Step S26 is performed. Through the iterations
of Steps S26-S28, pixel data of Image 2 is written line by
line in the specified rectangle region of the right image
plane. After the loop of Steps S26-S28 ends, Step S29
is performed to switch between the L-image rendering
buffer and the L-image display buffer simultaneously with
switching between the R-image rendering buffer and the
R-image display buffer. As a result, the display is updat-
ed.
[0106] As described above, the present embodiment
employs a pair of image planes each composed of double
buffers, occurrence of inconsistency between left and
right video images is avoided.

(Third Embodiment)

[0107] A third embodiment of the present invention re-
lates to an improvement in specification of the size of an
image plane, during application signaling performed by
a playback device. The lifecycle of the application sign-
aling is bounded to a title stored on a recording medium.
[0108] In the present embodiment, the recording me-

dium stores an index table and an operation mode object
described below.
[0109] The index table is management information of
the entire recording medium. After a disc is inserted into
the playback device, the index table is first read, and the
recording medium is thus uniquely recognized by the
playback device.
[0110] The index table associates each of a plurality
of title numbers that can be stored in the title number
register of the playback device, with a corresponding op-
eration mode object that determines the operation mode
of the playback device. Each title stored on the recording
medium refers to a combination of an operation mode
object associated with a corresponding title number and
a playlist that is played back by the operation mode ob-
ject. A playlist is a playback unit that is determined by
defining a playback sequence of digital stream containing
a video stream.
[0111] The title numbers that the title number register
may hold include 0, 1-999, an undefined value (OxFFFF).
The title number 0 is of the top menu title that can be
called by a user operation of menu call. The undefined
title number (0xFFFF) is of the first play title for displaying
a warning for viewers or the content provider’s logo, etc.
immediately after the recording medium is loaded.
[0112] The index table stores a plurality of entries (in-
dex table entries) for the respective title numbers. Each
index table entry describes an operation mode object de-
fining an operation mode in which a corresponding title
operates.
[0113] Upon loading of the recording medium to the
playback device, the value held by the title number reg-
ister changes in the following order: 0xFFFF → 1-999 →
0. The change of the title number indicates the following.
That is, playback of the firstplay title starts upon loading
of the recording medium. After the playback of the first
title , the title specified by the title number falling within
the range from 1 to 999 is played. After the playback of
the specified title, the top-menu title is played and the
playback device is placed in standby for a selection by a
user. One of the titles corresponding to the title number
that is currently held in the title number register is the title
currently targeted for playback and such a title is referred
to as "current title". The value held in the title number
register is determined by a user operation made on the
top-menu title or by settings by a program.
[0114] This concludes the description of the index ta-
ble. The following now describes the details of operation
mode objects
[0115] An operation mode object is information defin-
ing a title by associating a playlist and an application. Fig.
22 shows one example of the internal structure of an
operation mode object. As shown in the figure, the oper-
ation mode object is composed of an "application man-
agement table", a "terminal management table", "appli-
cation cache information", "playlist access information"
and a "key interest table".
[0116] The "application management table" includes a
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plurality of entries. A leader line bj1 indicates that the
application management table is shown in close-up. As
the leader line indicates, each entry of the application
management table includes a "control code", an "appli-
cation ID", and "application details" of a corresponding
application. The "control code" indicates the startup
method for the application in a title, i.e. whether the ap-
plication is to be started automatically (AutoStart) or
whether it should wait to start until it is called by another
application (Present). The "application ID" indicates the
targeted application using a set of five-digit numbers,
which is used as the file name for the JAR file. A leader
line bj2 indicates that the "application details" are shown
in close-up. As the leader line indicates, the "application
details" includes the following information items for each
application: the "priority level" of the application when the
application is loaded; "binding information" indicating
whether the application is title unbound or not and wheth-
er it is disc unbound or not; a string of characters indi-
cating the name of the application; a "language code"
indicating to which language the application belongs; and
an "icon locator" indicating the location of an icon asso-
ciated with the application.
[0117] By determining a title as a lifecycle of a corre-
sponding application, the consumption of memory re-
sources and the like by each application is managed in
units of titles (i.e., playback units). In this way, even if a
resource conflict occurs among a plurality of applications
during playback of a title causing deadlock, all the appli-
cations are all terminated in response to a user operation
of selecting another title. Thus, the deadlock is forcibly
resolved. Also, even if a runaway application occupies
memory during playback of a title, the memory shortage
is forcibly resolved in response to a user operation of
selecting another title. In this way, memory resources are
not consumed unnecessarily, permitting stable manage-
ment of memory resources. Since stable management
of memory resources is possible, such management is
especially useful when implemented in an electric appli-
ance with limited memory resource capacity.
[0118] The "terminal management table" is a manage-
ment table defining processes to be performed by the
application currently running for displaying GUI via HAVi
interface, such as the one implemented by European dig-
ital broadcast terminal (DVB-MHP). Each entry of the ta-
ble includes configuration information used for executing
GUI display, font data to be used for GUI display, a mask
flag indicating whether or not to mask a menu call or title
call for GUI when such a call is made by the user. The
configuration information is to instruct the playback de-
vice to reserve, on a memory device of the playback de-
vice, a graphics plane having a size corresponding to the
resolution of a video stream to be played, before graphics
rendering by an application to be activated in accordance
with the application management table included in an
operation mode object. A leader line bj3 indicates that
the internal structure of the terminal management table
is shown in close-up. As a leader line bj3 indicates, the

terminal management table may be set to any of the fol-
lowing: [HD3D_1920 3 1080, HD3D_1280 3 720,
HD_1920 3 1080, HD_1280 3 720, QHD_960 3 540,
SD, SD_50HZ_720 3 576, and SD_60HZ_720 3 480.
[0119] The "application cache information" is used
when a title corresponding to an operation mode object
becomes the current title. More specifically, the applica-
tion cache information defines an application whose file
needs to be read into the cache of the platform before
AV playback by the title starts and includes entries for
the applications whose lifecycle is defined in the appli-
cation management table. Each entry is information that
instructs the playback device to cache each application
whose lifecycle is defined in the application management
table. The ranks are assigned to the entries, so that the
playback device is instructed to cache the applications
one by one in the decreasing order of rank, i.e., starting
from highest until the cache becomes full. With this ar-
rangement, the startup delay due to the time taken for
class load is decreased even when classes of bytecode
applications are loaded from a low-speed optical disc me-
dium.
[0120] The "playlist access information" includes spec-
ification of an auto-playback playlist to be automatically
played back when a title corresponding to an operation
mode object becomes the current title. Further, the play-
list access information includes the specification of play-
lists selectable by an application set to run when a title
corresponding to an operation mode object becomes the
current title. A leader line bj4 indicates that the internal
structure of information specifying auto-playback playl-
ists is shown in close-up. As the leader line bj4 indicates,
the specification of an auto-playback playlist may specify
the following playlists: 3D playlist 1920 3 1080, 3D play-
list 1280 3 720, 2D playlist 1920 3 1080, 2D playlist
1280 3 720, 2D playlist 720 3 576, and 2D playlist 720
3 480.
[0121] In response to a selection of one of the titles,
the playback device starts playback of a playlist specified
by the playlist access information of the selected current
title, without waiting for a playback instruction from the
application. If execution of the bytecode application ends
before playback of the playlist ends, the playback device
continues the playback of the playlist.
[0122] By virtue of the advanced start of playback,
playback images presented by playlist playback are out-
put until an interactive screen is displayed, if the display
of an interactive screen is delayed due to the delayed
image rendering caused as a result of the time taken for
the class loading by the application. That is, even if the
delay of application activation is relatively long, playback
images by the playlist playback is presented to the user
for viewing for the time being. Since images are present-
ed even during the time the application is brought into
the state of readiness, user’s anxiety is avoided.
[0123] In addition, the playlist playback and the appli-
cation execution may not end at the same time, which
leads to abnormal termination of the application due to
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the shortage of resources and thus GUI display by the
application is automatically erased. Even so, playback
images by the playlist remain on the display device as
long as the display of such playback images is continued.
Thus, even after abnormal termination of the bytecode
application, the display device still presents some imag-
es, avoiding screen blackout.
[0124] The "key interest table" stores entries for a plu-
rality of key entries corresponding to keys provided on
the remote controller. The key entries include a playback
key entry, a stop key entry, a fast-forward key entry, a
reverse key entry, an up-direction key entry, a down-di-
rection key entry, a right key entry, and a left key entry.
Each key entry defines whether or not to generate a key
event in response to a push of a corresponding key. The
event manager of the playback device judges a gener-
ated event matches any key event listed in the key inter-
est table. If there is a match, a corresponding key event
is output to the bytecode application, so that the key event
is processed.
[0125] On the other hand, if a generated event is not
listed in the key interest table, the operation manager of
the playback device causes the playback control engine
to execute an AV function corresponding to the event. In
this way, even if the bytecode application does not sup-
port every possible event or has bags, it is still ensured
that the operation manger controls the playback control
engine. Since the key interest table ensures adequate
control without being affected by bugs that may be pre-
sented in the application, software houses of applications
are encouraged not to care much about the risk of bugs
and to implement playback control not realized by the
other competitors.
[0126] Fig. 23 is a flowchart showing one example of
the procedures for setting the plane memory resolutions
at the time of title switching. As shown in the flowchart,
Steps S34, S35 and S37 are selectively executed in ac-
cordance with the judgment results of Steps S31, S32,
S33 and S36.
[0127] In Step S31, it is judged whether any auto-play-
back playlist exists or not. In Step S32, it is judged wheth-
er the immediately preceding display mode is a 3D dis-
play mode. In Step S33, it is judged whether or not the
auto-playback playlist of the selected title is a 3D playlist
with a resolution of 1920 3 1080 or a 3D playlist with a
resolution of 1280 3 720.
[0128] When no auto-playback playlist exists, it is
judged in Step S36 whether the default resolution of the
operation mode object is set to either HD3D_1920 3
1080 or HD3D_280 3 720. If the judgment of Step S36
results in Yes, the display mode is set to the 3D display
mode and the resolution is set to the corresponding de-
fault resolution of 1920 3 1080 or 1280 3 720 in Step
S35. If the judgment of Step S36 results in No, then Step
S37 is performed to set the display mode to 2D and the
resolution to the default resolution of the operation mode
object.
[0129] If no auto-playback playlist exists, Step S32 is

performed to judge whether the immediately previous
display mode is 2D and/or Step S33 is performed to judge
whether the playlist is a 3D playlist at a resolution of either
1920 3 1080 or 1280 3 720. If the judgment in either of
Steps S32 and S33 results in No, Step S34 is performed
to set the display mode to 2D and the resolution to the
default resolution of the auto-playback playlist.
[0130] If the judgments in Steps S32 and S33 both re-
sult in Yes, Step S35 is performed to set the display mode
to 3D and the resolution to either of 1920 3 1080 and
1280 3 720 depending on the resolution of the auto-
playback playlist.
[0131] In the present embodiment, the bytecode appli-
cation can use the getCurrentConfiguration method, the
getBestConfigurarion method, the setConfiguration
method, and the setCoherentConfigurarion method to
access plane memories including image planes.
[0132] The getCurrentConfiguration is an AP1 used for
allowing the bytecode application to acquire the display
settings of the plane memories.
[0133] The getBestConfiguration method is used to re-
turn optimum setting information of the individual planes
of the playback device to the bytecode application.
[0134] The setConfiguration method is used to exclu-
sively change the settings of the plane specified by the
argument.
[0135] The setCoherentConfigurations method is used
for commonly setting a plurality of plane memories. For
example, the setCoherentConfigurations method may be
called after setting the argument to specify a resolution.
As a result, all the plane memories are commonly set to
the specified resolution.
[0136] Thus, at the time of starting a title, the bytecode
application uses the getCurrentConfiguration method to
acquire the resolution of image planes defined in the ter-
minal management table or playlist access information
of the operation mode object. Then, the bytecode appli-
cation adjusts the occurrence of images to be rendered
on the left and right image planes based on the acquired
resolution and also adjusts the rendering position of the
images. The bytecode application then issues the Ster-
eoGraphics#drawlmage method.
[0137] Alternatively, the bytecode application may
judge whether the resolution acquired by using the get-
CurrentConfiguration method is appropriate for the im-
ages to be rendered. On judging that the resolution is
appropriate, the bytecode application issues the Stere-
oGraphics#drawlmage method without any adjustment.
[0138] On judging that the resolution is not appropriate,
the bytecode application uses the setConfiguration meth-
od to set the image planes to an appropriate resolution
and then calls the StereoGraphics#drawlmage method.
[0139] Through the above steps, the bytecode appli-
cation can acquire the resolution set for the image planes
via an application program interface, which enables to
specify an optimum rectangle region for calling the Ste-
reoGraphics#drawImage method.
[0140] As described above, according to the present
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embodiment, a rectangle region for image rendering is
specified based on the coordinate system specified in
the terminal management table and the playlist manage-
ment table of the operation mode object.

