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AUDIO/VIDEO/COMPUTER GRAPHICS
SYNCHRONOUS REPRODUCING/
SYNTHESIZING SYSTEM AND METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a system for synchro-
nously reproducing/synthesizing an audio signal, a video
signal, and computer graphics data.

Known international coding standards for a system which
compresses, codes, and multiplexes an audio signal (or a
speech signal) and a video signal, transmits/stores the mul-
tiplexed signal, expands the transmitted/stored signal, and
decodes 1t to the original audio and video signals are
MPEG]1 and MPEG?2 defined by the MPEG (Movmg Picture
Coding Experts Group) 1n working group (WG) 11 1n SC29
under JTC1 (Joint Technical Committee 1) for handling
common matters in the data processing field of the ISO
(International Organization for Standardization) and IEC
(International Electrotechnmical Commaission).

The MPEG assumes a variety of applications. As for
synchronization, systems using phase lock and systems not
based on phase lock are assumed.

In synchronmization using phase lock, an audio signal
coding clock (sampling rate of an audio signal) and a video
signal coding clock (frame rate of a video signal) are
phase-locked to a common SCR (System Clock Reference).

A time stamp representing time of decoding/reproduction
1s added to a multiplexed bit stream. A decoding system
realizes phase lock and sets a time reference. More
specifically, synchronization between the coding system and
the decoding system 1s established. In addition, the audio
signal and the video signal are decoded on the basis of the
time stamp, thereby realizing reproduction/display of the

audio signal and the video signal which are synchronized
with each other.

When phase lock 1s not employed, the audio signal and
the video signal are independently processed and decoded in
accordance with corresponding time stamps added by the
coding system.

FIG. 16 shows the configuration of a system for
reproducing/displaying an audio signal and a video signal
from an MPEG system stream based on phase lock, which
1s described i ISO/IEC 13818-1, “Information Technology-
Generic Coding of Moving Pictures and Associated Audio
Systems”, November 1994,

Referring to FIG. 16, a demultiplexer 1 separates a bit
stream 1n which an audio signal and a video signal are
compressed and multiplexed 1n accordance with the MPEG
standard, into a compressed audio signal stream, a time
stamp, the SCR (System Clock Reference) or PCR (Program
Clock Reference) of the audio signal, a compressed video
signal stream, a time stamp, and the SCR or PCR of the
video signal.

An audio bufler 2 buflers the compressed audio signal
stream separated by the demultiplexer 1. An audio PLL
(Phase Locked Loop) 3 receives the SCR/PCR of the audio
signal separated by the demultiplexer 1 and generates a
decoding clock. An audio signal decoder 4 decodes the
compressed audio signal stream from the audio bufler 2 at a
timing 1ndicated by the time stamp of the audio signal in
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accordance with the decoding clock supplied from the audio
PLL 3. An audio memory 5 stores the decoded audio signal
supplied from the audio signal decoder 4 and outputs the
audio signal.

A video bufler 7 buflers the compressed video signal
stream separated by the demultiplexer 1. A video PLL 8
receives the SCR/PCR of the video signal separated by the
demultiplexer 1 and generates a decoding clock. A video
signal decoder 9 decodes the compressed video signal
stream from the video bufler 7 at a timing indicated by the
time stamp of the video signal in accordance with the
decoding clock supplied from the video PLL 8. A video
memory 10 stores the decoded video signal supplied from
the video signal decoder 9 and outputs the video signal.

The audio PLL 3 and the video PLL 8 control the
oscillation frequency such that the SCR/PCR of the coding
system, which 1s supplied from the demultiplexer 1, matches
the timer counter value of the STC (System Time Clock) of
the audio PLL 3 and the video PLL 8. With this processing,
the time reference of the decoding system 1s set, and
synchronization between the coding system and the decod-
ing system 1s established.

Next, the audio signal and the video signal are decoded at
the timing indicated by the time stamp, thereby realizing
synchronous reproduction/display of the audio signal and
the video signal.

Along with recent development of the computer and LSI
technologies, computer graphics (CG) 1s popularly used in
various fields. Accordingly, attempts for integrating an audio
signal (or a speech signal), a video signal, and computer
graphics data and transmitting/storing the integrated data
have been extensively made.

As shown in FIG. 15, a coding system 24 receives an
audio signal, a video signal, and computer graphics data,
codes these data, multiplexes these data or independently

outputs these data to a transmission system/storage system
25.

A decoding system 26 extracts the integrated data from
the transmission system/storage system 25, decodes the data,
and outputs the audio signal and 1integrated image data of the
video signal and computer graphics. Interaction from the
observer using a pointing device such as a mouse or a
joystick, e.g., viewpoint movement in a three-dimensional
space on the display screen 1s recerved. A typical example 1s
ISO/IEC WD 14772: “The Virtual Reality Modeling Lan-
guage Specification: The VRML2.0 Specification”
(VRML).

The VRML 1s a description language for transmitting/
receiving CG data through a network represented by the
Internet and forming/sharing a virtual space. The VRML
supports ISO/IEC 11172 (MPEG1) which 1s standardized as
an audio/video signal coding standard. More specifically, on
the coding system side, the MPEGI1 stream used the in
VRML description, the sound source position of an audio
signal, and a three-dimensional object on which a video
signal 1s mapped are designated. On the decoding system
side, a three-dimensional space 1s formed 1n accordance with
the received VRML description, the audio sound source and
the video object are arranged 1n the three-dimensional space,
and the audio signal and the video signal are synchronously
reproduced/displayed 1n accordance with time stamp infor-
mation contained in the MPEG] stream.

The VRML also supports an animation ol a three-
dimensional object. More specifically, on the coding system
side, the start and end times of each event, the duration of

one cycle, the contents of each event, and interaction
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between events are described 1n a script. On the decoding
system side, a three-dimensional space 1s formed 1n accor-
dance with the received VRML description, events are
generated on the basis of unique time management, and an
amimation 1s displayed.

Alternatively, on the coding system side, time t1 and
parameters Xi (color, shape, normal vector, direction,
position, and the like) of the object at the time t1 are
described and defined. On the decoding system side, the
parameters of the object at time t (t,<t<t, _,) are obtained by
interpolation, and an animation 1s displayed.

For the VRML, a binary format replacing the conven-
tional script description has also been examined. This
enables reduction of redundancy of a script description or
shortening of the processing time for converting the script
description into a high-speed rendering format on the decod-
ing system, thereby improving the transmission efliciency
and realizing high-speed three-dimensional display.

A description 1n, e.g., M. Deering, “Geometry
Compression”, Computer Graphics Proceedings, Annual
Conference Series, pp. 13—20, Aug. 1995 can be referred to
as a means for reducing redundancy of a script description.
An eflicient system for compressing vortex data expression
for describing a three-dimensional object 1s described 1n this
reference.

FI1G. 17 shows the arrangement of a conventional decod-
ing system (1in the VRML, this system 1s normally called a
“browser”) for receiving the VRML description and display-
ing the three-dimensional space. Conventional decoding
systems of this type are, e.g., “Live3D” available from
Netscape, “CyberPassage™ available from Sony, and “Web-
Space” available from SGI which are opened to the public
through the Internet.

Referring to FI1G. 17, an AV buller 21 buflers a bit stream
in which an audio signal and a video signal are compressed
and multiplexed. The demultiplexer 1 separates the bit
stream 1n which the audio signal and the video signal are
compressed and multiplexed, which 1s supplied from the AV
bufler 21, into a compressed audio signal stream and a
compressed video signal stream.

The audio signal decoder 4 decodes the compressed audio
signal stream supplied from the demultiplexer 1. The audio
memory 5 stores the decoded audio signal supplied from the
audio signal decoder 4 and outputs the audio signal. A
modulator 6 modulates the audio signal from the audio
memory 5 on the basis of a viewpoint, the viewpoint moving,
speed, the sound source position, and the sound source

moving speed, which are supplied from a rendering engine
15.