(Fourth Embodiment)

[0141] A fourth embodiment of the present invention
is an integration of the embodiments described above.
In the present embodiment, the recording medium 100
is a BD-ROM and the playback device 200 is a BD-ROM
playback device.
[0142] The present embodiment is described on the
precondition that stereoscopic playback of video images
stored on the BD-ROM recording medium is executed
for viewing. According to the BD-ROM standard, play-
back of data stored on a local storage or on a removable
medium in compliance with the BD-ROM standard is also
possible. In view of the above, the following describes
the embodiment in which the playback device 200 dis-
plays stereoscopic images stored on the above-men-
tioned medium and storage. Naturally, the present em-
bodiment may be modified to be applicable to stereo-
scopic display of images supplied wirelessly on e.g., a
broadcast wave or via a wired network such as a cable,
or via another recording medium.
[0143] The following describes the internal structure of
the BD-ROM 100 to be played back by the playback de-
vice 200. Fig. 24 shows the internal structure of the BD-
ROM 100.
[0144] Tier 4 of Fig. 24 shows the BD-ROM, and Tier
3 shows a track on the BD-ROM. Although the track spi-
rals outwards from the inner circumference of the BD-
ROM, it is extended horizontally in the depiction in Fig.
24. The track consists of a lead-in area, a volume area
and a lead-out area. In addition, a special area called a
BCA (Burst Cutting Area) exists in the lead-in area. The
BCA is readable only by a limited entity and therefore
often used for copyright protection technology or the like.
[0145] The volume area in Fig. 24 has a layer model
having a physical layer, a file system layer and an appli-
cation layer. The volume area stores application data
such as image data starting with file system information.
The file system is UDF, ISO9660, or the like. In the same
manner as a normal PC, logic data stored in the volume
area is readable with use of a directory or a file structure.
A file name or a directory name consisting of 255 char-
acters can be read.
[0146] Tier 1 of Fig. 24 shows the application layer for-
mat (application format) of the BD-ROM expressed using
a directory structure. As shown in Tier 1, the BD-ROM
has a CERTIFICATE directory and a BDMV directory be-
low a Root directory.
[0147] The BDMV directory is a directory in which data
such as AV content and management information used
in the BD-ROM are recorded. The BDMV directory has
six sub-directories called a PLAYLIST directory, a CLI-
PINF directory, a STREAM directory, a BDJO directory,

a JAR directory, and META directory. The BDMV direc-
tory stores two types of files, i.e. INDEX.BDMV and Mov-
ieObject.bdmv. The INDEX.BDMV file stores the index
table described in the above embodiments, and the Mov-
ieObject.bdmv file stores a program for executing control
that is compatible with DVD.
[0148] The STREAM directory is a directory for storing
a file that is the body of a transport stream. A file having
the extension "m2ts" (e.g., 00001.m2ts) exists in the
STREAM directory.
[0149] The PLAYLIST directory is a directory for stor-
ing files each having the extension "mpls" (e.g.,
00001.mpls).
[0150] The CLIPINF directory is a directory for storing
file each having the extension "clpi" (e.g., 00001.clpi).
[0151] The BDJO directory is a directory for storing files
each having the extension "bdjo" (e.g., XXXXX.bdjo).
[0152] The JAR directory is a directory for storing files
each having the extension "jar" (e.g., YYYYY.jar).
[0153] The META directory is a directory for storing
XML files (e.g., ZZZZZ.xml).
[0154] These files are described below.
[0155] First, a file having the extension "m2ts" is de-
scribed. A file to which the extension "m2ts" is given
stores a digital AV stream in the MPEG-TS (Transport
Stream) format and is acquired by multiplexing various
streams including a video stream, one or more audio
streams, one or more graphics streams, and one or more
text subtitle streams. The video stream represents the
moving pictures of a movie, and the audio streams rep-
resent the audio of the movie.
[0156] A file to which the extension "mpls" is given
stores information for the playback device to execute
playlist playback. A "playlist" defines playback sections
along the time axis of the transport stream (TS) and is a
playback path defined by logically specifying the play-
back order of playback sections. More specifically, the
playlist has the function of defining which part of the TS
is played and in what order scenes unfold. The playlist
information defines the "type" of the playlist. The play-
back path defined by a playlist is a so-called "multi-path"
that bundles together a playback path (main-path) de-
fined for the main AV stream and a playback path (sub-
path) defined for a sub-stream. By defining a playback
path for a left-eye video stream as the main path, and a
playback path for a right-eye video stream as the sub-
path, a multi-path that is suitable for stereoscopic play-
back of video streams is defined.
[0157] Chapter points are defined on the playback time
axis of such a multi-path. By referring to the chapter
points, the playback device is enabled to randomly ac-
cess an arbitrary playback point in the time axis of the
multi-path. A Java™ application for playback control in-
structs a Java™ virtual machine to create a JMF player
instance for playback of the playlist information, so that
the multi-path AV playback is started. The JMF (Java
Media Frame work) player instance refers to actual data
created from the JMF player class on the heap memory
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of the virtual machine.
[0158] A file with the extension "clpi" stores Clip infor-
mation. Files with the extension "clpi" are provided in one-
to-one correspondence with MPEG2 stream files. With
the Clip information, a corresponding stream file is man-
aged as an "AV Clip". The Clip information has informa-
tion on the encoding format, frame rate, bit rate, resolu-
tion, etc. of the stream in the AVClip, as well as an
EP_map showing the starting point of GOPs. By loading
the Clip information to the memory prior to access to a
corresponding stream file, the playback device is in-
formed of the transport stream contained in the stream
file to be accessed. The Clip information and playlist in-
formation are classified as "static scenario".
[0159] A file to which the extension "BDJO" is given is
a file storing a BD-J object. A BD-J object refers to an
operation mode object described in the above embodi-
ments and includes various pieces of information used
for execution of a BD-Java application. According to the
BD-ROM standard, an application program may be ex-
ecuted during video playback to handle any given com-
puting during video playback. For example, dynamic
playback control interactivity with the user during play-
back, and so on are realized. The BD-ROM adopts Java™

as the application platform standard and the Java™ plat-
form adopted according to the BD-ROM standard is re-
ferred to as BD-Java or BD-J and an execution applica-
tion is referred to as a BD-Java application or a BD-J
application.
[0160] A JAR file is an archive file containing a file of
a BD-J application class structure (class file) combined
with a digital certificate manifest file, a disc signature file,
and disc signature encryption key file, and a permission
request file. The above-described loading of application
cache information to a cache is done collectively in the
unit of a JAR file.
[0161] The following describes data elements archived
into the JAR file.

(i) The BD-J application defined by the class struc-
ture file is a Java™ Xlet that is controlled via an Xlet
interface by the application manager included in the
platform. The Xlet interface has four states, "loaded,"
"paused," "active," and "destroyed," and is event
driven, i.e. changes state and performs control in
accordance with events. A key event that triggers
operation of an application is prerecorded in the Xlet
interface. Key events that trigger operation are reg-
istered in this way by an event listener.
(ii) The digital certificate manifest file corresponds to
a digital certificate and contains information describ-
ing the attributes of the Java™ archive file and hash
values of class files and data files in the Java™ ar-
chive file.
(iii) The disc signature file stores the hash value of
the manifest file.
(iv) The disc signature encryption key file stores a
"digital certificate chain" and the "signature informa-

tion" of signature file.
The "signature information" is obtained by applying
a signature process to the digital signature file. The
signature process employs a secrete key paired with
a public key used for the digital certificate chain con-
tained in the digital signature file.
The "digital certificate chain" refers to a chain of a
plurality of certificates in which the first certificate
(root certificate) signs the second certificate and n-
th certificate signs the (n + 1)-th certificate. The last
certificate in the digital certificate chain is referred to
as a "leaf certificate". With this configuration, each
certificate starting from the root certificate verifies
the next certificate, so that all the certificates in the
digital certificate chain are verified.
(v) The permission request file contains information
indicating permissions given to the Java™ applica-
tion to be executed. More specifically, credential
(digital credential certificate) and the permission in-
formation regarding application-to-application com-
munications are contained.
The "credential" is information used for sharing files
stored in an organization directory belonging to a
specific organization. The files are shared by giving
the right to use the files for an application belonging
to a specific organization to an application belonging
to another organization. For this purpose, the cre-
dential contains a provider organization ID identify-
ing the organization that provides the usage right
and a recipient organization ID identifying the organ-
ization that receives the right.
(vi) In addition to the files described above, a PNG
file is stored. The PNG file is a data structure defining
a rendering image. According to the present embod-
iment, a data structure defining a rendering image
may be contained in the JAR file together with the
class structure of the BD-J application and thus load-
ed collectively.

[0162] The class file defining the BD-J application is
collectively loaded with the signature file, manifest file,
digital certificate chain and permission request file de-
scribed above. Therefore, before executing the BD-J ap-
plication, the playback device can sign the BD-J applica-
tion using the manifest file, digital certificate chain and
permission request file. Note that a BD-J application that
is signed by using the manifest file, digital certificate chain
and permission request file is referred so as a "signed
application." On the other hand, a BD-J application that
is not signed and thus part or all of the functionality is
limited is referred to as "unsigned application". By the
signing described above, operation of the BD-J applica-
tion is limited not to be disadvantages for content crea-
tion. With the use of the permission request file described
above, only limited BD-J applications having specific right
assigned are permitted to render images with the use of
the StereoGraphics#drawlmage method as well as to
write other images on the plane memory for realizing ster-
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eoscopic playback.
[0163] A metafile (ZZZZZ.xml) stored in the META di-
rectory contains various information related to a movie
stored on the disc. Examples of the information contained
in the metafile include the name of the disc, an image of
the disc, and the name of the creator of the disc, and the
name of each title.
[0164] This concludes the description of the BDMV di-
rectory.
[0165] The CERTIFICATE directory stores a file of the
disc root certificate (app.discroot.cert).
[0166] This file contains information about a digital cer-
tificate that is used in a process (hereinafter, "signature
verification") to confirm that the BD-J application has not
been tampered with and to authenticate the identity of
the BD-J application.
[0167] This concludes the description of the BD-ROM
100. Some or the files including the metafile are not nec-
essarily essential. Playback of the BD-ROM 100 as a
video recording medium is duly possible according to the
BD-ROM standard, even without one or more of the files
described above.
[0168] Next, the playback device 200 according to the
present embodiment is described in detail.
[0169] Fig. 25 is a block diagram showing the internal
structure of the playback device according to the fourth
embodiment. As shown in Fig. 25, the playback device
includes a BD drive 1, a track buffer 2, a demultiplexer
3, a video decoder 4, a left video plane 5, a right video
plane 6, an image memory 7, an image decoder 8, the
left image plane 9, the right image plane 10, a static sce-
nario memory 11, a dynamic scenario memory 12, a con-
trol unit 13, an HDMV module 14, a BD-J module 15, a
mode management module 16, a dispatcher 17, an AV
playback control engine 18, an application data associ-
ation module 19, a plane composition unit 20, a UO de-
tection module 21, a rendering engine 22, a network in-
terface 23, a local storage 24, a virtual file system 25, an
audio decoder 26, a removable medium 27, a dimension
determiner 28, a dimension mode storage 29, and a left-
and-right rendering arbiter 30 (hereinafter L-R rendering
arbiter 30).
[0170] The BD-ROM drive 1 loads/ejects the BD-ROM
and performs an access to the BD-ROM.
[0171] The track buffer 2 is FIFO memory and stores
source packets of a digital stream read from BD-ROM in
the first-in first-out order.
[0172] The demultiplexer 3 demultiplexes transport
streams recorded on either of the local storage 24 and
the removable medium 27 whichever is currently loaded
in the BD-ROM drive 1. As a result of demultiplexing, the
demultiplexer 3 acquires video frames constituting
GOPs, audio frames, a graphics stream, and scenario
information. The video frames are output to the video
decoder 4. The audio frames to be played in synchronism
with the GOPs are output to the audio decoder 26. The
graphics stream is stored to the image memory 7. The
scenario information is stored to the dynamic scenario

memory 12. Demultiplexing by the demultiplexer 3 in-
volves the process of converting TS packets into PES
packets. In addition, the demultiplexer 3 switches be-
tween the process for stereoscopic viewing (3D) and the
process for 2D viewing.
[0173] The video decoder 4 is a decoder compliant with
the modified MPEG-4 AVC/H.264 standard called Multi-
view Video Coding (MVC) and decodes a video stream
having been coded according to MPEG-4 AVC, by way
of motion prediction using the similarity between video
images in a time sequence or between left and right video
images.
[0174] Each of the left video plane 5 and the right video
plane 6 is memory for storing an uncompressed picture
obtained as a result of decoding by the video decoder 4.
The left video plane 5 stores a video picture for left eye,
whereas the right video plane 6 stores a video picture for
right eye.
[0175] The image memory 7 is a buffer for storing a
graphics stream, subtitle data, and image data such as
a picture image, read via the virtual file system 25 on the
BD-J terminal.
[0176] The image decoder 8 decodes the graphics
stream, subtitle data or image data stored on the image
memory 7 and writes uncompressed data obtained by
the decoding to the left and right image planes 9 and 10.
[0177] Each of the left and right image planes 9 and
10 is plane memory referred to as a GFX plane on the
BD-J terminal and stores a corresponding piece of image
data for left eye or for right eye in uncompressed format.
The BD-ROM provides data for a plurality of image planes
and the planes are separately overlaid with a video plane.
Specific examples include the graphics stream, subtitle
data, and image data that are output from the image de-
coder 8, image data generated as a result of the rendering
process by the rendering engine 22, and a plane for back-
ground (still) image, which is not illustrated in the figure.
Yet, in order to simplify the description, the present em-
bodiment is described on the precondition that that there
is one image plane. In addition, the following description
focuses on the rendering process performed by the ren-
dering engine 22.
[0178] The static scenario memory 11 is used to store
a current playlist and current stream management infor-
mation. The current playlist refers to one of the PLs that
can be read via the virtual file system 25 and that is cur-
rently processed. The current stream management infor-
mation refers to a piece of stream management informa-
tion that is currently processed, out of the plurality of piec-
es of stream management information that are readable
via the virtual file system 25.
[0179] The dynamic scenario memory 12 is used to
store a current dynamic scenario and used for processing
by the HDMV module 14 and the BD-J module 15. The
current dynamic scenario refers to a dynamic scenario
that is currently processed, out of the plurality of dynamic
scenarios that are readable via the virtual file system 25.
[0180] The control unit 13 is a microcomputer system
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composed of ROM, RAM, and a CPU. The ROM stores
a program controlling the playback device. The program
in the ROM is read into the CPU, and by cooperating with
the hardware resources, the program implements the
functions the HDMV module 14, the BD-J module 15, the
mode management module 16, the dispatcher 17, the
AV playback control engine 18, the application data as-
sociation module 19 and the L-R rendering arbiter 30.
[0181] The HDMV module 14 is a virtual player for DVD
videos. The term DMV (High Definition Movie Mode) re-
fers to a playback format that is compatible with DVD
playback.
[0182] The BD-J module 15 is a module that imple-
ments the functions of some components of the platform
unit described in the first embodiment. More specifically,
the BD-J module 15 implements the functions of the heap
memory 111, the bytecode interpreter 112, the class
loader 113 and the application manager 114 and exe-
cutes an BD-J application.
[0183] The mode management module 16 holds the
mode management table read via the virtual file system
25 and handles the mode management and branch con-
trol. In the mode management by the mode management
module 16, module allocation is performed to decide
which of the HDMV module 14 and the BD-J module 15
is to execute a dynamic scenario.
[0184] The dispatcher 17 selects user operation (here-
inafter may be referred to as "UO") appropriate in the
current mode of the playback device, from among UOs
received from the UO detection module 21 and passes
the selected UOs to the module assigned to execute in
the mode. Suppose, for example, when UOs for up,
down, right, and left movements and for activation are
received in the HDMV mode, the dispatcher 17 outputs
the UOs to the HDMV mode module.
[0185] The AV playback control engine 18 executes
AV playback functions and the playlist playback functions
in response to a call from the HDMV module 14 or the
BD-J module 15. AV playback functions are a function
group inherited from DVD players and CD players, i.e.
processing such as starting and stopping playback,
pause, un-pause, cancel still picture function, fast for-
ward at an indicated playback rate, rewind at an indicated
playback rate, audio switching, sub-video switching, an-
gle switching, etc. Playlist playback functions refer to
starting or pausing playback in accordance with the play-
list information.
[0186] The application data association module 19
generates and updates application data association in-
formation, based on information read via the virtual file
system 25, results of computation within the playback
device and the attribute information set by the applica-
tion.
[0187] The UO detection module 21 accepts user op-
erations (UOs) that the viewer made on the playback
device. Such UOs may be made remotely on e.g., the
remote controller or directly on the playback device via
an interface such as a button provided on the playback

device.
[0188] The plane composition unit 20 composites un-
compressed picture data stored on either of the left video
plane 5 and the right video plane 6 with the image data
stored on a corresponding one of the left image plane 9
and the right image plane 10 and sequentially outputs
composite images. In addition, upon completion of the
composition for one plane, the plane composition unit 20
issues a composition completion notification to the L-R
rendering arbiter 30. The composition completion notifi-
cation indicates which of the left and right planes is com-
pleted.
[0189] The rendering engine 22 performs the process
of rendering images on the left image plane 9 and the
right image plane 10. The BD-J module 15 is provided
with a library of rendering processes to be performed by
the rendering engine 22 on the left image plane 9 and
the right image plane 10. The rendering processes in-
clude the rendering of lines or an object such as a rec-
tangle with a specified color, filling of a specified region,
and copy and paste of a specified image. By continuously
issuing requests for the rendering processes, the BD-J
application realizes rendering of various graphics.
[0190] The network interface 23 is used for download-
ing BD-ROM supplemental contents publicly available
on the Internet. Supplemental BD-ROM contents are
contents not on the original BD-ROM, such as supple-
mental sub-audio, subtitles, bonus video, applications,
etc. The BD-J module 15 controls the network interface
23, so that a supplemental content released on the In-
ternet is downloaded to the local storage 24 or the re-
movable medium 27.
[0191] The local storage 24 is a magnetic recording
device, such as a hard disk, built into the playback device
and stores various data used for the transport stream
and playback in the file format of the BD-ROM 100 or in
a compatible file format.
[0192] The virtual file system 25 is a file system that
provides the functionality of reading and writing files
stored on the BD-ROM 100, the local storage 24, and
the removable medium 27.
[0193] Usually, the playback device is required to ac-
cess files on the BD-ROM 100 for executing playback of
the BD-ROM. Yet, the virtual file system 25 provides the
functionality of virtually converting file address so that
files on the local storage 24 and the removable medium
27 are accessed as if they are stored on the BD-ROM
100. That is, the virtual file system 25 provides the func-
tionality for implementing the abstraction of the physical
recording medium.
[0194] The audio decoder 26 decodes audio frames
output from the demultiplexer 3 into uncompressed audio
data and outputs the uncompressed audio data.
[0195] The removable medium 27 is a storage medium
that is inserted into an external slot attached to the play-
back device. A typical example of the storage medium
may be a flash medium such as an SD card. Alternatively,
a USB memory, removable hard disk, and any other stor-
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age medium may be used.
[0196] The dimension determiner 28 judges whether
a video to be played back is for stereoscopic viewing (3D)
or for 2D and outputs the result of judgment to the dimen-
sion mode storage 29. The current playlist or the current
stream may contain a flag indicating whether the video
supports stereoscopic viewing (3D). In that case, the di-
mension determiner 28 makes the judgment with refer-
ence to the flag. Alternatively, the judgment may be
switched according to the specification of the user of the
playback device.
[0197] The dimension mode storage 29 stores infor-
mation indicating whether the video currently played is
for stereoscopic viewing (3D) or for 2D.
[0198] The L-R rendering arbiter 30 is a component of
the middleware 115 and divides the rendering requests
that are continually issued by the BD-J module 15 into
those for the left image plane 9 and for the right image
plane 10. It is assumed that a typical BD-J application
that renders stereoscopic graphics continuously repeats
the process of rendering images of an object as seen
from the left eye on the left image plane 9 and an image
of the same object as seen from the right eye on the right
image plane 10. In view of this assumption, the L-R ren-
dering arbiter 30 extracts pairs of rendering requests
each corresponding to the rendering processes of a ster-
eo pair of images and controls the rendering engine 22
with respect to the timing and order of the rendering proc-
esses to ensure that the plane composition unit 20 does
not output a video image causing visual inconsistency
between the right eye and left eye. As a result, tearing
of the stereoscopic image is suppressed.
[0199] The specific method for dividing the rendering
requests into pairs and control of the rendering engine
22 for the rendering process is described later.
[0200] The following description of the present embod-
iment is given on the precondition that each playlist con-
tains a dimension identifying flag identifying whether the
playlist is for 2D playback or 3D playback.
[0201] First, how the playback device produces 3D im-
ages is described with reference to Fig. 25 showing the
structure of the playback device. The BD-ROM may store
separate streams one for left eye or another for right eye
(hereinafter, "L-stream" and "R stream"). Alternatively,
the BD-ROM may store one stream file in which L and R
streams are emended under a specific rule. In the present
embodiment, L and R streams are embedded into one
stream file.
[0202] The demultiplexer 3 separates the R-stream
and L-stream with reference to the header information.
[0203] According to the present embodiment, the play-
back device 200 includes a pair of video decoders, the
left video plane 5, which is a video plane for left eye, and
the right video plane 6, which is a video plane for right
eye. To output stereoscopic video images, the pair of
video decoders alternately process images for left eye
and right eye and outputs the processed images alter-
nately to a corresponding one of the left video plane 5

and the right video plane 6.
[0204] Upon receipt of a playback instruction, the play-
back device 200 starts the processing shown in Fig. 26.
A playback instruction is given in various ways. For ex-
ample, a playback instruction is given in response to a
user operation (a push of a playback button, for example)
specifying playback time. Also, a playback instruction is
given automatically upon insertion of the BD-ROM 100
to the playback device. Also, a playback instruction is
given automatically according to settings of the playback
device made, for example, by the BD-J module. In the
present embodiment, a playback instruction is given in
any appropriate way.
[0205] Fig. 26 is a flowchart showing the procedure for
frame processing for the alternate output of the left and
right planes. The frame processing is to read data from
the video plane and the image plane during a frame pe-
riod of the video signal and output the read data after
overlaying. Since the writing processing conducted by
the middleware on the mage planes has been described
already in the first to third embodiments, the present em-
bodiment mainly describes the reading of data from the
image planes and video planes to the composition unit.
[0206] In Step S401, the AV playback control unit 18
extracts a playlist and a transport stream each specified
as a current playback target, from among one or more
playlists and a plurality of streams read via the virtual file
system 25. The extracted playlist is set as the current
playlist (PL) information, and the extracted transport
stream is set as the current stream management infor-
mation.
[0207] Also, the demultiplexer 3 obtains the transport
stream targeted for processing with reference to current
playlist information held in the static scenario memory 11.
[0208] In Step S402, the demultiplexer 3 obtains a di-
mension identifying flag from the current playlist informa-
tion held in the static scenario memory 11, passes the
flag to the dimension determiner 28, and obtains a result
of judgment as to whether the stream to be played back
is for 2D or for 3D.
[0209] If the judgment result shows that the stream is
for 2D, 2D video images are started to be output. In this
case, typically L- and R-images in a pair are identical, or
even if the paired images differ from each other, either
image is discarded and not displayed. Therefore, the
playback processing is performed in the same manner
as a conventional BD-ROM playback. In one exemplary
configuration, the video plane to which 2D video images
are output is limited to the left video plane 5, the image
plane to which images are output from the image decoder
8 and the rendering engine 22 is limited to the left image
plane 9. Naturally, the video and image planes used by
the plane composition unit 20 to produce composite im-
ages are limited to the left video plane 5 and the left image
plane 9.
[0210] If the judgment result shows that the stream is
for 3D in step S402, 3D video playback is started.
[0211] In the present invention, the playback device
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200 sequentially outputs images for the left eye (L-imag-
es) and images for the right eye (R-image) alternately
one by one through the plane composition unit 20.
[0212] Once 3D video playback is started, the playback
device 200 generates L-images and R-images in Steps
S403L and onwards. L images are generated through
Steps S403L, S404L, S405L, and S406L, and R-images
are generated through Steps S403R, S404R, S405R,
and S406R.
[0213] In Step S403L, the video decoder retrieves a
video picture for left eye from transport streams targeted
for the processing, and outputs the retrieved video picture
to the left video plane 5.
[0214] Next, in Steps S404L and S405L, the plane
composition unit 20 overlays the video picture stored on
the left video plane 5 with image data stored on the left
image plane 9 for the entire plane.
[0215] It is presumed here that the resolutions of the
left video plane 5 and the left image plane 9 are the same,
and both planes are W pixels wide by H pixels high. The
composition processing is performed line by line from the
top line (y = 0) to the last line (y = H - 1). More specifically,
the y-th line of the L image is generated by overlaying
the y-th line of the left image plane 9 on the y-th line of
the left video plane 5. Ultimately, the lines of the entire
images are overlaid and output as a complete composite
image.
[0216] Upon completion of the composition of the en-
tire plane, the plane composition unit 20 notifies the left-
and-right rendering arbiter 30 about the completion of
the L image composition in Step S406L.
[0217] Subsequently, R-image is generated in Steps
S403R, S404R, S405R, and S406R. Yet, description
thereof is omitted, because the steps are identical to
steps S403L, S404L, S405L, and S406L.
[0218] This concludes the description of the generation
and output of L-images and R-images in this embodi-
ment.
[0219] In this configuration, image data stored on the
left image plane 9 and an image stored on the right image
plane 10 are alternately transmitted to the plane compo-
sition unit 20, starting with the image data stored on the
left image plane 9.
[0220] Suppose, for example, that the rendering en-
gine 22 rewrites images stored on the left image plane 9
and the right image plane 10 at the timing of Step S406L
in which the entire image data stored on the left image
plane 9 is transmitted. In this case, the R-image trans-
mitted to the plane composition unit later in Step S403R
reflects the rewriting.
[0221] On the other hand, the L-image transmitted be-
fore the rewriting to the plane composition unit does not
reflect the rewriting, which results in inconsistency be-
tween the L-image and R-image as only the R-image
reflects the rewriting.
[0222] In order to avoid the occurrence of such incon-
sistency, the present embodiment is configured to adjust
the processing timing of the rendering engine 22 through

the procedure shown in the flowchart in Fig. 27.
[0223] Fig. 27 is a flowchart showing the procedure
performed by the L-R rendering arbiter 30 for adjusting
the timing for issuing rendering requests.
[0224] In Step S501, the L-R rendering arbiter 30 waits
for the BD-J module 15 to issue a rendering request in
response to a rendering instruction given from the BD-J
application. In Step S502, the L-R rendering arbiter 30
judges whether the rendering request received in Step
S501 has the type information indicating the "L-R simul-
taneous image copy" described in the first embodiment.
[0225] If the type of the rendering request is not "L-R
simultaneous image copy", the L-R rendering arbiter 30
moves onto Step S503 to issue a rendering request to
the rendering engine 22 without any timing adjustment.
Since this process is the same as a conventional process
by the BD-J module 15, no description is given here.
[0226] If the type information of the rendering request
is the "L-R simultaneous image copy", the L-R rendering
arbiter 30 moves onto Steps S504L and onwards. When
a rendering request of the "L-R simultaneous image
copy" is issued, it is expected that the pair of left and right
images to be rendered are of the same object as seen
from the right and as seen from the left. Therefore, it is
necessary to ensure that the two images resulting from
the simultaneous image copying are processed by the
plane composition unit 20 as a set of images to be output
in the same frame. Otherwise, there will be inconsistency
between left and right images.
[0227] To this end, in Step S504L, the L-R rendering
arbiter 30 waits for a notification about completion of the
composition of an L-image (i.e., the notification issued in
Step S406L in Fig. 26) is received from the plane com-
position unit 20. Upon receiving the notification, the L-R
rendering arbiter 30 issues to the rendering engine 22 a
rendering request of image copying to the left image
plane 9 in Step S505L. Through these steps, it is ensured
that the image copied to the left image plane 9 in the "L-
R simultaneous image copy" is used in the video image
output in the next frame, on condition that the hardware
employed is capable of image copying at a sufficiently
high speed (more specifically, the hardware is capable
of completing the image copying within about 0.5 frame
period, which is a time period taken by the plane com-
position unit 20 to complete the composition of an R-
image).
[0228] Similarly to the steps relating to the L-image, in
step S 504R, the L-R rendering arbiter 30 waits for a
notification about completion of the composition of an R-
image (i.e., the notification issued in Step S406R in Fig.
26) is received from the plane composition unit 20. Upon
receiving the notification, the L-R rendering arbiter 30
issues to the rendering engine 22 a rendering request of
image copying to the right image plane 10 in Step S505R.
Through these steps, it is ensured that the image copied
to the right image plane 10 in the "L-R simultaneous im-
age copy" is used in the video image output in the next
frame in Fig. 26.
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[0229] With the procedure described above, the two
images copied through the "L-R simultaneous image
copy" are used by the plane composition unit 20 to be
reflected in the same frame, and thereby the occurrence
of flickering resulting from inconsistency between L-im-
age and R-image is prevented.
[0230] Note that according to the present embodiment,
the L-R rendering arbiter 30 waits for a composition com-
pletion notification in Steps S504L and S504R. Note that
the number of times that "L-R simultaneous image copy"
is performed is limited to one per frame. In the case where
images for one frame are rendered in response to a plu-
rality of rendering requests in combination, an interim
image is stored on the "buffered image" described above
and the ultimate copying to the left and right image planes
is performed by executing "L-R simultaneous image
copy" one time. This method is frequently used in exe-
cuting a conventional BD-J application to prevent flick-
ering.
[0231] In this embodiment, only the "L-R simultaneous
image copy" is described to be processed in Steps S504L
and onwards. As for the other rendering requests, the
conventional processing is performed, so that occur-
rence of tearing is possible. However, the present em-
bodiment may be modified to perform additional process-
ing, such as "L-R simultaneous rectangle fill", in Steps
S504L and onwards. With this modification, a wider va-
riety of rendering processes are ensured to prevent oc-
currence of tearing.
[0232] In addition, a further modification may be made
to implement forced copying at the time of the mode
switching from 3D to 2D. More specifically, if the judgment
in Step S402 shows that the stream is for 2D playback,
video images in the 2D mode are output only to the left
video plane 5, and the rendering engine 22 performs the
rendering of the left image plane 9 only, and the plane
composition unit 20 performs composition of the combi-
nation of the left video plane 5 and the left image plane
9 only, as has been described above.
[0233] At this time, suppose that playback of the 2D
stream is ended and playback of a 3D stream started
subsequently. During playback of the 2D stream, the BD-
J application operates as an application for 2D rendering.
That is, images are rendered only on the left image plane
9, whereas the right image plane 10 entirely remains in
black, for example. If the playback mode is switched to
3D stream with this state, the plane composition unit 20
outputs data stored on the right image plane 10 in Steps
S404R and S405R, although no image is rendered ther-
eon. The BD-J application is expected to start operating
as an application for 3D rendering immediately upon the
switching the 3D mode. However, if there is a time lag
between the switching from the 2D modes to the 3D
mode, tearing occurs because the R image that is entirely
black is momentary output.
[0234] In order to avoid the occurrence of such tearing,
the data stored on the left image plane 9 is forcibly copied
to the right image plane 10 at a timing when an operation