The video signal decoder 9 decodes the compressed video
signal stream supplied from the demultiplexer 1. The video
memory 10 stores the decoded video signal supplied from
the video signal decoder 9.

A CG butler 22 buflers a compressed computer graphics
data stream (or a normal stream). A CG decoder 12 decodes
the compressed computer graphics data stream supplied
from the CG buller 22 and generates decoded computer
graphics data, and at the same time, outputs event time
management information. A CG memory 13 stores the
decoded computer graphics data supplied from the CG
decoder 12 and outputs the computer graphics data.

An event generator 14 determines reference time on the
basis of a clock supplied from a system clock generator 20
and outputs an event driving instruction 1 accordance with
the event time management information (e.g., a time stamp)
supplied from the CG decoder 12.
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The rendering engine 15 receives the video signal sup-
plied from the video memory 10, the computer graphics data
supplied from the CG memory 13, the event driving instruc-
tion supplied from the event generator 14, and viewpoint
movement data supplied from a viewpoint movement detec-
tor 17 and outputs the viewpoint, the viewpoint moving
speed, the sound source position, the sound source moving,
speed, and the synthesized image of the video signal and the
computer graphics data.

A video/CG memory 16 stores the synthesized image of
the video signal and the computer graphics data and outputs
the synthesized image. The viewpoint movement detector 17
receives a user iput from a pointing device such as a mouse
or a joystick and outputs it as viewpoint movement data.

Synchronization among the audio signal, the video signal,
and the computer graphics data 1s realized by reproducing/
displaying them using, as reference time, the system clock 1n
the decoding system 1n accordance with the time stamp or
event generation timing, as 1n synchronization not based on

phase lock 1n the MPEG.

A synthesizing system for synchronizing a video signal
and a computer graphics image 1s proposed in Japanese
Patent Laid-Open No. 7-2126353. This conventional synthe-
s1zing system delays a fetched wvideo signal by a time
required for generation of a computer graphics i1mage,
thereby realizing synchronous synthesis/display of the video
signal and the computer graphics data.

In the conventional audio signal/video signal
synthesizing/reproducing system shown in FIG. 16, process-
ing of computer graphics data 1s not mentioned at all.

In addition, the conventional audio signal/video signal/
computer graphics data synthesizing/reproducing system
shown i FIG. 17 assumes only synchronization without
phase lock, and a method of establishing synchromization
between the coding system and the decoding system 1s not
referred to.

In FIG. 17, a preprocessing section 23 enclosed by a
broken line operates asynchronously with the coding system

and writes decoding results 1n the corresponding memories
5, 10, and 13.

Reproduction of the audio and video signals read out from
the memories and the animation of the computer graphics
data based on an event driving 1nstruction are executed using
the system clock unique to the decoding system as reference
time.

The conventional decoding system (VRML browser)
fetches all audio/video/computers graphics mixed data in
advance, and starts audio reproduction, video reproduction,
and animation of the computer graphics data based on an
event driving 1nstruction after all decoding results are writ-
ten 1n the memories.

For this reason, this system can hardly cope with an
application to a communication/broadcasting system which
continuously transfers data. In addition, since all processing
operations depend on the system clock unique to the decod-
ing system, synchronous reproduction becomes hard when
the transier delay varies.

The system proposed 1n Japanese Patent Laid-Open No.
7-212653 has the following problems.

(1) The system does not cope with an audio signal.
(2) The system does not cope with compression.

(3) The system does not separately consider the coding
system and the decoding system.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
audio/video/computer graphics synchronous reproducing/




US RE39,345 E

S

synthesizing system for synchronmizing an audio signal, a
video signal, and computer graphics data.

In order to achieve the above object, according to the
present invention, there i1s provided an audio/video/
computer graphics data synchronous reproducing/
synthesizing system comprising separation means for sepa-
rating a bit stream 1n which an audio signal, a video signal,
and computer graphics data are compressed and

multiplexed, 1nto a compressed radio signal stream, an audio
signal time reference value, a compressed video signal
stream, a video signal time reference value, and a com-
pressed computer graphics data stream, first clock genera-
tion means for generating a first decoding clock on the basis
of the audio signal time reference value from the separation
means, first decoding means for decoding the audio signal
from the compressed audio signal stream from the separa-
tion means and the first decoding clock from the first clock
generation means, lirst storage means for storing the
decoded audio signal from the first decoding means, modu-
lation means for modulating the audio signal from the first
storage means 1 accordance with sound source control
information, second clock generation means for generating
a second decoding clock on the basis of the video signal time
reference value from the separation means, second decoding,
means for decoding the video signal from the compressed
video signal stream from the separation means and the
second decoding clock from the second clock generation
means, second storage means for storing the decoded video
signal from the second decoding means, third decoding
means for decoding the computer graphics data and event
time management information from the compressed com-
puter graphics data stream from the separation means, third
storage means for storing the decoded computer graphics
data from the third decoding means, event generation means
for generating an event driving instruction on the basis of the
second decoding clock from the second clock generation
means and the event time management information from the
third decoding means, detection means for detecting view-
point movement of an observer using a pointing device, and
rendering means for recerving the video signal stored in the
second storage means, the computer graphics data stored 1n
the third storage means, the event driving instruction from
the event generation means, and viewpoint movement data
from the detection means, and outputting a synthesized
image ol the video signal and the computer graphics data
and the sound source control mformation used by the

modulation means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a synchronous reproducing/
synthesizing system according to the first embodiment of the
present mvention;

FIG. 2 1s a block diagram of a synchronous reproducing/
synthesizing system according to the second embodiment of
the present invention;

FIG. 3 1s a block diagram of a synchronous reproducing/
synthesizing system according to the third embodiment of
the present invention;

FI1G. 4 1s a block diagram of a synchronous reproducing/
synthesizing system according to the fourth embodiment of
the present invention;

FIG. 5 1s a block diagram of a synchronous reproducing/
synthesizing system according to the fifth embodiment of
the present invention;

FIG. 6 1s a block diagram of a synchronous reproducing/
synthesizing system according to the sixth embodiment of
the present invention;

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 7 1s a block diagram of a synchronous reproducing/
synthesizing system according to the seventh embodiment of
the present invention;

FIG. 8 1s a block diagram of a synchronous reproducing/
synthesizing system according to the eighth embodiment of
the present invention;

FIG. 9 1s a view showing an audio/video/computer graph-
ics multiplexing method;

FIG. 10 1s a timing chart for explaining the operation of
the system shown i FIG. 1;

FIG. 11 1s a timing chart for explaining influence of
rendering delay in the system shown i FIG. 1;

FIG. 12 1s a timing chart for explaining the operation of
the system shown in FIG. 2;

FIG. 13 1s a timing chart for explaining the operation of
the system shown in FIG. 3;

FIG. 14 1s a timing chart for explaining the operation of
the system shown in FIG. 4;

FIG. 15 1s a block diagram showing the concept of an
audio/video/computer graphics integrated transmission/
storage system:

FIG. 16 1s a block diagram of a conventional audio/video
synchronous reproducing system; and

FIG. 17 1s a block diagram of a conventional audio/video/
computer graphics synthesizing system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described below 1n detail
with reference to the accompanying drawings.
| First Embodiment |

FIG. 1 shows a synchronous reproducing/synthesizing
system according to the first embodiment of the present
invention. Referring to FIG. 1, the decoding system in the
system of the first embodiment comprises a demultiplexer
101, an audio buffer 102, an audio PLL 103, an audio
decoder 104, an audio memory 105, a modulator 106, a
video bufler 107, a video PLL 108, a video decoder 109, a
video memory 110, a CG bufler 111, a CG decoder 112, a
CG memory 113, an event generator 114, a rendering engine
115, a video/CG memory 116, and a viewpoint movement
detector 117.

The demultiplexer 101 separates a bit stream 1n which an
audio signal, a video signal, and computer graphics data are
compressed and multiplexed, into a compressed audio signal
stream, a time stamp of the audio signal, the SCR (System
Clock Reference) or PCR (Program Clock Reference) of the
audio signal, a compressed video signal stream, a time stamp
of the video signal, the SCR or PCR of the video signal, and
a compressed computer graphics data stream.

The audio butter 102 buflers the compressed audio signal
stream separated by the demultiplexer 101.

The audio PLL 103 receives the SCR/PCR of the audio
signal separated by the demultiplexer 101 and generates a
decoding clock.

The audio decoder 104 decodes the compressed audio
signal stream from the audio bufler 102 at a timing indicated
by the time stamp of the audio signal 1n accordance with the
decoding clock supplied from the audio PLL 103. The audio
memory 105 stores the decoded audio signal supplied from
the audio decoder 104 and outputs the audio signal. The
modulator 106 modulates the audio signal from the audio
memory 105 1n accordance with the viewpoint, the view-
point moving speed, the sound source position, and the
sound source moving speed which are supplied from the
rendering engine 113.
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The audio bufler 107 builers the compressed audio signal
stream separated by the demultiplexer 101.

The video PLL 108 receives the SCR/PCR of the video
signal separated by the demultiplexer 101 and generates a
decoding clock.

The video decoder 109 decodes the compressed video
signal stream from the video bufler 107 at a timing 1ndicated
by the time stamp of the video signal 1n accordance with the
decoding clock supplied from the video PLL 108. The video
memory 110 stores the decoded video signal supplied from
the video decoder 109 and outputs the video signal.

The CG bufler 111 buflers the compressed computer
graphics data stream separated by the demultiplexer 101.
The CG decoder 112 decodes the compressed computer
graphics data stream [arid] and generates decoded computer
graphics data, and at the same time, outputs event time
management mformation.

The CG memory 113 stores the decoded computer graph-
ics data supplied from the CG decoder 112 and outputs the
computer graphics data. The event generator 114 determines
reference time on the basis of the clock supplied from the
video PLL 108 and outputs an event driving instruction in
accordance with the event time management nformation
(e.g., a time stamp) supplied from the CG decoder 112.

The rendering engine 115 receives the video signal sup-
plied from the video memory 110, the computer graphics
data supplied from the CG memory 113, the event driving
instruction supplied from the event generator 114, and the
viewpoint movement data supplied from the wviewpoint
movement detector 117 and outputs a viewpoint, a view-
point moving speed, a sound source position, a sound source
moving speed, and the synthesized image of the video signal
and the computer graphics data.

The video/CG memory 116 stores the synthesized image
of the video signal and the computer graphics data and
outputs the synthesized image. The viewpoint movement
detector 117 receives a user input from a pointing device
such as a mouse or a joystick and outputs 1t as viewpoint
movement data.

The operation of the system shown i FIG. 1 will be
described next. In the coding system, the compressed
streams ol an audio signal, a video signal, and computer
graphics data are multiplexed, as shown 1n FIG. 9.

First, the audio signal and the video signal are divided into
audio packets 140 and video packets 150 each constituted by
compressed data and a header containing a time stamp. The
computer graphics data 1s divided into CG packets 160 each
constituted by compressed data (the data 1s not sometimes
compressed), even time management information, and a
header. These packets are put into a group, and a pack header
containing an SCR or PCR 1s added to the group to generate
a multiplexed stream 170.

In the decoding system shown in FIG. 1, the demulti-
plexer 101 separates the multiplexed stream 170 into the
audio packet 140, the video packet 150, the CG packet 160,
and the SCR/PCR again.

The audio packet 140, the video packet 150, and the CG
packet 160 are stored in the audio bufler 102, the video
bufler 107, and the CG bufler 111, respectively. The SCR/
PCR 1s output to the audio PLL 103 and the video PLL 108
and used to control the oscillation frequency.

The audio decoder 104, the video decoder 109, and the
CG decoder 112 decode the compressed data Stored in the
audio bufler 102, the video bufler 107, and the CG buller
111, respectively. The decoding results are written 1n the
audio memory 1035, the video memory 110, and the CG
memory 113, respectively.
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For the computer graphics data, event time management
information on the time axis 1s separated by the CG decoder
112 and sent to the event generator 114. The event generator
114 has a function of matching the description format of
time used to reproduce the audio signal and the video signal
and the description format of time used for event driving of
the computer graphics.

In decoding the audio signal and the video signal, the
clock frequency sent from the coding system and changing
depending on the SCR/PCR and the time stamps contained
in the packet headers are used to decode these signals 1n
synchronism with the coding system.

However, the computer graphics data need not always be
decoded 1n this way because the computer graphics 1s not
based on the concept of a sampling rate while the audio
signal and the video signal are sampled at a predetermined
period on the time axis.

More specifically, in the decoding system, as far as
decoding 1s ended before actual display of the computer
graphics, the operation clock of the computer graphics
decoder can be arbitrarily [sew] set. [Reversely] Conversely,
in the decoding system, decoding of computer graphics data
must be ended before the computer graphics data 1s actually
displayed.

The audio signal, the video signal, and the computer
graphics data written in the audio memory 105, the video
memory 110, and the CG memory 113 respectively are
reproduced and synthesized by processing 1in the modulator
106 and the rendering engine 115.

An interaction from the observer (user) 1s detected by the
viewpoint movement detector 117 through the pointing
device such as a mouse and reflected, as viewpoint move-
ment data, to the rendering result from the rendering engine
115. The behavior of an object along the time axis, which 1s
defined by the computer graphics data, 1s controlled 1n
accordance with an event driving instruction generated from
the event generator 114.

Not the system clock of the decoding system but the
decoding clock generated by the video PLL 108 1s used as
reference time of the event generator 114. With this
arrangement, the video signal and the computer graphics
data are synchronized with each other without being influ-
enced by a transmission delay or jitter.

FIG. 10 shows the flow of decoding and reproduction/
display in the first embodiment of the present invention.

Referring to FIG. 10, A#n represents decoding and repro-
duction of the nth audio signal. V#n represents decoding and
reproduction/display of the frame of the nth video signal.
CG#n represents decoding and reproduction/display of the
scene ol the nth computer graphics data.

Decoding of the audio or video signal 1s started/ended at
times defined by the time stamp. FIG. 10 shows a case
wherein decoding 1s complete 1n a time much shorter than
the frame interval. However, decoding which requires a
longer time can also be performed by delaying reproduction/
display by a predetermined time. In FIG. 10, although the
designated times of the time stamps of the audio signal and
the video signal are intentionally changed excluding the first
decoding, the same time may be set.

On the other hand, decoding of the computer graphics
data 1s started/ended before reproduction/display. Computer
graphics 1s not displayed while the first scene 1s being
decoded. Computer graphics data of the second scene is
decoded 1n the background of display processing of the first
scene.

To guarantee the appropriate end time, the timing for
multiplexing computer graphics data in the coding system
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must be taken into consideration. In many cases, computer
graphics data 1s determined 1n advance. Therefore, when the
generation time of the computer graphics data in the decod-
ing system 1s predicted, the appropriate end time can be
casily set unless a scene change frequently occurs.

Reproduction/display 1s realized in accordance with
decoding results while synchronizing the audio signal, the
video signal, and the computer graphics data. In the first
embodiment of the present invention, however, a delay
necessary for rendering 1s not taken into consideration.

FIG. 11 shows the flow of decoding and reproduction/
display considering the rendering delay. In FIG. 11, an
operation of performing the first rendering using a video
frame to be displayed at a certain time point, starting the
second rendering using a video frame to be displayed at the
end time of the first rendering, and starting display of a
synthesized 1mage at the start of a frame 1immediately after
the end of the first rendering 1s repeated.