of the plane composition unit 20 is switched from the 2D
mode to the 3D mode.
[0235] The copying performed at the timing of switch-
ing as described above is effective to prevent occurrence
of this kind of tearing in the case of switching from a 2D
stream to a 3D stream. In addition, the copying is also
effective in the case where the operation mode of the
BD-J module is switched from the 2D mode to the 3D
mode, provided that the BD-J module has the function-
ality of separately switching the operation mode from the
2D mode to the 3D mode. In this way, regardless of the
functionality implemented by a BD-J application, this kind
of tearing can be prevented from occurring.
[0236] Further, in the case where the BD-J module
supports the "1 plane + Offset" mode of rendering 3D
images with the use of the left image plane 9 only, incon-
sistency between L-image and R-image is eliminated by
performing the copying process and the shifting process.
[0237] In the "1 plane + Offset" mode, both L-image
and R-image are rendered on the left image plane 9 but
an L-image is rendered at a position entirely shifted to
the left by n pixels and an R-image is rendered at a po-
sition entirely shifted to the right by n pixels. In this way,
the composite image on the left image plane 9 is dis-
played to appear closer or further away from the viewer.
In this "1 plane + Offset" mode, the image data stored
on the left image plane 9 is copied to the right image
plane 10 after the image stored on the left image plane
9 is shifted to the right by n pixels. The image on the left
image plane 9 is then shifted to the left by n pixels after
the copying. This arrangement ensures that the L- and
R-images output before and after the rendering mode
switching are consistent, so that occurrence of tearing is
prevented.
[0238] The process of shifting and copying described
above is effective when the "1 plane + Offset" mode is
switched to the 3D rendering mode in which both the left
and right image planes are used.
[0239] This concludes the description of the embodi-
ments of the stereoscopic video display method accord-
ing to the present invention.

(Fifth Embodiment)

[0240] In a fifth embodiment of the present invention,
another embodiment of the plane composition unit 20
and the L-R rendering arbiter 30 is described.
[0241] The components other than the plane compo-
sition unit 20 and the L-R rendering arbiter 30 are the
same as the corresponding components described in the
fourth embodiment. Thus, the description of such com-
ponents is omitted and only different parts are described.
[0242] Fig. 28 is a flowchart showing the procedure for
the frame process in which an R-image and an L-image
are alternately output line by line.
[0243] Steps S701 and S702 are the same as Steps
S401 and S402 shown in Fig. 26. If the judgment in Step
S702 shows that the stream is for 3D, playback of 3D
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video images is started.
[0244] After the 3D video playback is started, the play-
back device 200 generates an L-image and an R-image
in Steps S703L and onwards. More specifically, first in
Step S703L and S703R, the video decoder extracts video
pictures for left eye and for right eye from the currently
processed transport stream and outputs the respective
pictures to an appropriate one of the left video plane 5
and the right video plane 6.
[0245] Then, in the loop starting with Step S704, the
plane composition unit 20 composites the entire image
data stored on the left plane with the entire image data
stored on the firth plane.
[0246] It is presumed here that the resolutions of the
left and right video planes as well as of the left and right
image planes are the same. That is, each plane is W
pixels wide by H pixels high. In this case, the composition
processing is performed line by line from the top line (y
= 0) to the bottom line (y = H - 1).
[0247] In the line-by-line processing, Step S705L is
performed first in which the y-th line of the image stored
on the left video plane 5 is overlaid with the y-th line of
the image stored on the left image plane 9 to produce
the y-th line of the composite L-image to make final out-
put.
[0248] Next, in Step S705R, the y-th line of the image
stored on the right video plane 6 is overlaid with the y-th
line of the image stored on the right image plane 10 to
produce the y-th line of the composite R-image image to
make final output. Although the line-by-line processing
is described to be performed sequentially from the top
line to the bottom line, the processing may be performed
in different order, for example, in the order starting from
the bottom to the top. In addition, although the resolutions
of the video planes and the image planes are described
to be the same, they may be different.
[0249] Upon completion of the composition processing
of the entire plane, the plane composition unit 20 issues
a notification to the L-R rendering arbiter 30 in Step S706
to inform that the composition processing of both L-image
and R-image has been completed.
[0250] This concludes the description of the process-
ing for displaying stereoscopic video images according
to this embodiment.
[0251] In this configuration, image data stored on the
left image plane 9 and image data stored on the right
image plane 10 are alternately transmitted line by line in
this order to the plane composition 20. In other words,
the images on the respective planes are transmitted in
parallel when one frame is considered as a unit.
[0252] Suppose, for example, that a BD-J application
renders a pair of images of the same object, one as seen
from the left and the other as seen from the right, in the
order starting with the image as seen from the left. In this
case, the rendering engine 22 first rewrites an image
stored on the left image plane 9. However, if the L-image
and R-image are output at this stage, the L-image reflects
the rewriting of the left image plane 9, whereas the R-

image remains unwritten since the right image plane 10
is not rewritten yet. Thus, there is inconsistency between
the L-image and R-image.
[0253] In order to avoid displaying such inconsistent
images, the L-R rendering arbiter 30 according to the
present embodiment performs the procedure shown in
Fig. 29 to control the order of processes to be performed
by the rendering engine 22. Fig. 29 is a flowchart showing
the procedure performed by the L-R rendering arbiter 30
for merging rendering requests into one.
[0254] First, in step S801, the L-R rendering arbiter 30
waits until the BD-J module 15 issues a rendering request
A in response to a rendering instruction given by the BD-
J application. The rendering request issued herein has
the same configuration as that described in the previous
embodiment.
[0255] Next, in Step S802, the L-R rendering arbiter
30 judges whether the rendering request A received in
step S801 has the type information indicating "image
copy" or not, and in addition, whether the rendering is to
be performed on the left image plane 9 or not.
[0256] If the conditions in Step S802 are not satisfied,
Step S803 is performed in which the L-R rendering arbiter
30 simply issues the rendering request A to the rendering
engine 22. That is, the processing performed in Step
S803 is the same as conventional processing by the BD-
J module 15. Thus, no relevant description is given here.
[0257] If the conditions in Step S802 are both satisfied,
the L-R rendering arbiter 30 does not issue the rendering
request A at this stage and waits until the BD-J module
15 issues a rendering request B in the subsequent step,
which is Step S804.
[0258] In Step S805, the L-R rendering arbiter 30 judg-
es whether the rendering request B received in Step S804
has the type information indicating "image copying" and
specifying the right image plane 10 as the plane on which
the image is to be rendered.
[0259] If the conditions in Step S805 are both satisfied,
Step S809 is performed next. In Step S5809, the render-
ing position for image copying as specified by the ren-
dering request A is compared with the rendering position
for image copying as specified by the rendering request
B. More specifically, it is judged whether the values of y1
and y2 each indicating the Y coordinate of a rectangle
area match or not.
[0260] It is assumed that a typical BD-J application that
renders stereoscopic graphics continuously repeats the
process of rendering an image of an object as seen from
the left eye on the left image plane 9 and an image of the
same object as seen from the right eye on the right image
plane 10. It is also assumed that the respective rendering
images have the same Y coordinate but different X co-
ordinates shifted by the amount corresponding to the bin-
ocular parallax because the difference between a pair of
L-image and R-image are due to the binocular parallax.
By judging that the rendering requests A and B request
image copying to the left and right image planes 9 and
10, respectively, and that the respective rendering posi-
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tions differ only in X coordinates, it is predicated that the
BD-J application is in the process of rendering a pair of
images of the same object, one as seen from the right
and the other as seen from the left. Thus, it is necessary
to ensure that the plane composition unit 20 processes
the pair of copied images to output in the same frame.
[0261] Therefore, if the conditions in Step S809 are
met, the L-R rendering arbiter 30 performs Step S810 to
issue to the rendering engine 22 a left-and-right simulta-
neous rendering request C (hereinafter "L-R simultane-
ous rendering request C") instead of the rendering re-
quests A and B. The "L-R simultaneous rendering re-
quest C is generated by merging the rendering requests
A and B.
[0262] Fig. 30A shows the L-R simultaneous rendering
request C obtained by the merging. More specifically, the
L-R simultaneous rendering request 903 (rendering re-
quest C) shown in Fig. 30A is obtained by merging the
rendering request 901 (the rendering request A) shown
in Fig. 30B and the rendering request 902 (the rendering
request B) shown in Fig. 30C into one.
[0263] Upon receipt of the L-R simultaneous rendering
request C, the rendering engine 22 performs copying of
the left bitmap image to the left image plane 9 and copying
of the right bitmap images to the right image plane 10
alternately line by line, starting from the top line, rather
than by performing image copying to the left image plane
9 and the image copying to the right image plane 10 one
after another. In this manner, the left and right image
planes are rendered substantially simultaneously in par-
allel. As a consequence, regardless of whether the plane
composition unit 20 executes the composition process-
ing in any timing corresponding to Steps S704, S705L
and S705R shown in Fig. 28, inconsistency between a
pair of an L-image and an R-image to be output is kept
to a minimum.
[0264] Note that in this example, the rendering engine
22 alternately renders left and right images line by line.
Yet, the rendering of L-image and R-image may be al-
tered in the units other than lines. In addition, the play-
back device may be provided with two rendering endings
to render of L-image and R-image completely in parallel.
[0265] On the other hand, if any of the conditions is not
satisfied in Steps S805 and S809, it is judged that the
rendering requests A and B are not for rendering of a pair
of images of the same object as seen from left and right.
Accordingly, the respective requests are processed in a
conventional manner, so that occurrence of display tear-
ing is possible.
[0266] In view of this, in Step S806 that follows, a warn-
ing message may be output to inform the developer of
the BD-J application or the user of the playback device
200 that tearing may occur during execution of the BD-
J application. The warning may be issued by, for exam-
ple, throwing an Exception message according to the BD-
Java specifications. Alternatively, the warning message
may be presented on the display device 400 to inform
the developer of the BD-J application or the user of the

playback device 200.
[0267] Next, in Steps S807 and S808, the rendering
requests A and B having been withheld are issued to the
rendering engine 22, so that the rendering processes are
preformed in the same manner as in the embodiments
described above.
[0268] Through the above steps, if a pair of images are
copied through the processes satisfying the conditions
in Steps S802, S805 and S809, it is ensured that the
plane composition unit 20 processes a pair of images to
output the images in the same frame. Accordingly, al-
though the occurrence of flickering (tearing) is possible,
the occurrence of flickering due to inconsistency between
the L-image and R-image is suppressed.
[0269] Note that the above judgment may be addition-
ally applied to other processes. That is, in the present
embodiment, the judgments in Steps S802 and S805 are
made regarding the process of "image copying", whereas
rendering requests for other processes are processed in
a conventional manner according to which the occur-
rence of tearing is possible. By additionally making the
above judgments on the other processes such as "rec-
tangle fill", the occurrence of tearing are prevented re-
garding wider variety of rendering processes.
[0270] According to the present embodiment, in addi-
tion, the L-R simultaneous rendering request is immedi-
ately issued in Step S810. Alternatively, however, the L-
R simultaneous rendering request may be issued after
receipt of a composition completion notification in Step
S706 shown in Fig. 28. With this configuration, provided
that the hardware is capable of completing the image
copying at a sufficiently high speed, the image copying
is completed before Steps S705 L and S705R shown in
Fig. 28 are performed for the next frame. Consequently,
the displayed images are updated at improved image
quality without occurrence of tearing.
[0271] According to the present embodiment, in addi-
tion, L-image and R-image are alternately processed line
by line, starting from the top line. As a result, the L- and
R-images are generated in a pseudo-parallel manner.
Yet the units of processing are not limited to one line.
[0272] For example, two separate output systems may
be employed. More specifically, depending on the hard-
ware configuration of the playback device, the demulti-
plexer 3 may implement another output method. In the
exemplary structure shown in Fig. 25, the playback de-
vice has one set of a video decoder, an image decoder,
and a plane composition unit. With the hardware config-
uration provided with two sets of video decoders, and
image decoders, and plane composition units, it is pos-
sible to process video images for left eye and video im-
ages for right eye in separate systems. More specifically,
the video decoder for left eye stores a video picture into
the left video plane 5, whereas the image decoder for left
eye stores image data into the left image plane 9. Then,
the plane composition unit for left eye composites the
pictures on the left video plane 5 with the left image plane
9. In a similar manner, the system for right eye separately
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conducts the processing images for right eye. With this
configuration, a pair of an L-image and an R-image are
separately generated completely in parallel.
[0273] According to the present embodiment, in addi-
tion, the plane composition unit 20 is configured to alter-
nately output an L-image and an R-image on a line-by-
line basis. However, the video output is not limited to this
scheme. For example, with the hardware configuration
having the two separate systems for left image output
and right image output, the video output may also employ
two systems, one for left eye and the other for right eye.
In addition, by employing a buffer for temporarily storing
video output of the plane composition unit 20, the play-
back device is enabled to alternate output of images for
the left eye (L-images) and images for the right eye (R-
images), in a similar manner to the first embodiment.