As 1s apparent from FIG. 11, synchronization between the
audio signal and the synthesized image of the video signal/
computer graphics data 1s canceled.
| Second Embodiment]

FIG. 2 shows the system configuration of the second
embodiment of the present invention. The same reference
numeral as 1n FIG. 1 denote the same elements in FIG. 2, and
a detailed description thereot will be omitted. The difference
from the first embodiment shown in FIG. 1 will be mainly
described below.

In the system of the second embodiment shown 1n FIG. 2,
a video deformation circuit 118 1s added to the first embodi-
ment. In addition, the rendering engine 115 and the video/
CG memory 116 are replaced by a rendering engine 130 and
a video/CG memory 131, respectively.

The rendering engine 130 has not only the function of the
rendering engine 115 but also a function of outputting the
two-dimensional projection information of an object on
which a video signal 1s mapped to the video deformation
circuit 118. The video deformation circuit 118 deforms the
video signal using the video signal supplied from a video
memory 110 and the two-dimensional projection mforma-
tion of the object supplied from the rendering engine 130
and outputs the video signal.

The video/CG memory 131 overwrites the output from
the video deformation circuit 118, 1.e., the deformed video
signal on the output from the rendering engine 130, 1.e., the
synthesized image of the video signal and computer graphics
data and stores the data.

The operation of the system shown i FIG. 2 will be
described next. The operation of decoding the audio signal,
the video signal, and the computer graphics data and writing,
these data 1n an audio memory 105, the video memory 110,
and a CG memory 113, respectively, 1s the same as that of
the system shown in FIG. 1. The rendering engine 130
additionally has a function of outputting the two-
dimensional projection information of the object on which
the video signal 1s mapped.

More specifically, the two-dimensional projection infor-
mation comprises a set of coordinates of a two-dimensional
projection plane of a three-dimensional graphic on which the
video signal 1s mapped and binary data which 1s given in
units ol coordinates and has a value of “1” when the
projection plane 1s not hidden by a front object or “0” when
the projection plane 1s hidden by a front object. This data can
be easily acquired as a by-product obtained upon applying a
well-known hidden surface removal algorithm such as
“z-bufler”, “depth-sorting” or “binary space-partitioning’” 1n
rendering.
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The two-dimensional projection information i1s used by
the video deformation circuit 118 to deform the video signal
and mask the hidden surface portion. This processing can be
realized by using an LSI used 1n an existing video editor or
the like.

The output from the video deformation circuit 118 1s
overwritten on the synthesized image as a rendering result
from the rendering engine 130 immediately before the image
1s written 1n the video/CG memory 131, and output as a new
synthesized image. When the rendering engine 130 1s per-
forming the rendering operation, the video/CG memory 131
cnables preferential writing of the output from the video
deformation circuit 118.

FIG. 12 shows the flow of decoding and reproductlon/
display in the system shown 1 FIG. 2. FIG. 12 15 different
from FIG. 11 in that the video signal 1s written 1n synchro-
nism with the audio signal at the same timing as shown in
FIG. 9.

To display the video signal, a video frame to be displayed
at the display time 1s deformed using the two-dimensional
projection mnformation given as not the result of rendering
which 1s being performed at the display time but the result
of rendering which has been performed immediately before,
and overwritten 1n the video/CG memory 131.
| Third Embodiment]

FIG. 3 shows the system configuration of the third
embodiment of the present invention. The same reference
numeral as 1n FIG. 1 denote the same elements 1n FIG. 3, and
a detailed description thereot will be omitted. The difference
from the first embodiment shown in FIG. 1 will be mainly
described below.

In the system of the third embodiment shown 1n FIG. 3,
a delay circuit 119 1s added to the first embodiment shown
in FI1G. 1. In addition, the rendering engine 115 1s replaced
by a rendering engine 133. The delay circuit 119 outputs an
audio signal, 1.e., the output from a modulator 106 1n
accordance with a rendering delay supplied from the ren-
dering engine 133.

The operation of the system shown i FIG. 3 will be
described next. The operation of decoding the audio signal,
the video signal, and the computer graphics data and writing
these data i an audio memory 105, a video memory 110,
and a CG memory 113, respectively, 1s the same as that of
the system shown in FIG. 1. The rendering engine 133
additionally has a function of outputting a rendering delay
time. The delay circuit 119 has a function of delaying the
audio signal in accordance with the rendering delay time
supplied from the rendering engine 133 and outputting the
audio signal.

FIG. 13 shows the flow of decoding and reproductlon/
display in the system shown 1 FIG. 3. FIG. 13 1s diflerent
from FIG. 11 1n that the audio signal and the synthesized
image of the video signal and the computer graphics data are
synchronously reproduced/displayed although some frame
thinning takes place in display of the synthesized image.

Setting of the delay time of the audio signal 1s realized by
sately estimating the rendering time of the rendering engine
115.
| Fourth Embodiment]

FIG. 4 shows the system configuration of the fourth
embodiment of the present invention. The same reference
numeral as 1n FIG. 2 denote the same elements in FIG. 4, and
a detailed description thereof will be omitted. The difference
from the second embodiment shown 1n FIG. 2 will be mainly
described below.

In the system of the fourth embodiment shown in FIG. 4,
a delay circuit 119 1s added to the second embodiment
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shown 1n FIG. 2. The delay circuit 119 outputs an audio
signal, 1.¢., the output from a modulator 106 on the basis of
a predetermined delay. In addition, 1n the system of the
fourth embodiment, the rendering engine 130 shown 1n FIG.
2 1s replaced by a rendering engine 134.

The operation of the system shown i FIG. 4 will be
described next. The operation of decoding the audio signal,
the video signal, and the computer graphics data and writing,
these data 1n an audio memory 105, a video memory 110,
and a CG memory 113, respectively, and performing ren-
dering by the rendering engine 134 1s the same as that of the
system shown 1n FIG. 2. The delay circuit 119 additionally
has a function of delaying the audio signal by a predeter-
mined time and outputting the audio signal.

FIG. 14 shows the flow of decoding and reproduction/
display 1n the system shown 1n FIG. 4. FIG. 14 1s different
from FIG. 12 1n that the audio signal and the synthesized
image of the video signal and the computer graphics data are
completely synchronously reproduced/displayed.

Setting of the delay time of the audio signal 1s realized by
adaptively measuring the rendering delay time supplied
from the rendering engine 134 or safely estimating the
rendering time of the rendering engine 134.

As 1n the existing VRML, the audio signal and the video
signal are decoded from one multiplexed bit stream.
However, the computer graphics data 1s acquired via a route
different from that of the audio signal and the video signal.
With this processing, synchronous reproduction can be
performed in the fourth embodiment, as in the first embodi-
ment.
| Fifth Embodiment]

FIG. 5 shows the system configuration of the fifth
embodiment of the present invention. The same reference
numeral as in FIG. 1 denote the same elements 1n FI1G. 5, and
a detailed description thereof will be omitted. The diflerence
from the first embodiment will be mainly described below.

In the system of the fifth embodiment shown 1n FIG. 5, the
demultiplexer 101 1n the first embodiment shown in FIG. 1
1s replaced by a demultiplexer 132.

In the system shown i FIG. 5, the demultiplexer 132
separates compressed audio and video signal streams cor-
responding to the existing MPEG 1nto a compressed audio
signal stream, a time stamp, the SCR or PCR of the audio
signal, a compressed video signal stream, a time stamp, and
the SCR or PCR of the video. Computer graphics data 1s
tetched by a CG builer 111 via a route different from that of
the compressed streams.

The fifth embodiment 1s advantageous 1n that the existing
MPEG system and VRML system are fused without being
changed, and synchronous reproduction i1s realized, unlike
the first embodiment. The remaining operations are the same
as those of the first embodiment, and a detailed description
thereol will be omuitted.
| Sixth Embodiment]

FIG. 6 shows the system configuration of the sixth
embodiment of the present invention. The same reference
numeral as 1n FIG. 2 denote the same elements 1 FIG. 6, and
a detailed description thereot will be omitted. The difference
from the second embodiment shown 1n FIG. 2 will be mainly
described below.

In the system of the sixth embodiment shown 1n FIG. 6,
the demultiplexer 101 1n the second embodiment shown in
FIG. 2 1s replaced by a demultiplexer 132.

The demultiplexer 132 separates compressed audio and
video signal streams corresponding to the existing MPEG
into a compressed audio signal stream, a time stamp, the
SCR or PCR of the audio signal, a compressed video signal
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stream, a time stamp, and the SCR or PCR of the video.
Computer graphics data 1s fetched by a CG bufler 111 via a
route different from that of the compressed streams.

The sixth embodiment 1s advantageous 1n that the existing,
MPEG system and VRML system are fused without being
changed, and synchronous reproductlon 1s realized, unlike
the second embodiment. The remaining operations are the
same as those of the second embodiment, and a detailed
description thereol will be omitted.
| Seventh Embodiment ]

FIG. 7 shows the system configuration of the seventh
embodiment of the present invention. The same reference
numeral as 1n FIG. 3 denote that same elements 1n FIG. 7,
and a detailed description therecol will be omitted. The
difference from the third embodiment shown 1 FIG. 3 will
be mainly described below.

In the system of the seventh embodiment shown 1n FIG.
7, the demultiplexer 101 1n the third embodiment 1s replaced
by a demultiplexer 132.

The demultiplexer 132 separates compressed audio and
video signal streams corresponding to the existing MPEG
into a compressed audio signal stream, a time stamp, the
SCR or PCR of the audio signal, a compressed video signal
stream, a time stamp, and the SCR or PCR of the video.
Computer graphics data 1s fetched by a CG bufler 111 via a
route different from that of the compressed streams.

The seventh embodiment 1s advantageous in that the
existing MPEG system and VRML system are tused without
being changed, and synchronous reproduction 1s realized,
unlike the third embodiment. The remaining operations and
advantages are the same as those of the third embodiment,
and a detailed description thereof will be omitted.
| Fighth Embodiment]

FIG. 8 shows the system configuration of the eighth
embodiment of the present invention. The same reference
numeral as 1n FIG. 4 denote the same elements 1n FIG. 8, and
a detailed description thereof will be omitted. The difference
from the fourth embodiment shown 1n FIG. 4 will be mainly
described below.

In the system of the eighth embodiment shown 1n FIG. 8,
the demultiplexer 101 1n the fourth embodiment 1s replaced
by a demultiplexer 132.

The demultiplexer 132 separates compressed audio and
video signal streams corresponding to the existing MPEG
into a compressed audio signal stream, a time stamp, the
SCR or PCR of the audio signal, a compressed video signal
stream, a time stamp, and the SCR or PCR of the video.
Computer graphics data 1s fetched by a CG bufler 111 via a
route different from that of the compressed streams.

The eighth embodiment 1s advantageous 1n that the exist-
ing MPEG system and VRML system are fused without
being changed, and synchronous reproduction 1s realized,
unlike the fourth embodiment. The remaining operations
and advantages are the same as those of the fourth
embodiment, and a detailed description therecof will be
omitted.

As has been described above, according to the present
invention, the following efiects are obtained.

(1) The first effect of the present invention 1s that syn-
chronous reproduction/synthesis of audio/video/computer
graphics data 1s enabled from a compressed stream 1n which
an audio signal, a video signal, and computer graphics data
are multiplexed.

The reason for this 1s that, 1n the present invention,
reference time information supplied from the coding system
1s also used as a time reference for the decoding system.

(2) The second eflect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
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reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream i1n which an audio
signal, a video signal, and computer graphics data are
multiplexed.

The reason for this 1s that, 1n the present invention, a video
frame to be displayed at the current time 1s deformed using
video signal deformation information obtained from an
immediately preceding rendering result, and overwritten on
the synthesized 1image.

(3) The third eflect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream in which an audio
signal, a video signal, and computer graphics data are
multiplexed.

The reason for this 1s that, in the present invention, the
output of the audio signal 1s delayed 1n consideration of the
rendering delay time to be expected.

(4) The fourth effect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream 1n which an audio
signal, a video signal, and computer graphics data are
multiplexed.

The reason for this 1s that, 1n the present invention, a video
frame to be displayed at the current time 1s deformed using
video signal deformation information obtained from an
immediately preceding rendering result, and overwritten on
the synthesized 1mage, and at the same time, the output of
the audio signal 1s delayed 1n consideration of the rendering
delay time to be expected.

(5) The fifth effect of the present invention 1s that syn-
chronous reproduction/synthesis of audio/video/computer
graphics data 1s enabled from a compressed stream 1n which
an audio signal and a video signal are multiplexed and
computer graphics data acquired via a different route.

The reason for this 1s that, in the present invention,
reference time information supplied from the coding system
1s also used as a time reference for the decoding system.

(6) The sixth eflect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream i1n which an audio
signal and a video signal are multiplexed and computer
graphics data acquired via a different route.

The reason for this 1s that a video frame to be displayed
at the current time 1s deformed using video signal deforma-
tion information obtained from an immediately preceding
rendering result, and overwritten on the synthesized image.

(7) The seventh eflect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream 1n which an audio
signal and a video signal are multiplexed and computer
graphics data acquired via a diflerent route.

The reason for this 1s that, in the present invention, the
output of the audio signal 1s delayed 1n consideration of the
rendering delay time to be expected.

(8) The e1ghth effect of the present invention 1s that even
when a rendering delay 1s generated, synchronous
reproduction/synthesis of audio/video/computer graphics
data 1s enabled from a compressed stream 1n which an audio
signal and a video signal are multiplexed and computer
graphics data acquired via a diflerent route.

The reason for this 1s that, 1n the present invention, a video
frame to be displayed at the current time 1s deformed using
video signal deformation information obtained from an
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immediately preceding rendering result, and overwritten on
the synthesized image, and at the same time, the output of
the audio signal 1s delayed 1n consideration of the rendering
delay time to be expected.

What 1s claimed 1s:

1. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:

separation means for separating a bit stream 1n which an
audio signal, a video signal, and computer graphics
data are compressed and multiplexed, into a com-
pressed audio signal stream, an audio signal time
reference value, a compressed video signal, a video
signal time reference value, and a compressed com-
puter graphics data stream:;

first clock generation means for generating a first decod-
ing clock on the basis of the audio signal time reference
value from said separation means;

first decoding means for decoding the audio signal from
the compressed audio signal stream from said separa-
tion means and the first decoding clock from said first
clock generation means;

first storage means for storing the decoded audio signal
from said first decoding means;

modulation means for modulating the audio signal from

said first storage means in accordance with sound
source control information;

second clock generation means for generating a second
decoding clock on the basis of the video signal time
reference value from said separation means;

second decoding means for decoding the video signal
from the compressed video signal stream from said
separation means and the second decoding clock from
said second clock generation means;

second storage means for storing the decoded video signal
from said second decoding means;

third decoding means for decoding the computer graphics
data and event time management information from the
compressed computer graphics data stream from said
separation means;

third storage means for storing the decoded computer
graphics data from said third decoding means;

event generation means for generating an event driving
instruction on the basis of the second decoding clock
from said second clock generation means and the event
time management information from said third decoding
means;

detection means for detecting viewpoint movement of an
observer using a pointing device; and

rendering means for receiving the video signal stored 1n
said second storage means, the computer graphics data
stored 1n said third storage means, the event driving
istruction from said event generation means, and
viewpoint movement data from said detection means,
and outputting a synthesized image of the video signal
and the computer graphics data and the sound source
control information used by said modulation means.

2. An apparatus according to claim 1, further comprising:

first bufler means for bufllering the compressed audio
signal stream from said separation means and output-
ting the compressed audio signal stream to said first
decoding means;

second builer means for bullering the compressed video
audio stream from said separation means and output-
ting the compressed video signal stream to said second
decoding means; and
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third buller means for butlering the compressed computer
graphics data stream from said separation means and
outputting the compressed computer graphics data
stream to said third decoding means.