(Sixth Embodiment)

[0274] A sixth embodiment of the present invention re-
lates to an improvement on the video output achieved by
issuing display update requests in addition to rendering
requests.
[0275] Fig. 30D shows a display update request 904.
The display update request 904 is defined as the
java.awt.Toolkit#sync method according to the BD-Java
standards. The display update processing is to allow a
BD-J application to ensure that the image currently stored
on an image plane is reliably transmitted to the display
device. This processing is especially effective with the
double-buffer configuration for image planes, i.e., with
the configuration in which a rendering buffer and a display
buffer are separately implemented to suppress the oc-
currence of tearing.
[0276] Fig. 31 is a flowchart showing the procedure
performed by the L-R rendering arbiter 30 triggered by a
display update request.
[0277] In the flowchart, Steps S1001, S1002, S1003,
S1004, S1005, S1006, S1007, and S1008 are the same
as Steps S801, S802, S803, S804, S805, S806, S807,
S808, and S809, respectively.
[0278] If the conditions in Steps S1002, S1005, and
S1008 are each satisfied, it means that the rendering
requests A and B are for rendering a pair of images of
the same object as seen from left and right. In that case,
the rendering requests A and B are not processed at this
time. That is, the L-R rendering arbiter 30 withholds the
rendering requests A and B and moves onto Step S1009
to wait for the BD-J module 15 to issue a next rendering
request C.
[0279] In Step S1010 that follows, the L-R rendering
arbiter 30 judges whether or not the type of the rendering
request C indicates "display update". If the rendering re-
quest C is for "display update", the L-R rendering arbiter
30 performs Step S1013 to issue an L-R simultaneous
rendering request to the rendering engine 22, instead of
issuing the rendering requests A and B.
[0280] If the rendering request C is not for "display up-

date", the L-R rendering arbiter 30 performs Step S1011
to issue a warning message and moves onto Step S1012
to issue the suspended rendering requests A, B and C
in the stated order to the rendering engine 22. Thereafter,
the rendering process is performed in the similar manner
as the embodiments described above.
[0281] This concludes the description of the procedure
performed by the L-R rendering arbiter 30 according to
the present embodiment.
[0282] With a playback device employing image
planes each of which is in a single buffer configuration,
issuance of display update requests may or may not be
effective. It is because an image stored on each image
plane is output with the timing required by operation of
the plane composition unit 20, regardless of whether a
display update request is issued or not. Yet, with a play-
back device employing image plane each of which is in
a double buffering configuration, issuance of display up-
date requests are significantly effective. According to the
present embodiment, a warning message will be output
unless the BD-J application calls for the "image copy" to
the left image plane 9, the "image copy" to the right image
plane 10, and "display update" in this order. With this
structure, it is possible to encourage developers of the
BD-J application to develop highly-compatible BD-J ap-
plications which are executed by a variety of playback
device.

(Seventh Embodiment)

[0283] According to the fourth, fifth and sixth embodi-
ments described above, the left image plane 9 and the
right image plane 10 are separate image planes. Thus,
the BD-J application issues rendering requests on the
precondition that images are rendered on different
planes. According to a seventh embodiment of the
present invention, the BD-J application treats the left im-
age plane 9 and the right image plane 10 as a single
plane.
[0284] Fig. 32A shows a connected image plane com-
posed of the left image plane 9 and the right image plane
10 that are disposed next to each other (hereinafter re-
ferred to as a side-by-side configuration). With this con-
figuration, the connected image plane is W 3 2 pixels
wide by H pixels high, suppose that the resolution of each
of the left and right plane is W pixels wide by H pixels high.
[0285] Such a connected image plane of the side-by-
side configuration is realized by configuring the left and
right image planes as a single piece of memory that is
physically contiguous.
[0286] Alternatively, it is possible to configure the left
image plane 9 and the right image plane 10 as separate
pieces of memory and employ such a mechanism that
the BD-J application handles the separate planes virtu-
ally as a single plane.
[0287] Fig. 32B shows a connected image plane com-
posed of the left image plane 9 and the right image plane
10 disposed one above the other (hereinafter referred to
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as a top-and-bottom configuration). With this configura-
tion, the connected image plane is W pixels wide by H
3 2 pixels high, suppose that the resolution of each of
the left and right plane is W pixels wide by H pixels high.
[0288] Also in this top-and-bottom configuration, it is
preferred that the left and right image planes are config-
ured as a single piece of memory that is physically con-
tiguous. Alternatively, it is possible to configure the left
image plane 9 and the right image plane 10 as separate
pieces of memory and employ such a mechanism that
the BD-J application handles the separate planes virtu-
ally as a single plane.
[0289] With the image plane of the top-and-bottom
configuration, the BD-J application may copy an image
into a rectangle area that vertically extends from the left
to right image planes as shown in Fig. 32B.
[0290] Note that the playback device 200 according to
the present embodiment displays stereoscopic video im-
ages onto the display device 400 through the procedure
shown in Fig. 33.
[0291] Fig. 33 a flowchart showing the procedure per-
formed by the L-R rendering arbiter 30.
[0292] First, in Step S1101, the L-R rendering arbiter
30 waits for the BD-J module 15 to issue a rendering
request in response to a rendering instruction given by
the BD-J application. Upon issuance of a rendering re-
quest, the L-R rendering arbiter 30 moves onto Step S
1102 to judge whether the rendering request received in
Step S1101 has the type information indicating "image
copying" and the rendering position covers at least part
of both the left and right image planes.
[0293] If the conditions in Step S1102 are not satisfied,
Step S1103 is performed in which the L-R rendering ar-
biter 30 simply issues the rendering request to the ren-
dering engine. As a result, the rendering process is per-
formed in the similar manner to the embodiments de-
scribed above.
[0294] If the conditions in Step S1102 are both satis-
fied, then Step S1104L is performed.
[0295] When a rendering request specifying a render-
ing position that covers both the left and right image
planes, it is expected the BD-J application is requesting
to render a pair of left and right images of the same object
as seen from the right and as seen from the left. In view
of this, in this embodiment, Steps S1104L and onwards
are performed through which the L-R rendering arbiter
30 adjusts the timing of processes by the rendering en-
gine 22 to avoid displaying inconsistent L-image and R-
image.
[0296] First, in Step S1104L, the L-R rendering arbiter
30 waits for a notification indicating that the composition
of L-image image is completed (issued in Step S406L
shown in Fig. 26) is received from the plane composition
unit 20.
[0297] Next, in Step S1105L, the L-R rendering arbiter
30 issues to the rendering engine 22 a rendering request
for image copying specifying a rendering position that
crops only part corresponding to the left image plane 9.

For example, the rendering request to be issued here is
for image copying specifying a region of the rectangle
area 1301 shown in Fig. 32A and having the top left pixel
at (x1, y1) and the bottom right pixel at (W, y2).
[0298] Similarly, in Step S1104R, the L-R rendering
arbiter 30 waits for a notification indicating that the com-
position of R-image image is completed (issued in Step
S406R shown in Fig. 26) is received from the plane com-
position unit 20. Upon receipt of a composition comple-
tion notification, the L-R rendering arbiter 30 moves onto
Step S105R to issue to the rendering engine 22 a ren-
dering request for image copying specifying a rendering
position that crops only part corresponding to of the right
image plane 10. For example, the rendering request to
be used here is for image copying specifying a region of
the rectangle area 1301 shown in Fig. 32A and having
the top left pixel at (W, y1) and the bottom right pixel at
(x2, y2).
[0299] Through these steps, as long as the hardware
employed is capable of image copying at a sufficiently
high speed, it is ensured that the image copied to the left
image plane 9 is used in Step S404L shown in Fig. 26
and thus output in the next frame and that the image
copied to the right image plane 10 is used in Step S404R
shown in Fig. 26 and thus output in the next frame. That
is, the pair of images copied through the two image cop-
ying processes are both used by the plane composition
unit 20 to be output in the same frame, so that flickering
occurring as a result of inconsistency between L-image
and R-image is prevented.
[0300] In this embodiment, the judgment in Step S1102
is made regarding the process of "image copying" where-
as rendering requests for other processes are performed
in a conventional manner, so that the occurrence of tear-
ing is possible. By additionally making the above judg-
ment on the other processes such as "rectangle fill", so
that the occurrence of tearing are prevented regarding
wider variety of rendering processes.

(Eighth Embodiment)

[0301] In an eighth embodiment of the present inven-
tion, a rendering request for rendering to a connected
image plane is proceed in two separate processes. More
specifically, in one of the two processes, of a rectangle
region specified by the rendering request, only part of
the rectangle region corresponding to the left image
plane 9 is cropped and copied. In the other process, only
part of the rectangle region corresponding to the right
image plane 10 is cropped and copied. The two image
copying processes are performed simultaneously.
[0302] Figs. 34A and 34B show a rendering request
and an L-R simultaneous rendering request.
[0303] In the figure, a rendering request 1401 requests
image copying of "bitmap image 1" into a rectangle region
of the connected image plane of a top-and-bottom con-
figuration. The bitmap image 1 to be rendered has a width
of 1000 pixels and a height of 1500 pixels. The rectangle
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region into which the image is to be rendered is defined
by (x1, y1) = (200, 300) and (x2, y2) = (1200, 1800).
[0304] The L-R simultaneous rendering request 1402
is an L-R simultaneous rendering request obtained by
converting the rendering request 1401. Thus, the L-R
simultaneous rendering request 1402 simultaneously re-
quests the part corresponding to the left image plane 9
is cropped and copied and the part corresponding to the
right image plane 10 is cropped and copied.
[0305] More specifically, in the cropping and copying
of the part corresponding to the left image plane 9, a
rectangle area of the "bitmap image 1" defined by x1 =
0, y1 = 0, x2 = 1000, y2 = 780 is to be copied to a rectangle
region of the connected image plane defined by (x1, y1)=
(200, 300) and (x2, y2) =(1200, 1080).
[0306] In the cropping and copying of the part corre-
sponding to the right image plane 10, a rectangle area
of the "bitmap image 1" defined by x1 = 0, y1 = 780, x2
= 1000, y2 = 1500 is to be copied to a rectangle region
of the connected image plane defined by (x1, y2) = (200,
0) and (x2, y2) = (1200, 720).
[0307] Fig. 35 is a flowchart showing the procedure for
the L-R rendering arbiter 30 according to the present em-
bodiment. First, in Step S1201, the L-R rendering arbiter
30 waits for the BD-J module 15 to issue a rendering
request in response to a rendering instruction given from
the BD-J application.
[0308] Next, in Step S1202, the L-R rendering arbiter
30 judges whether the rendering request received in Step
S1201 has the type information indicating "image copy-
ing" and specifying a rendering region that spans both
the left and right regions or both the top and bottom re-
gions. That is, in the case of the connected image plane
of the top-and-bottom configuration, a BD-J application
can request image copying to a rectangle area spanning
both the top and bottom regions.
[0309] In the case of the connected image plane of the
side-by-side configuration, a BD-J application can re-
quest image copying to a rectangle region spanning both
the left and right regions.
[0310] If the conditions in Step S1202 are not satisfied,
the rendering request is issued to the rendering engine
22 in Step S1203 without any additional operation. As a
result, the rendering process is performed in the manner
described in the above embodiments.
[0311] If the conditions in Step S1202 are satisfied,
Step S1204 is performed in which the L-R rendering ar-
biter 30 converts the received request into an L-R simul-
taneous rendering request. The L-R simultaneous ren-
dering request requests that part of the specified image
corresponding to the left image plane be cropped and
copied, simultaneously with cropping and copying of the
specified image corresponding to the right image plane
10. The L-R simultaneous rendering request is then is-
sued to rendering engine 22.
[0312] In the case where a rendering request specifies
a rendering region that spans both the left image plane
and the right image plane, it is expected that the BD-J

application requests rendering of a stereographic pair of
images of the same object one seen from the right and
the other from the left. In view of this, Step S1204 is per-
formed in which the rendering request for one image cop-
ying process is converted into an L-R simultaneous ren-
dering request for two image copying processes to be
simultaneously processed. With the L-R simultaneous
rendering request, the order of processes performed by
the rendering engine 22 is duly controlled to avoid that
inconsistent L-image and R-image are displayed.
[0313] In the above description, the rendering engine
22 may perform the image copying to the left image plane
9 and the right image plane 10 one after another in re-
sponse to the L-R simultaneous rendering request 1402,
as described in the above embodiments. Alternatively,
the two image copying processes may be performed al-
ternately on a line-by-line basis. By alternately rendering
the left and right bitmap images line by line from the top,
occurrence of inconsistency between L-image and R-im-
age of the output video is kept to a minimum.
[0314] Note, however, that the Y coordinate of the ren-
dering position on the left image plane 9 may not be equal
to that of the right image plane 10. For this reason, instead
of alternately copying the respective images line by line
simply from the top, it is preferable to perform the copying
processes in the following order. That is, after copying
to the y-th line of the left image plane 9, copying to the
y-th line of the right image plane 10 is performed.
[0315] Further, in this embodiment, the judgment in
Step S1202 is made regarding the process of "image
copying", whereas rendering requests for other process-
es are performed in a conventional manner, so that the
occurrence of tearing is possible. By additionally judging
whether or not to issue an L-R simultaneous rendering
request regarding the other processes such as "rectangle
fill", the occurrence of tearing are prevented regarding
wider variety of rendering processes.

(Supplemental Note)

[0316] Up to this point, the best mode known to the
applicant at the time the present application has been
described. It is naturally appreciated, however, that fur-
ther improvements or modifications may be made regard-
ing the technological issues shown below. The decision
to implement the present invention precisely according
to the embodiments or by applying these improvements
or modifications is arbitrary; consideration is thus made
for the subjectivity of the person implementing the inven-
tion.

(Stereoscopic viewing methods)

[0317] According to the parallax image method used
in the first embodiment, the left-eye and right-eye images
are displayed alternately in the time axis direction. As a
result, for example, when 24 images are displayed per
second in a normal two dimensional movie, 48 images,
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for the combination of the left-eye and right-eye images,
should be displayed per second in a three dimensional
movie. Accordingly, this method is suitable for display
devices that rewrite each screen at relatively high
speeds. The stereoscopic viewing using the parallax im-
ages is used in the play equipment of the amusement
parks, and has been established technologically. There-
fore, it may be said that this method is closest to the
practical use in the homes. There have been proposed
various other technologies such as the two-color sepa-
ration method, as the methods for realizing stereoscopic
viewing using the parallax images. In the embodiments,
the sequential segregation method and the polarization
glasses method have been used as examples. However,
the present invention is not limited to these methods as
far as the parallax images are used.
[0318] Also, not limited to the lenticular lens, the tele-
vision 400 may use other devices, such as the liquid crys-
tal element, that have the same function as the lenticular
lens. It is further possible to realize the stereoscopic view-
ing by providing a vertical polarization filter for the left-
eye pixels, and providing a horizontal polarization filter
for the right-eye pixels, and causing the viewer to view
the screen through a pair of polarization glasses that is
provided with a vertical polarization filter for the left eye
and a horizontal polarization filter for the right eye.

(Program Embodiment)

[0319] Application programs shown in the flowcharts
in the respective embodiments can be created in the fol-
lowing manner. First, using a programming language, a
software developer writes source program to implement
each flowchart and the functional elements shown in the
flowchart. In accordance with the syntax of the program-
ming language, the software developer writes source
program to embody the flowchart and functional ele-
ments using class structures, variables, array variables,
and calls to external functions.
[0320] The written source program is provided to a
compiler as a file. The compiler translates this source
program into one or more object programs.
[0321] Translation by the compiler involves a process
of syntax analysis, optimization, resource allocation, and
code generation. During syntax analysis, the compiler
performs lexical analysis, syntax analysis, and semantic
analysis on the source program to convert the source
program into intermediate program. During optimization,
the compiler divides the intermediate program into basic
blocks, performs control flow analysis, and data flow
analysis. During resource allocation, in order to adapt to
the instruction set of the target processor, the compiler
allocates the variables in the intermediate program to the
register or the memory of the target processor. During
code generation, the compiler converts each intermedi-
ate instruction in the intermediate program into program
code to obtain object programs.
[0322] The generated object programs consist of one

or more program codes to cause a computer to execute
each step in the flowcharts shown in each embodiment
and each procedure in the functional elements. There
are many varieties of program code, such as the proc-
essor’s native code, JAVA bytecode, etc. There are many
ways to implement each step by a program code. When
each step can be implemented using an external func-
tion, the call to the external function is the program code.
A program code implementing one step may also belong
to different object programs. In a RISC processor, in
which instruction types are restricted, each step in the
flowcharts can be implemented by combining arithmetic
calculation instructions, logical calculation instructions,
branch instructions, etc.
[0323] After object programs are generated, the pro-
grammer uses a linker on these object programs. The
linker allocates the object programs and associated li-
brary programs to memory and combines them to gen-
erate a load module. A load module generated in this
way is assumed to be read by a computer, and the load
module causes a computer to execute the procedures
shown in each flowchart and the procedures for the func-
tional elements. The program is recorded on a computer
readable recording medium and provided to users.

(Variation on Recording Medium)

[0324] The recording medium in the embodiments in-
cludes package media in general, such as an optical disc,
semiconductor memory card, etc. An optical disc with
necessary data pre-recorded (e.g. an existing readable
optical disc, such as a BD-ROM or DVD-ROM) is used
as an example of a recording medium in the embodi-
ments. The recording medium need not be limited, how-
ever, in this way. For example, 3D contents including the
data necessary for implementing the present invention
could be broadcast or could be transmitted over a net-
work and then recorded on a writable optical disc (e.g.
an existing writeable optical disc, such as a BD-RE or
DVD-RAM) using a terminal device having a function to
write on an optical disc. This function could be embedded
in the playback device, or could be an device separate
from the playback device. The optical disc recorded in
this way could then be used by a playback device ac-
cording to the present invention, thereby to practice the
present invention.

(Structure of Video Decoders)

[0325] Although in the embodiments, it is described
that the left eye video decoder 5a and the left eye video
decoder 5b are separately employed, these may be in-
corporated as one.

(Embodiments as Semiconductor Memory Card Record-
ing Device and Playback Device)

[0326] The following describes an embodiment of a
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semiconductor memory that recodes the data structure
described in the above embodiments, and of a playback
device that plays back such semiconductor memory.
[0327] First, the following describes a mechanism for
protecting a copyright of data recorded on a BD-ROM,
as the precondition of the following description.
[0328] From a standpoint, for example, of improving
the confidentiality of data and copyright protection, there
are cases in which part of the data recorded on the BD-
ROM are encoded as necessary.
[0329] For example, the encoded data of the data re-
corded on the BD-ROM may be, for example, data cor-
responding to a video stream, data corresponding to an
audio stream, or data corresponding to a stream that in-
cludes both video and audio.
[0330] The following describes deciphering of encoded
data, which is part of the data recorded on the BD-ROM.
[0331] The semiconductor memory card playback de-
vice stores in advance data corresponding to a key nec-
essary for deciphering encoded data on the BD-ROM
(for example, a device key).
[0332] Meanwhile, the BD-ROM stores data corre-
sponding to the key necessary for deciphering encoded
data (for example, an MKB (media key block) corre-
sponding to the device key mentioned above) and data
in which the key per se, for deciphering the encoded data,
is encoded (for example an encoded title key correspond-
ing to the device key and the MKB). Here, the device key,
the MKB, and the encoded title key correspond to each
other, and furthermore correspond to an identifier (for
example, a volume ID) written in an area that cannot be
normally copied on the BD-ROM (an area called BCA).
If this combination is not correct, the code cannot be de-
ciphered. Only if the combination is correct, the key nec-
essary for deciphering the code (for example, a decoded
title key obtained by decoding the encoded title key based
on the device key, the MKB and volume key, can be de-
rived, and with use of the key necessary for the encoding,
the encoded data can be deciphered.
[0333] When the inserted BD-ROM is played back in
the playback device, encoded data cannot be played
back unless the BD-ROM includes a device key that is
paired with a title key or MKB (or corresponds to a title
key or MKB). The reason is that the key necessary for
deciphering the encoded data (the title key) per se is
recorded in encrypted form on the BD-ROM (as an en-
coded title key), and if the composition of the MKB and
the device key is not correct, the key necessary for de-
ciphering the code cannot be derived.
[0334] On the other hand, the playback device is con-
figured so that, if the combination of the encoded title
key, MKB, device key, and volume ID is correct, the video
stream is decoded, for example with use of the key nec-
essary for deciphering the code (the decoded title key
obtained by decoding the encoded title key based on the
device key, the MKB and the volume ID), and the audio
stream is decoded by the audio decoder.
[0335] This completes the description of the mecha-

nism for protecting the copyright of data recorded on the
BD-ROM. This mechanism is not necessarily limited to
the BD-ROM, and may be applicable to, for example, a
readable/writable semiconductor memory (for example,
a semiconductor memory card having a nonvolatile prop-
erty such as an SD card).
[0336] The following describes the playback procedure
of a semiconductor memory card playback device. In
contrast to an optical disk that is configured so that data
is read via, for example, an optical disk drive, when using
a semiconductor memory card, data may be read via an
I/F for reading the data on the semiconductor memory
card.
[0337] More specifically, when the semiconductor
memory card is inserted into a slot (not depicted) in the
playback device, the playback device and the semicon-
ductor memory card are electrically connected via the
semiconductor memory card I/F. The data recorded on
the semiconductor memory card may be read via the
semiconductor memory card I/F.
[0338] By way of e.g., electronic distribution, data re-
lated to an original content stored on the recording me-
dium 100 shown in Figs. 1 and 24 may be distributed.
Examples of distribution data include the entire data of
an original content stored on the recording medium 100
shown in Figs. 1 and 24 (such as video streams, audio
streams, subtitle data, background images, GUIs, appli-
cations, and application management tables), partial da-
ta of the original content (such as update of data neces-
sary for playback), and an additional content. The follow-
ing describes operation for recoding such distribution da-
ta onto a semiconductor memory.
[0339] The playback device according to the embodi-
ments described above may be configured to perform
the above-mentioned operation of recoding distribution
data to a semiconductor memory. Alternatively, the op-
eration for recoding distribution data may be performed
by a dedicated terminal device provided separately from
the playback device according to the above embodi-
ments. The following describes an example in which the
playback device records distribution data and an SD
memory card is used as the semiconductor memory for
recording the distribution data.
[0340] Suppose that the playback device is to record
distribution data into an SD memory card inserted in the
slot of the playback device. First, the playback device
issues a request for transmission of distribution data, to
a distribution server (not illustrated) that stores the dis-
tribution data. In so doing, the playback device reads
identification information uniquely identifying the inserted
SD memory card (for example, identification information
uniquely assigned to each SD memory card, more spe-
cifically, the serial number or the like of the SD memory
card), from the SD memory card, and transmits the iden-
tification information to the distribution server together
with the distribution request.
[0341] The identification information for uniquely iden-
tifying the SD memory card corresponds to, for example,
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the volume ID having been described earlier.
[0342] On the other hand, the distribution server stores
necessary data (for example, video stream, audio stream
and the like) in encrypted form such that the necessary
data can be decrypted by using a predetermined key (for
example, a title key).
[0343] For example, the distribution server holds a pri-
vate key so that it can dynamically generate different
pieces of public key information in correspondence with
the respective identification numbers uniquely assigned
to each semiconductor memory card.
[0344] Also, the distribution server is structured to be
able to encrypt the key (title key) per se that is necessary
for decrypting the encrypted data (that is to say, the dis-
tribution server is structured to be able to generate an
encrypted title key).
[0345] The generated public key information includes,
for example, information corresponding to the above-de-
scribed MKB, volume ID, and encrypted title key. With a
correct combination of (i) the identification number of the
semiconductor memory card, (ii) the public key contained
in the public key information which will be explained later,
and (iii) the device key that is recorded in advance in the
playback device, a key (for example, a title key that is
obtained by decrypting the encrypted title key by using
the device key, the MKB, and the identification number
of the semiconductor memory) necessary for decrypting
the encrypted data is obtained, and the encrypted data
is decrypted by using the obtained necessary key (title
key).
[0346] Following this, the playback device records the
received piece of public key information and distribution
data into a recording area of the semiconductor memory
card being inserted in the slot thereof.
[0347] Next, a description is given of an example of
the method for decrypting and playing back the encrypted
data among the data contained in the public key infor-
mation and distribution data recorded in the recording
area of the semiconductor memory card.
[0348] The received public key information includes,
for example, a public key (for example, the above-de-
scribed MKB and encrypted title key), signature informa-
tion, identification number of the semiconductor memory
card, and device list being information regarding devices
to be invalidated.
[0349] The signature information includes, for exam-
ple, a hash value of the public key information.
[0350] The device list is, for example, information for
identifying the devices that might execute unauthorized
playback. The information, for example, is used to
uniquely identify the devices, parts of the devices, and
functions (programs) that might execute unauthorized
playback, and is composed of, for example, the device
key and the identification number of the playback device
that are recorded in advance in the playback device, and
the identification number of the decoder provided in the
playback device.
[0351] The following describes playback of the en-

crypted data among the distribution data recorded in the
recording area of the semiconductor memory card.
[0352] First, it is checked whether or not the decryption
key per se is permitted to be used, before the encrypted
data is decrypted by using the decryption key.
[0353] More specifically, the following checks are con-
ducted:

(1) a check on whether the identification information
of the semiconductor memory card contained in the
public key information matches the identification
number of the semiconductor memory card prelimi-
narily stored in the semiconductor memory card;
(2) a check on whether the hash value of the public
key information calculated in the playback device
matches the hash value included in the signature
information; and
(3) a check, based on the information included in the
device list, on whether the playback device to per-
form the playback is authentic (for example, the de-
vice key shown in the device list included in the public
key information matches the device key preliminarily
stored in the playback device).

[0354] These checks may be performed in any order.
[0355] After the above described checks (1) through
(3), the playback device performs a control not to decrypt
the encrypted data when any of the following conditions
is satisfied:

(i) the identification information of the semiconductor
memory card contained in the public key information
does not match the identification number of the sem-
iconductor memory card preliminarily stored in the
semiconductor memory card;
(ii) the hash value of the public key information cal-
culated in the playback device does not match the
hash value included in the signature information; and
(iii) the playback device to perform the playback is
not authentic.