3. An apparatus according to claim 1, further comprising
fourth storage means for storing the synthesized image of
the video signal and the computer graphics data from said
rendering means.

4. An apparatus according to claim 3, further comprising
video deformation means for deforming the video signal
from said second storage means on the basis of two-
dimensional projection information of an object, and
wherein

said rendering means outputs the two-dimensional pro-
jection information of said object on which the video
signal 1s mapped to said video deformation means,
and

said fourth storage means overwrites the deformed
video signal from said video deformation means on
the synthesized image of the video signal and the
computer graphics data from said rendering means
and stores the synthesized 1mage.

5. An apparatus according to claim 1, further comprising
delay means for delaying the modulated audio signal from
said modulation means.

6. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:

separation means for separating a bit stream in which an
audio signal and a video signal are compressed and
multiplexed, mnto a compressed audio signal stream, an
audio signal time reference value, a compressed video
signal stream, and a video signal time reference value;

first clock generation means for generating a first decod-
ing clock on the basis of the audio signal time reference
value from said separation means;

first decoding means for decoding the audio signal from
the compressed audio signal stream from said separa-
tion means and the first decoding clock from said first
clock generation means;

first storage means for storing the decoded audio signal
from said first decoding means;

modulation means for modulating the audio signal from
said first storage means in accordance with sound
source control information;

second clock generation means for generating a second
decoding clock on the basis of the video signal time
reference value from said separation means;

second decoding means for decoding the video signal
from the compressed video signal stream from said
separation means and the second decoding clock from
said second clock generation means;

second storage means for storing the decoded video signal
from said second decoding means;

third decoding means for decoding computer graphics
data and event time management information from a
compressed computer graphics data stream which 1s not
multiplexed with the compressed audio arid video
signal streams;

third storage means for storing the decoded computer
graphics data from said third decoding means;

event generation means for generating an event driving
instruction on the basis of the second decoding clock
from said second clock generation means and the event
time management information from said third decoding
means;
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detection means for detecting viewpoint movement of an
observer using a pointing device; and

rendering means for receiving the video signal stored 1n
said second storage means, the computer graphics data
stored 1n said third storage means, the event driving
instruction from said event generation means, and
viewpoint movement data from said detection means,
and outputting a synthesized image of the video signal
and the computer graphics data and the sound source
control information used by said modulation means.

7. An apparatus according to claim 6, further comprising:

first bufler means for bufllering the compressed audio
signal stream from said separation means and output-
ting the compressed audio signal stream to said first
decoding means;

second buller means for bullering the compressed video
signal stream from said separation means and output-
ting the compressed video signal stream to said second
decoding means; and

third bufler means for builering the compressed computer
graphics data stream which 1s not multiplexed with the
compressed audio and video signal streams.

8. An apparatus according to claim 6, further comprising,
fourth storage means for storing the synthesized image of
the video signal and the computer graphics data from said
rendering means.

9. An apparatus according to claim 8, further comprising

video deformation means for deforming the video signal

from said second storage means on the basis of two-

dimensional projection information of an object, and

wherein

said rendering means outputs the two-dimensional pro-
jection information of said object on which the video
signal 1s mapped to said video deformation means,
and

said fourth storage means overwrites the deformed
video signal from said video deformation means on
the synthesized image of the video signal and the
computer graphics data from said rendering means
and stores the synthesized image.

10. An apparatus according to claim 6, further comprising
delay means for delaying the modulated audio signal from
said modulation means.

11. An audio/video/computer graphics data synchronous
reproducing/synthesizing method, comprising the steps of:

separating a bit stream 1n which an audio signal, a video
signal, and computer graphics data are compressed and
multiplexed, into compressed audio and video signal
streams, audio and video signal identification reference
values, and a compressed computer graphics data
stream;,

generating a signal clock from the audio and wvideo
identification reference values;

decoding the audio and video signals from the com-
pressed audio and video signal streams; respectively,
using the generated signal clock,

decoding event time reference information from the com-
pressed computer graphics data stream, and

generating an event driving instruction from the generated
signal clock and the decoded event time reference
information to synchronize a synthesized image of the
video signal and the computer graphics data with the
audio signal.
12. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:
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an audio decoder decoding a compressed audio signal
stream on the basis of first timing information to

produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of second timing information to
produce a video signal;

a computer graphics decoder decoding a compressed
computer graphics data stream to produce computer
graphics and event time management information;

an event generator genervating an event driving instruc-
tion on the basis of said second timing information and
said event time management information; and

a vendering engine receiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

13. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising:

a clock generator generating a first decoding clock and a

second decoding clock on the basis of a signal time
reference value;

an audio decoder decoding the compressed audio signal
stream on the basis of said first decoding clock to
produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of said second decoding clock to

produce a video signal;

a computer graphics decoder decoding the compressed
computer graphics data stream to produce computer
graphics data and event time management information,

an event generator genervating an event driving instruc-
tion on the basis of said second decoding clock and said
event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event drviving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

14. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising.

a demultiplexer rveceiving a compressed audio signal
stream, a compressed video signal stream, a signal time
reference value, and a compressed computer graphics
data stream;

a clock generator generating a first decoding clock and a
second decoding clock on the basis of the signal time

reference value;

an audio decoder decoding the compressed audio signal
stream on the basis of the first decoding clock to
produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of the second decoding clock to
produce a video signal;

a computer graphics decoder decoding the compressed
comptuter graphics data stream to produce computer
graphics data and event time management information,

an event generator genervating an event driving instruc-
tion on the basis of the second decoding clock and the
event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event drviving
instruction, to output a synthesized image of the video
signal and the computer graphics data.
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15. An apparatus according to claim 14, further compris-
Ing:
a modulator modulating the decoded audio signal in
accordance with sound source control information,

wherein said rendering engine outputs the sound source
control information used by said modulator.
16. An apparatus accovding to claim 14, further compris-
Ing:
a viewpoint movement detector detecting viewpoint move-
ment of an observer indicated by a pointing device;

wherein said rendering engine receives viewpoint move-
ment data from said viewpoint movement detector.
17. An apparatus accovding to claim 14, further compris-
Ing.
a video/computer graphics (CG) memory storing the
synthesized image of the decoded video signal and the
decoded computer graphics data; and

a video deformation circuit deforming the video signal in
said video/CG memory on the basis of two-dimensional
projection information of an object,

wherein said rendering engine outputs the two-
dimensional projection information of said object on
which the video signal is mapped to said video defor-
mation circuit, and

wherein said video/CG memory overwrites the deformed
video signal fro said video deformation circuit on the
synthesized image of the video signal and the computer
graphics data from said rvendering engine and stores
the synthesized image.
18. A method of synchronously veproducing/synthesizing
audio, video a computer graphics data comprising.

decoding a compressed audio signal stream on the basis
of a first timing information to produce an audio signal;

decoding a compressed video signal stream on the basis
of a second timing information to produce a video
signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-
agement information; and

generating an event driving instruction on the basis of
said second timing information and said event time
management information to synchronize the video sig-
nal with the computer graphics data.
19. A method of synchronously veproducing/synthesizing
audio, video a computer graphics data comprising:

generating a first decoding clock and a second decoding
clock on the basis of a signal time rveference value;

decoding a compressed audio signal stream on the basis
of said first decoding clock to produce an audio signal;

decoding a compressed video signal stream on the basis
of said second decoding clock to produce a video
signal;

decoding a compressed computer graphics data stream to
produce

generating an event driving instruction on the basis of
said second decoding clock and said event time man-
agement information to synchronize the video signal
with the computer graphics data.
20. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising:

receiving a compressed audio signal stream, a com-
pressed video signal stream, a signal time rveference
value, and a compressed computer graphics data
stream;
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generating a first decoding clock and a second decoding
clock on the basis of the signal time reference value;

decoding the compressed audio signal stream on the basis
of the first decoding clock to produce an audio signal;

decoding the compressed video signal stream on the basis
of the second decoding clock to produce a video signal;

decoding the compressed computer graphics data stream
to produce computer graphics data and event time
management information; and

generating an event driving instruction on the basis of the
second decoding clock and the event time management
information to synchronize the video signal with the
computer graphics data.
21. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:
an audio decoder decoding a compressed audio signal

stream on the basis of an audio timestamp and a first
decoding clock to produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of a video timestamp and a second
decoding clock to produce a video signal;

a computer graphics decoder decoding a compressed
comptuter graphics data stream to produce computer
graphics data and event time management information,

an event generator genervating an event driving instruc-
tion on the basis of said second decoding clock and said
event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event drviving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

22. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising.

a clock generator generating a first decoding clock on the
basis of an audio clock reference, and generating a
second decoding clock on the basis of a video clock
reference;

an audio decoder decoding a compressed audio signal
stream on the basis of an audio timestamp and said first
decoding clock to produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of a video timestamp and said
second decoding clock to produce a video signal;

a computer graphics decoder decoding a compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event generator genervating an event driving instruc-
tion on the basis of said second decoding clock and said
event time management information; and

a vendering engine receiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

23. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising:

a demultiplexer rveceiving a compressed audio signal
stream, a compressed video signal stream, an audio
clock reference, a video clock reference, an audio

timestamp, a video timestamp and a compressed com-
puter graphics data stream,

a clock generator generating a first decoding clock on the
basis of said audio clock reference, and generating a
second decoding clock on the basis of the video clock
reference;

10

15

20

25

30

35

40

45

50

55

60

65

20

an audio decoder decoding the compressed audio signal
stream on the basis of the audio timestamp and the first
decoding clock to produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of the video timestamp and the
second decoding clock to produce a video signal;

a computer graphics decoder decoding the compressed
computer graphics data stream to produce computer

graphics data and event time management information;

an event generator generating an event dviving instruc-
tion on the basis of the second decoding clock and the
event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

24. An apparatus accovding to claim 23, further compris-

Ing:

a modulator modulating the decoded audio signal in

accordance with sound source control information,

wherein said rendering engine outputs the sound source
control information used by said modulator.
25. An apparatus according to claim 23, further compris-
Ing:
a viewpoint movement detector detecting viewpoint move-
ment of an observer indicated by a pointing device;

wherein said vendering engine receives viewpoint move-
ment data from said viewpoint movement detector.
206. An apparatus according to claim 23, further compris-
Ing:
a video/computer graphics (CG) memory storing the

synthesized image of the decoded video signal and the
decoded computer graphics data; and

a video deformation circuit deforming the video signal in
said video/CG memory on the basis of two-dimensional
projection information of an object,

wherein said rendering engine outputs the two-
dimensional projection information of said object on

which the video signal is mapped to said video defor-
mation circuit, and

wherein said video/CG memory overwrites the deformed
video signal from said video deformation circuit on the
synthesized image of the video signal and the computer
graphics data from said rvendering engine and stores
the synthesized image.
27. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising:

decoding a compressed audio signal stream on the basis
of an audio timestamp and a first decoding clock to
produce an audio signal;

decoding a compressed video signal stream on the basis
of a video timestamp and a second decoding clock to
produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-
agement information; and

generating an event driving instruction on the basis of
said second decoding clock and said event time man-
agement information to synchronize the video signal
with the computer graphics data.
28. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising:

generating a first decoding clock on the basis of an audio
clock reference, and gemerating a second decoding
clock on the basis of a video clock reference;
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decoding a compressed audio signal stream on the basis
of an audio timestamp and said first decoding clock to
produce an audio signal;

decoding a compressed video signal stream on the basis
of a video timestamp and said second decoding clock to
produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-

agement information; and

generating an event driving instruction on the basis of
said second decoding clock and said event time man-
agement information to synchronize the video signal
with the computer graphics data.
29. A method of synchronously rveproducing/synthesizing
audio, video and computer graphics data comprising:

receiving a compressed audio video stream, a compressed
video signal stream, an audio clock reference, a video
clock reference, an audio timestamp, a video timestamp
and a compressed computer graphics data stream,

generating a first decoding clock on the basis of the audio
clock rveference, and for generating a second decoding
clock on the basis of the video clock reference;

decoding the compressed audio signal stream on the basis
of the audio timestamp and the first decoding clock to

produce an audio signal;

decoding the compressed video signal stream on the basis
of the video timestamp and the second decoding clock
to produce a video signal;

decoding the compressed computer graphics data stream
to produce computer graphics data and event time
management information; and

generating an event driving instruction on the basis of the
second decoding clock and the event time management
information to synchronize the video signal with the
computer graphics data.

30. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising:

a demultiplexer receiving a compressed audio signal
stream, a compressed video signal stream, a signal time
reference value, and a compressed computer graphics
data stream;

an audio decoder decoding the compressed audio signal
stream on the basis of the signal time reference value to
produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of the signal time reference value to
produce a video signal;

computer graphics decoder decoding the compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event genervator generating, in synchvonism with said
video decoder, an event driving instruction on the basis
of the event time management information; and

rendering engine receiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

31. An audio/video/computer graphics data synchronous
reproducing/synthesizing system accovding to claim 30,
wherein said video decoder and said event generator use the
same decoding clock.

32. An audio/video/computer graphics data synchrvonous
reproducing/synthesizing system comprising:

a demultiplexer rveceiving a compressed audio signal

stream, a compressed video signal stream, audio clock

10

15

20

25

30

35

40

45

50

55

60

65

22

reference, video clock reference, an audio timestamp, a
video timestamp and a compressed computer graphics
data stream;

an audio decoder decoding the compressed audio signal
stream on the basis of the audio timestamp and the
audio clock reference to produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of the video timestamp and the
video clock reference to produce a video signal,;

a computer graphics decoder decoding the compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event generator generating, in synchronism with said
video decoder, an event driving instruction on the basis
of the event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

33. An audio/video/computer graphics data synchronous
reproducing/synthesizing system according to claim 32,
wherein said video decoder and said event generator use the
same decoding clock.

34. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:

a demultiplexer rveceiving a compressed audio signal
stream, a compressed video signal stream, audio clock
reference, video clock veference, an audio timestamp, a
video timestamp and a compressed computer graphics
data stream;

a clock generator generating a first decoding clock on the
basis of said audio clock veference, and genervating a
second decoding clock on the basis of the video clock
reference;

an audio decoder decoding the compressed audio signal
stream on the basis of the audio timestamp and the first
decoding clock to produce an audio signal;

a video decoder decoding the compressed video signal
stream on the basis of the video timestamp and the
second decoding clock to produce a video signal;

a computer graphics decoder decoding the compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event genervatorv generating, in synchronism with said
video decoder, an event driving instruction on the basis
of the event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event drviving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

35. An audio/video/computer graphics data synchronous
reproducing/synthesizing system accovding to claim 34,
wherein said video decoder and said event generator use the
same decoding clock.

36. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising:

receiving a compressed audio signal stream, a com-
pressed video signal stream, a signal time rveference
value, and a compressed computer graphics data
stream;

decoding the compressed audio signal stream on the basis
of the signal time rveference value to produce an audio
signal;

decoding the compressed video signal stream on the basis
of the signal time rveference value to produce a video
signal;
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decoding the compressed computer graphics data stream
to produce computer graphics data and event time
management information,; and

generating an event driving instruction on the basis of the
event time management information to synchronize the
video signal with the computer graphics data.

37. A method according to claim 36, wherein decoding the
compressed video signal stream and generating an event
driving instruction use the same decoding clock.