[0356] On the other hand, suppose that all of the fol-
lowing conditions (i), (ii) and (iii) are satisfied: (i) the iden-
tification information of the semiconductor memory card
contained in the public key information matches the iden-
tification number of the semiconductor memory card pre-
liminarily stored in the semiconductor memory card; (ii)
the hash value of the public key information calculated
in the playback device matches the hash value included
in the signature information; and (iii) the playback device
to perform the playback is authentic, are satisfied. In that
case, it is judged that the combination of the identification
number of the semiconductor memory, the public key
contained in the public key information, and the device
key that is preliminarily recorded in the playback device,
is correct, and the encrypted data is decrypted by using
the key necessary for the decryption (the title key that is
obtained by decrypting the encrypted title key by using
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the device key, the MKB, and the identification number
of the semiconductor memory).
[0357] When the encrypted data is, for example, a vid-
eo stream and an audio stream, the video decoder de-
crypts (decodes) the video stream by using the above-
described key necessary for the decryption (the title key
that is obtained by decrypting the encrypted title key),
and the audio decoder decrypts (decodes) the audio
stream by using the above-described key necessary for
the decryption.
[0358] With such a structure, when devices, parts of
the devices, and functions (programs) that might be used
in an unauthorized manner are known at the time of the
electronic distribution, a device list showing such devices
and the like may be distributed. This enables the playback
device having received the list to inhibit the decryption
with use of the public key information (public key per se)
when the playback device includes anything shown in
the list. Therefore, even if the combination of the identi-
fication number of the semiconductor memory, the public
key per se contained in the public key information, and
the device key that is preliminarily recorded in the play-
back device, is correct, a control is performed not to de-
crypt the encrypted data. This makes it possible to pre-
vent the distribution data from being used by an unau-
thentic device.
[0359] It is preferable that the identifier of the semicon-
ductor memory card that is preliminarily recorded in the
semiconductor memory card is stored in a highly secure
recording area. This is because, when the identification
number (for example, the serial number of the SD mem-
ory card) that is preliminarily recorded in the semicon-
ductor memory card is tampered with, unauthorized cop-
ying becomes easy. More specifically. although unique())
different identification numbers are assigned to semicon-
ductor memory cards, if the identification numbers are
tampered with to be the same, the above-described judg-
ment in (1) does not make sense, and as many semicon-
ductor memory cards as tampering may be copied in an
unauthorized manner.
[0360] For this reason, it is preferable that information
such as the identification number of the semiconductor
memory card is stored in a highly secure recording area.
[0361] To realize this, the semiconductor memory
card, for example, may have a structure in which a re-
cording area for recording highly confidential data such
as the identifier of the semiconductor memory card (here-
inafter, the recording area is referred to as a second re-
cording area) is provided separately from a recording ar-
ea for recording regular data (hereinafter, the recording
area is referred to as a first recording area), a control
circuit for controlling accesses to the second recording
area is provided, and the second recording area is ac-
cessible only through the control circuit.
[0362] For example, data may encrypted so that en-
crypted data is recorded in the second recording area,
and the control circuit may be embedded with a circuit
for decrypting the encrypted data. In this structure, when

an access is made to the second recording area, the
control circuit decrypts the encrypted data and returns
decrypted data. As another example, the control circuit
may hold information indicating the location where the
data is stored in the second recording area, and when
an access is made to the second recording area, the
control circuit identifies the corresponding storage loca-
tion of the data, and returns data that is read out from
the identified storage location.
[0363] An application, which is running on the playback
device and is to record data onto the semiconductor
memory card with use of the electronic distribution, is-
sues, to the control circuit via a memory card interface,
an access request requesting to access the data (for ex-
ample, the identification number of the semiconductor
memory card) recorded in the second recording area.
Upon receiving the request, the control circuit reads out
the data from the second recording area and returns the
data to the application running on the playback device.
It sends the identification number of the semiconductor
memory card and requests the distribution server to dis-
tribute the data such as the public key information, and
corresponding distribution data. The public key informa-
tion and corresponding distribution data that are sent
from the distribution server are recorded into the first re-
cording area.
[0364] Also, it is preferable that the application, which
is running on the playback device and is to record data
onto the semiconductor memory card with use of the elec-
tronic distribution, preliminarily checks whether or not the
application is tampered with before it issues, to the control
circuit via a memory card interface, an access request
requesting to access the data (for example, the identifi-
cation number of the semiconductor memory card) re-
corded in the second recording area. For checking this,
an existing digital certificate conforming to the X.509
standard, for example, may be used.
[0365] Also, the distribution data recorded in the first
recording area of the semiconductor memory card may
not necessarily be accessed via the control circuit pro-
vided in the semiconductor memory card.

[Industrial Applicability]

[0366] The present invention is applicable to a tech-
nique for a playback device for playback of stereoscopic
video images in order to suppress tearing occurring at
display updates. The technique is suitably applicable to
a stereoscopic video playback device that updates
screen display asynchronously with video output.

[Reference Signs List]

[0367]

100 recording medium
200 playback device
300 remote controller
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400 television set
500 shutter glasses

Claims

1. A playback device (200) comprising:

a playback unit (102) operable to decode a video
stream stored on a recording medium (100) to
execute stereoscopic playback of the video
stream;
a platform unit (110) operable to execute a Java
application;
a plurality of plane memories (103); and
a rendering unit (107) operable to render images
in the plane memories (103) in response to a
rendering request issued by the Java applica-
tion, wherein one of the plane memories (103)
is a left-view plane memory (104a) and another
one is a right-view plane memory (104b), where-
in the rendering request includes first informa-
tion specifying writing to the left-view plane
memory (104a) and second information speci-
fying writing to the right-view plane memory
(104b),
wherein the playback device (200) is adapted
to, when an operation mode is switched from a
first mode in which the rendering unit (107)
renders an image only in the left-view plane
memory (104a) and renders no image in the
right-view plane memory (104b) to a second
mode in which the rendering unit (107) renders
a left-view image in the left-view plane memory
(104a) and renders a right-view image in the
right-view plane memory (104b), copy the image
stored in the left-view plane memory (104a) to
the right-view plane memory (104b), so that the
image stored in the left-view plane and the im-
age copied to the right-view plane memory are
output.

2. The playback device (200) according to claim 1,
wherein
each image to be written into a respective plane
memory is an instance of a data structure stored on
the recording medium (100), and
the rendering request issued by the Java application
specifies an instance to be written and a set of co-
ordinates on a corresponding one of the left-view
and right-view plane memories (104a, 104b).

3. The playback device (200) according to claim 1,
wherein
each image to be written is composed of a plurality
of pieces of line data, and
when line data is written into a specific line of one of
the left-view and right-view plane memories (104a,

104b), the rendering unit (107) is operable to write
line data in the same line of the other of the left-view
and right-view plane memories (104a, 104b).

4. The playback device (200) according to claim 1,
wherein
each of the left-view and right-view plane memories
(104a, 104b) is a double buffer composed of a first
buffer and a second buffer, each of the first and sec-
ond buffers being switched between being used as
a display buffer and as a rendering buffer,
in each double buffer in the initial state, the first buffer
is used as the display buffer and the second buffer
is used as the rendering buffer,
each rendering buffer is used by the rendering unit
(107) to write an image thereto,
each display buffer is used to hold an image having
been written, the written image on the display buffer
being currently displayed, and
upon completion of writing of an image to the second
buffer, the second buffer is switched to be used as
the display buffer, and the first buffer is switched to
be used as the rendering buffer, so that a screen
display of stereoscopic playback is updated.

5. The playback device (200) according to claim 1,
wherein
in response to a call for the application program in-
terface, the rendering unit (107) is operable to first
complete writing to one of the rendering buffers of
the left-view and right-view plane memories (104a,
104b) and then initiate writing to the other rendering
buffer.

6. The playback device (200) according to claim 1,
wherein
the recording medium (100) has a plurality of con-
tents recorded thereon,
the video stream is contained in a specific one of the
contents,
when the specific one of the contents is selected to
be a current playback target, the platform unit (110)
is operable to activate and execute the application
program according to an application management
table associated with the content being the current
playback target, and
the left-view and right-view plane memories (104a,
104b) are reserved on a memory device according
to configuration information contained in an opera-
tion mode object.

7. The playback device (200) according to claim 6,
wherein
the configuration information includes a resolution
code, and
the resolution code defines the number of horizontal
pixels and the number of vertical pixels.
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8. A playback method for executing playback on a com-
puter, the playback method comprising:

a playback step of decode a video stream stored
on a recording medium (100) to execute stere-
oscopic playback of the video stream;
a platform step of execute a Java application;
a rendering step of render images in the plane
memories (103) in response to a rendering re-
quest issued by the Java application, wherein
one of the plane memories (103) is a left-view
plane memory (104a) and another one is a right-
view plane memory (104b), wherein the render-
ing request includes first information specifying
writing to the left-view plane memory (104a) and
second information specifying writing to the
right-view plane memory (104b),
wherein when an operation mode is switched
from a first mode in which the rendering step
renders an image only in the left-view plane
memory (104a) and renders no image in the
right-view plane memory (104b) to a second
mode in which the rendering step renders a left-
view image in the left-view plane memory (104a)
and renders a right-view image in the right-view
plane memory (104b), copy the image stored in
the left-view plane memory (104a) to the right-
view plane memory (104b), so that the image
stored in the left-view plane and the image cop-
ied to the right-view plane memory are output.

9. A program for causing a computer to execute play-
back processing, the program comprising code op-
erable to cause the computer to perform:

a playback step of decode a video stream stored
on a recording medium (100) to execute stere-
oscopic playback of the video stream;
a platform step of execute a Java application;
a rendering step of render images in the plane
memories (103) in response to a rendering re-
quest issued by the Java application, wherein
one of the plane memories (103) is a left-view
plane memory (104a) and another one is a right-
view plane memory (104b), wherein the render-
ing request includes first information specifying
writing to the left-view plane memory (104a) and
second information specifying writing to the
right-view plane memory (104b),
wherein when an operation mode is switched
from a first mode in which the rendering step
renders an image only in the left-view plane
memory (104a) and renders no image in the
right-view plane memory (104b) to a second
mode in which the rendering step renders a left-
view image in the left-view plane memory (104a)
and renders a right-view image in the right-view
plane memory (104b), copy the image stored in

the left-view plane memory (104a) to the right-
view plane memory (104b), so that the image
stored in the left-view plane and the image cop-
ied to the right-view plane memory are output.

Patentansprüche

1. Wiedergabevorrichtung (200), umfassend:

eine Wiedergabeeinheit (102), die betätigt wer-
den kann, um einen Videostrom zu decodieren,
der auf einem Aufzeichnungsmedium (100) ge-
speichert ist, um eine stereoskopische Wieder-
gabe des Videostroms auszuführen;
eine Plattformeinheit (110), die betätigt werden
kann, um eine Java-Applikation auszuführen;
eine Vielzahl von Ebenenspeichern (103); und
eine Renderingeinheit (107), die betätigt werden
kann, um Bilder in den Ebenenspeichern (103)
in Erwiderung auf eine Renderinganforderung
zu rendern, die von der Java-Applikation aus-
gegeben wird, wobei einer der Ebenenspeicher
(103) ein Linksansichts-Ebenenspeicher (104a)
und ein weiterer ein Rechtsansichts-Ebenen-
speicher (104b) ist, wobei die Renderinganfor-
derung erste Informationen, die ein Schreiben
in den Linksansichts-Ebenenspeicher (104a)
festlegen, und zweite Informationen umfasst,
die ein Schreiben in den Rechtsansichts-Ebe-
nenspeicher (104b) festlegen,
wobei die Wiedergabevorrichtung (200) dazu
eingerichtet ist, dass, wenn eine Betriebsart von
einer ersten Betriebsart, in der die Renderinge-
inheit (107) ein Bild lediglich in dem Linksan-
sichts-Ebenenspeicher (104a) rendert und kein
Bild in dem Rechtsansichts-Ebenenspeicher
(104b) rendert, in eine zweite Betriebsart wech-
selt, in der die Renderingeinheit (107) ein Links-
ansichtsbild in dem Linksansichts-Ebenenspei-
cher (104a) und ein Rechtsansichtsbild in dem
Rechtsansichts-Ebenenspeicher (104b) ren-
dert, das Bild, das in dem Linksansichts-Ebe-
nenspeicher (104a) gespeichert ist, in den
Rechtsansichts-Ebenenspeicher (104b) zu ko-
pieren, so dass das Bild, das in dem Linksan-
sichts-Ebenenspeicher gespeichert ist, und das
Bild, das in den Rechtsansichts-Ebenenspei-
cher kopiert ist, ausgegeben werden.

2. Wiedergabevorrichtung (200) nach Anspruch 1, bei
der
jedes Bild, das in einen entsprechenden Ebenen-
speicher zu schreiben ist, ein Ereignis einer Daten-
struktur ist, die auf dem Aufzeichnungsmedium ge-
speichert ist, und
die Renderinganforderung, die von der Java-Appli-
kation ausgegeben wird, ein zu schreibendes Ereig-
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nis und einen Satz von Koordinaten über einen ent-
sprechenden des Linksansichts- und des Rechtsan-
sichts-Ebenenspeichers (104a, 104b) festlegt.

3. Wiedergabevorrichtung (200) nach Anspruch 1, bei
der
jedes zu schreibende Bild aus einer Vielzahl von Stü-
cken von Zeilendaten besteht und,
wenn Zeilendaten in eine bestimmte Zeile eines des
Linksansichts- und des Rechtsansichts-Ebenen-
speichers (104a, 104b) geschrieben werden, die
Renderingeinheit (107) betätigt werden kann, um
Zeilendaten in derselben Zeile des anderen des
Linksansichts- und des Rechtsansichts-Ebenen-
speichers (104a, 104b) zu schreiben.

4. Wiedergabevorrichtung (200) nach Anspruch 1, bei
der
jeweils der Linksansichts- und der Rechtsansichts-
Ebenenspeicher (104a, 104b) ein Doppelpuffer ist,
der aus einem ersten Puffer und einem zweiten Puf-
fer besteht, wobei jeweils der erste und der zweite
Puffer umgeschaltet werden zwischen der Verwen-
dung als Anzeigepuffer und als Renderingpuffer,
in jedem Doppelpuffer in dem Ausgangszustand der
erste Puffer als der Anzeigepuffer und der zweite
Puffer als der Renderingpuffer verwendet wird,
jeder Renderingpuffer von der Renderingeinheit
(107) verwendet wird, um ein Bild in diesen zu schrei-
ben,
jeder Anzeigepuffer verwendet wird, um ein Bild zu
halten, das geschrieben wurde, wobei das geschrie-
bene Bild in dem Anzeigepuffer momentan ange-
zeigt wird, und
bei Beendigung des Schreibens eines Bildes in den
zweiten Puffer, der zweite Puffer umgeschaltet wird,
um als der Anzeigepuffer verwendet zu werden, und
der erste Puffer umgeschaltet wird, um als Rende-
ringpuffer verwendet zu werden, so dass die Bild-
schirmanzeige der stereoskopischen Wiedergabe
aktualisiert wird.