38. A method of synchronously veproducing/synthesizing
audio, video and computer graphics data comprising:

receiving a compressed audio video stream, a compressed
video signal stream, an audio clock reference, a video
clock reference, an audio timestamp, a video timestamp
and a compressed computer graphics data stream,

decoding the compressed audio signal stream on the basis
of the audio timestamp and the audio clock rveference to
produce an audio signal;

decoding the compressed video signal stream on the basis
of the video timestamp and the video clock veference to
produce the video signal;

decoding the compressed computer graphics data stream
to produce computer graphics data and event time
management information; and

generating an event driving instruction on the basis of the
event time management information to synchronize the
video signal with the computer graphics data.

39. A method accovding to claim 38, wherein decoding the
compressed video signal stream and generating an event
driving instruction use the same decoding clock.

40. A method of synchronously rveproducing/synthesizing
audio, video and computer graphics data comprising:

receiving a compressed audio signal stream, a com-
pressed video signal stream, an audio clock reference,
a video clock reference, an audio timestamp, a video
timestamp and a compressed computer graphics data
Stream;

generating a first decoding clock on the basis of the audio
clock rveference, and gemerating a second decoding
clock on the basis of the video clock reference;

decoding the compressed audio signal stream on the basis
of the audio timestamp and the first decoding clock to
produce an audio signal;

decoding the compressed video signal stream on the basis
of the video timestamp and the second decoding clock
to produce a video signal;

decoding the compressed computer graphics data stream
to produce computer graphics data and event time
management information,; and

generating an event dviving instruction on the basis of the
event time management information to synchronize the
video signal with the computer graphics data.

41. A method accovding to claim 40, wherein decoding the
compressed video signal stream and generating an event
driving instruction use the same decoding clock.

42. An audio/video/computer graphics data synchrvonous
reproducing/synthesizing system comprising:

a demultiplexer receiving a compressed audio signal

stream, a compressed video signal stream, and a com-
pressed computer graphics data stream;

an audio decoder decoding the compressed audio signal
stream to produce an audio signal;

a video decoder decoding the compressed video signal
stream to produce a video signal;
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a computer graphics decoder decoding the compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event generator generating, in synchronism with said
video decoder, an event driving instruction on the basis
of the event time management information; and

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data.

43. An audio/video/computer graphics data synchronous
reproducing/synthesizing system accovding to claim 42,
wherein said video decoder and said event generator use the
same decoding clock.

44. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data, comprising:

receiving a compressed audio signal stream, a com-
pressed video signal stream, and a compressed com-
puter graphics data stream,

decoding the compressed audio signal stream to produce
an audio signal;

decoding the compressed video signal to produce a video
signal;
decoding the compressed computer graphics data stream

to produce computer graphics data and event time
management information; and

generating an event driving instruction on the basis of the
event time management information to synchronize the
video signal with the computer graphics data.

45. A method according to claim 44, wherein decoding the
compressed video signal stream and generating an event
driving instruction use the same decoding clock.

46. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising:

an audio decoder decoding a compressed audio signal

stream on the basis of first timing information to
produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of second timing information to
produce a video signal;

a computer graphics decoder decoding a compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event generator generating, in synchronism with the
video decoder, an event driving instruction on the basis
of said event time management information;

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event drviving
instruction, to output a synthesized image of the video
signal and the computer graphics data; and

a video deformation circuit for deforming the decoded
video signal in accordance with two-dimensional pro-
Jection information provided by the rendering engine.

47. An audio/video/computer graphics data synchronous

reproducing/synthesizing system comprising:

an audio decoder decoding a compressed audio signal
stream on the basis of first timing information to
produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of second timing information to
produce a video signal;

a computer graphics decoder decoding a compressed
computer graphics data stream to produce computer
graphics data and event time management information;
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an event generator generating an event driving instruc-
tion on the basis of said second timing information and
said event time management information;

a rendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event driving 5
instruction, to output a synthesized image of the video
signal and the computer graphics data; and

a video deformation circuit for deforming the decoded
video signal in accordance with two-dimensional pro-
Jection information provided by the rendering engine. |,

48. A method of synchronously veproducing/synthesizing

audio, video and computer graphics data, comprising:

decoding a compressed audio signal stream on the basis
of first timing information to produce an audio signal;

decoding a compressed video signal stream on the basis | .
of second timing information to produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-
agement information;

generating an event driving instruction on the basis of .,
said event time management information to synchvo-
nize the video signal with the computer graphics data;

deforming the decoded video signal in accordance with
two-dimensional projection information; and

outputting a synthesized image of the video signal and the s
computer graphics data, wherein the synthesized image
includes a deformed video image.

49. A method of synchronously veproducing/synthesizing

audio, video and computer graphics data, comprising:

decoding a compressed audio signal stream on the basis 30
of first timing information to produce an audio signal;

decoding a compressed video signal stream on the basis
of second timing information to produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man- 35
agement information;

generating an event driving instruction on the basis of
said second timing information and said event time
management information to synchrvonize the video sig-
nal with the computer graphics data; 40

deforming the decoded video signal in accovdance with
two-dimensional projection information; and

outputting a synthesized image of the video signal and the
computer graphics data, wherein the synthesized image
includes a deformed video image.
50. An audio/video/computer graphics data synchrvonous
reproducing/synthesizing system comprising:

45

an audio decoder decoding a compressed audio signal
stream on the basis of first timing information to

: : 50
produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of second timing information to
produce a video signal;

a computer graphics decoder decoding a compressed ..
computer graphics data stream to produce computer
graphics data and event time management information,

an event genervator genervating, in synchvonism with said
video decoder, an event drviving instruction on the basis
of said event time management information, 60

a rendering engine veceived the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data; and

an audio delay circuit for delaving the output of said 65
audio signal in accordance with a rendering delay
signal provided by the rendering engine.
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51. An audio/video/computer graphics data synchronous
reproducing/synthesizing system comprising.
an audio decoder decoding a compressed audio signal

stream on the basis of first timing information to
produce an audio signal;

a video decoder decoding a compressed video signal
stream on the basis of second timing information to
produce a video signal;

a computer graphics decoder decoding a compressed
computer graphics data stream to produce computer
graphics data and event time management information;

an event generator generating an event dviving instruc-
tion on the basis of said second timing information and
said event time management information;

a vendering engine veceiving the decoded video signal, the
decoded computer graphics data and the event driving
instruction, to output a synthesized image of the video
signal and the computer graphics data; and

an audio delay circuit for delayving the output of said
audio signal in accordance with a rendering delay
signal provided by the rendering engine.
52. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising.

decoding a compressed audio signal stream on the basis
of first timing information to produce an audio signal;

decoding a compressed video signal stream on the basis
of second timing information to produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-
agement information;

generating an event driving instruction on the basis of
said event time management information to synchvo-
nize the video signal with the computer graphics data;

generating an audio delay signal in accordance with a
rendering delay of a rendering engine;

outputting a synthesized image of the video signal and the
computer graphics data; and

outputting a delayed audio signal in accordance with the
audio delay signal such that the delayved audio signal is
synchronized with the synthesized image of the video
signal and the computer graphics data.
53. A method of synchronously reproducing/synthesizing
audio, video and computer graphics data comprising:

decoding a compressed audio signal stream on the basis
of first timing information to produce an audio signal;

decoding a compressed video signal stream on the basis
of second timing information to produce a video signal;

decoding a compressed computer graphics data stream to
produce computer graphics data and event time man-
agement information;

generating an event driving instruction on the basis of
said second timing information and said event time
management information to synchronize the video sig-
nal with the computer graphics data;

generating an audio delay signal in accovdance with a
rendering delay of a rendering engine;

outputting a synthesized image of the video signal and the
computer graphics data; and

outputting a delayved audio signal in accordance with the
audio delay signal such that the delayved audio signal is
synchronized with the synthesized image of the video
signal and the computer graphics data.
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