5. Wiedergabevorrichtung (200) nach Anspruch 1, bei
der
in Erwiderung auf einen Aufruf der Applikationspro-
gramm-Schnittstelle die Renderingeinheit (107) be-
tätigt werden kann, um zuerst das Schreiben in einen
der Renderingpuffer des Linksansichts- und des
Rechtsansichts-Ebenenspeichers (104a, 104b) zu
vervollständigen und anschließend das Schreiben
in den anderen Renderingpuffer zu initiieren.

6. Wiedergabevorrichtung (200) nach Anspruch 1, bei
der
das Aufzeichnungsmedium (100) eine Vielzahl von
Inhalten hat, die auf diesem Aufgezeichnet sind,
der Videostrom in einem speziellen der Inhalte ent-
halten ist,

wenn der spezifische der Inhalte als aktuelles Wie-
dergabeziel gewählt wird, die Plattformeinheit (110)
betätigt werden kann, um das Applikationspro-
gramm gemäß einer Applikations-Verwaltungsta-
belle zu aktivieren und auszuführen, die mit dem In-
halt assoziiert ist, der das aktuelle Wiedergabeziel
ist, und
der Linksansichts- sowie der Rechtsansichts-Ebe-
nenspeicher (104a, 104b) in einer Speichervorrich-
tung gemäß Konfigurationsinformationen reserviert
werden, die in einem Betriebsartgegenstand enthal-
ten sind.

7. Wiedergabevorrichtung (200) nach Anspruch 6, bei
der
die Konfigurationsinformationen einen Auflösungs-
code umfassen und
der Auflösungscode die Anzahl horizontaler Pixel
und die Anzahl vertikaler Pixel definiert.

8. Wiedergabeverfahren für die Ausführung einer Wie-
dergabe auf einem Computer, wobei das Wiederga-
beverfahren umfasst:

einen Wiedergabeschritt des Decodierens ei-
nes Videostroms, der auf einem Aufzeichnungs-
medium (100) gespeichert ist, um eine stereos-
kopische Wiedergabe des Videostroms auszu-
führen;
einen Plattformschritt des Ausführens einer Ja-
va-Applikation; und
einen Renderingschritt des Renderns von Bil-
dern in den Ebenenspeichern (103) in Erwide-
rung auf eine Renderinganforderung, die von
der Java-Applikation ausgegeben wird, wobei
einer der Ebenenspeicher (103) ein Linksan-
sichts-Ebenenspeicher (104a) und ein weiterer
ein Rechtsansichts-Ebenenspeicher (104b) ist,
wobei die Renderinganforderung erste Informa-
tionen, die ein Schreiben in den Linksansichts-
Ebenenspeicher (104a) festlegen, und zweite
Informationen umfasst, die ein Schreiben in den
Rechtsansichts-Ebenenspeicher (104b) festle-
gen,
wobei, wenn eine Betriebsart von einer ersten
Betriebsart, in der die Renderingeinheit (107)
ein Bild lediglich in dem Linksansichts-Ebenen-
speicher (104a) rendert und kein Bild in dem
Rechtsansichts-Ebenenspeicher (104b) ren-
dert, in eine zweite Betriebsart wechselt, in der
die Renderingeinheit (107) ein Linksansichts-
bild in dem Linksansichts-Ebenenspeicher
(104a) und ein Rechtsansichtsbild in dem
Rechtsansichts-Ebenenspeicher (104b) ren-
dert, das Bild, das in dem Linksansichts-Ebe-
nenspeicher (104a) gespeichert ist, in den
Rechtsansichts-Ebenenspeicher (104b) kopiert
wird, so dass das Bild, das in dem Linksansichts-
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Ebenenspeicher gespeichert ist, und das Bild,
das in den Rechtsansichts-Ebenenspeicher ko-
piert ist, ausgegeben werden.

9. Programm, das einen Computer dazu veranlasst, ei-
ne Wiedergabeverarbeitung auszuführen, wobei
das Programm einen Code umfasst, der betätigt wer-
den kann, um den Computer zu veranlassen, Fol-
gendes auszuführen:

einen Wiedergabeschritt des Decodierens ei-
nes Videostroms, der auf einem Aufzeichnungs-
medium (100) gespeichert ist, um eine stereos-
kopische Wiedergabe des Videostroms auszu-
führen;
einen Plattformschritt des Ausführens einer Ja-
va-Applikation; und
einen Renderingschritt des Renderns von Bil-
dern in den Ebenenspeichern (103) in Erwide-
rung auf eine Renderinganforderung, die von
der Java-Applikation ausgegeben wird, wobei
einer der Ebenenspeicher (103) ein Linksan-
sichts-Ebenenspeicher (104a) und ein weiterer
ein Rechtsansichts-Ebenenspeicher (104b) ist,
wobei die Renderinganforderung erste Informa-
tionen, die ein Schreiben in den Linksansichts-
Ebenenspeicher (104a) festlegen, und zweite
Informationen umfasst, die ein Schreiben in den
Rechtsansichts-Ebenenspeicher (104b) festle-
gen,
wobei, wenn eine Betriebsart von einer ersten
Betriebsart, in der die Renderingeinheit (107)
ein Bild lediglich in dem Linksansichts-Ebenen-
speicher (104a) rendert und kein Bild in dem
Rechtsansichts-Ebenenspeicher (104b) ren-
dert, in eine zweite Betriebsart wechselt, in der
die Renderingeinheit (107) ein Linksansichts-
bild in dem Linksansichts-Ebenenspeicher
(104a) und ein Rechtsansichtsbild in dem
Rechtsansichts-Ebenenspeicher (104b) ren-
dert, das Bild, das in dem Linksansichts-Ebe-
nenspeicher (104a) gespeichert ist, in den
Rechtsansichts-Ebenenspeicher (104b) kopiert
wird, so dass das Bild, das in dem Linksansichts-
Ebenenspeicher gespeichert ist, und das Bild,
das in den Rechtsansichts-Ebenenspeicher ko-
piert ist, ausgegeben werden.

Revendications

1. Dispositif de lecture (200) comprenant :

une unité de lecture (102) pouvant être action-
née pour décoder un flux vidéo mémorisé sur
un support d’enregistrement (100) pour exécu-
ter une lecture stéréoscopique du flux vidéo ;
une unité de plate-forme (110) pouvant être ac-

tionnée pour exécuter une application Java ;
une pluralité de mémoires de plan (103) ; et
une unité de restitution (107) pouvant être ac-
tionnée pour restituer des images dans les mé-
moires de plan (103) en réponse à une demande
de restitution délivrée par l’application Java,
dans lequel l’une des mémoires de plan (103)
est une mémoire de plan de vision gauche
(104a) et une autre mémoire de plan est une
mémoire de plan de vision droite (104b), dans
lequel la demande de restitution comporte des
premières informations spécifiant l’écriture dans
la mémoire de plan de vision gauche (104a) et
des secondes informations spécifiant l’écriture
dans la mémoire de plan de vision droite (104b),
dans lequel, lorsque le mode de fonctionnement
est commuté d’un premier mode dans lequel
l’unité de restitution (107) restitue une image
uniquement dans la mémoire de plan de vision
gauche (104a) et ne restitue pas d’image dans
la mémoire de plan de vision droite (104b) à un
second mode dans lequel l’unité de restitution
(107) restitue une image de vision gauche dans
la mémoire de plan de vision gauche (104a) et
restitue une image de vision droite dans la mé-
moire de plan de vision droite (104b), le dispositif
de lecture (200) est adapté à copier dans la mé-
moire de plan de vision droite (104b) l’image mé-
morisée dans la mémoire de plan de vision gau-
che (104a), de façon à délivrer en sortie l’image
mémorisée dans la mémoire de plan de vision
gauche et l’image copiée dans la mémoire de
plan de vision droite.

2. Dispositif de lecture (200) selon la revendication 1,
dans lequel
chaque image à écrire dans une mémoire de plan
respective est une instance d’une structure de don-
nées mémorisée sur le support d’enregistrement
(100), et
la demande de restitution délivrée par l’application
Java spécifie une instance à écrire et un ensemble
de coordonnées sur une mémoire correspondante
des mémoires de plan de vision gauche et de vision
droite (104a, 104b).

3. Dispositif de lecture (200) selon la revendication 1,
dans lequel
chaque image à écrire est composée d’une pluralité
d’éléments de données de ligne, et
lorsque les données de ligne sont écrites dans une
ligne spécifique de l’une des mémoires de plan de
vision gauche et de vision droite (104a, 104b), l’unité
de restitution (107) peut être actionnée pour écrire
des données de ligne dans la même ligne de l’autre
des mémoires de plan de vision gauche et de vision
droite (104a, 104b).
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4. Dispositif de lecture (200) selon la revendication 1,
dans lequel
chacune des mémoires de plan de vision gauche et
de vision droite (104a, 104b) est un double tampon
constitué d’un premier tampon et d’un second tam-
pon, chacun des premier et second tampons étant
commuté entre une utilisation en tant que tampon
d’affichage et en tant que tampon de restitution,
dans chaque double tampon à l’état initial, le premier
tampon est utilisé en tant que tampon d’affichage et
le second tampon est utilisé en tant que tampon de
restitution,
chaque tampon de restitution est utilisé par l’unité
de restitution (107) pour y écrire une image,
chaque tampon d’affichage est utilisé pour retenir
une image ayant été écrite, l’image écrite sur le tam-
pon d’affichage étant en cours d’affichage, et
à la fin de l’écriture d’une image dans le second tam-
pon, le second tampon est commuté de façon à être
utilisé en tant que tampon d’affichage et le premier
tampon est commuté de façon à être utilisé en tant
que tampon de restitution, de sorte que l’affichage
d’écran de lecture stéréoscopique est mis à jour.

5. Dispositif de lecture (200) selon la revendication 1,
dans lequel
en réponse à un appel de l’interface de programme
d’application, l’unité de restitution (107) peut être ac-
tionnée pour terminer d’abord d’écrire dans l’un des
tampons de restitution des mémoires de plan de vi-
sion gauche et de vision droite (104a, 104b) puis
pour initialiser l’écriture dans l’autre tampon de res-
titution.

6. Dispositif de lecture (200) selon la revendication 1,
dans lequel
le support d’enregistrement (100) possède une plu-
ralité de contenus enregistrés sur celui-ci,
le flux vidéo est contenu dans un contenu spécifique
parmi les contenus,
lorsque le contenu spécifique parmi les contenus est
sélectionné de manière à être une cible de lecture
courante, l’unité de plate-forme (110) peut être ac-
tionnée pour activer et exécuter le programme d’ap-
plication conformément à une table de gestion d’ap-
plication associée avec le contenu qui constitue la
cible de lecture courante, et
les mémoires de plan de vision gauche et de vision
droite (104a, 104b) sont réservées sur un dispositif
mémoire en fonction des informations de configura-
tion contenues dans un objet de mode de fonction-
nement.

7. Dispositif de lecture (200) selon la revendication 6,
dans lequel
les informations de configuration comportent un co-
de de résolution, et
le code de résolution définit le nombre de pixels ho-

rizontaux et le nombre de pixels verticaux.

8. Procédé de lecture pour exécuter une lecture sur un
ordinateur, le procédé de lecture comprenant :

une étape de lecture consistant à décoder un
flux vidéo mémorisé sur un support d’enregis-
trement (100) pour exécuter une lecture sté-
réoscopique du flux vidéo ;
une étape de plate-forme consistant à exécuter
une application Java ;
une étape de restitution consistant à restituer
des images dans les mémoires de plan (103) en
réponse à une demande de restitution délivrée
par l’application Java, dans lequel l’une des mé-
moires de plan (103) est une mémoire de plan
de vision gauche (104a) et une autre mémoire
de plan est une mémoire de plan de vision droite
(104b), dans lequel la demande de restitution
comporte des premières informations spécifiant
l’écriture dans la mémoire de plan de vision gau-
che (104a) et des secondes informations spéci-
fiant l’écriture dans la mémoire de plan de vision
droite (104b),
dans lequel lorsque le mode de fonctionnement
est commuté d’un premier mode dans lequel
l’étape de restitution restitue une image unique-
ment dans la mémoire de plan de vision gauche
(104a) et ne restitue pas d’image dans la mé-
moire de plan de vision droite (104b) à un se-
cond mode dans lequel l’étape de restitution res-
titue une image de vision gauche dans la mé-
moire de plan de vision gauche (104a) et restitue
une image de vision droite dans la mémoire de
plan de vision droite (104b), on copie dans la
mémoire de plan de vision droite (104b) l’image
mémorisée dans la mémoire de plan de vision
gauche (104a), de façon à délivrer en sortie
l’image mémorisée dans la mémoire de plan de
vision gauche et l’image copiée dans la mémoire
de plan de vision droite.

9. Programme pour faire exécuter par un ordinateur un
traitement de lecture, le programme comprenant un
code pouvant être actionné pour faire effectuer par
l’ordinateur :

une étape de lecture consistant à décoder un
flux vidéo mémorisé sur un support d’enregis-
trement (100) pour exécuter une lecture sté-
réoscopique du flux vidéo ;
une étape de plate-forme consistant à exécuter
une application Java ;
une étape de restitution consistant à restituer
des images dans les mémoires de plan (103) en
réponse à une demande de restitution délivrée
par l’application Java, dans lequel l’une des mé-
moires de plan (103) est une mémoire de plan
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de vision gauche (104a) et une autre mémoire
de plan est une mémoire de plan de vision droite
(104b), dans lequel la demande de restitution
comporte des premières informations spécifiant
l’écriture dans la mémoire de plan de vision gau-
che (104a) et des secondes informations spéci-
fiant l’écriture dans la mémoire de plan de vision
droite (104b),
dans lequel lorsque le mode de fonctionnement
est commuté d’un premier mode dans lequel
l’étape de restitution restitue une image unique-
ment dans la mémoire de plan de vision gauche
(104a) et ne restitue pas d’image dans la mé-
moire de plan de vision droite (104b) à un se-
cond mode dans lequel l’étape de restitution res-
titue une image de vision gauche dans la mé-
moire de plan de vision gauche (104a) et restitue
une image de vision droite dans la mémoire de
plan de vision droite (104b), on copie dans la
mémoire de plan de vision droite (104b) l’image
mémorisée dans la mémoire de plan de vision
gauche (104a), de façon à délivrer en sortie
l’image mémorisée dans la mémoire de plan de
vision gauche et l’image copiée dans la mémoire
de plan de vision droite.
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