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" DATA'STORAGE MEDIUM IN WHICH MULTIPLE BITSTREAMS ARE
RECORDED, APPARATUS AND METHOD FOR RECORDING THE MULTIPLE
BITSTREAMS, AND APPARATUS AND METHOD FOR REPRODUCING

THE MULTIPLE BITSTREAMS

BACKGROUND OF THE INVENTION

1. . Field of the Invention

‘The present invention relates to the field of recofding and reproducing multiple
bitstreams, and more particularly, to a data storage medium in which multiple
bitstreams are recorded for multimedia data services, an apparatus and method for-
recording the multlple bltstreams and an apparatus and method for reproducing the
multiple bitstreams.

2. Description of the Related Art

In conventional multi-media data storage media, different klnds of data such
as video data, audio data, and/or extra data including text data are recorded in a
multiplexed single bitstream. Recording apparatuses for recording multimedia data
record various kinds of data that constitute multimedia data in a single bitstream by
multiplexing. Accordingly, apparatuses for reproducing multimedia data have only a
function of reading and reproducing & single bitstream.

Therefore, when there is a need to replace a part of a bitstream recorded by
multiplexing, first the multiplexed bitstream is read. Then, the part of the bitstream
is replaced with new data, and the entire bitstream is recofded again. For example,
when a user intends to replace an English caption recorded in a multimedia movie
with a Japanese one, the bitstream of the movie is read and recorded agam after
replacing English caption data included in the bitstream with Japanese caption data.
Furthermore, when the user wishes to restore the Japanese caption to the English
caption, the English caption data, which was reserved for backup previously, is
restored in the same process as for the Japanese.caption. replacement

In addition, when there is a need to insert a caption into a recorded movie, the
bitstream of the movie is read, multiplexed together with caption data to insert the
caption, and recorded again. These processes are relatively burdensome.

SUMMARY OF THE INVENTION
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~ To solve the above-described-problems, itis a first object of the present
invention to provide a data storage medii.lm in which various kinds of data
constituting muitimedia contents are recorded in discrete bitstreams for easy editing
and replacement with other data, and an apparatus and method for recording data in
multiple bitstreams in a data storage medium.

It is a second object of the present invention to provide an apparatus and
method for reproducing data by simultaneously reading multiple bitstreams.

To achieve the first object of the present invention, there is provide a data
sforage medium comprising: main data including audio data and/or video data; sub
data recorded in a separate biistream from the main data and reproduced in
synchronization with the main data; and navigation information defining a relation

" required for the main data and the sub data to be output in synchronization with each

other.
It is preferable that the data storage medium further comprises extra data

recorded in a separate bitstream from the main data and the sub data and
reproduced in association with the main data. In this case, the navigation
information may further define a relation required for the main data and the extra
data to be output in connection with each other.
" It is preferable that the main data, the sub data and/or the extra data are input

through a digital interface and recorded. |

To achieve the first object of the present invention, there is also provided a
recording method comprising: (a) recording main data including audio data and/or
video data; (b) recording sub data to be reproduced in synchronization with the main
data in a separate bitstream from the main data; and (c) recording navigation '
information defining a relation required for the main data and the sub data to be
reproduced in synchronization with each other.

Preferably, the recording méthod further comprises: (d) recording extra data
to be reproduced in connection with fthe main data in a separate bitstream from the

- ‘main data and the sub data; and (e); recordmg navigation. information defining a. -

relation required for the main data and the extra data to be output in connection with

each other. . _
It is preferable that step (a) comprises: (a1) receiving the main data through a
digital interface; and (a2) recording the received main data.

2/
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It is preferable that step (b).comprises: (b1) receiving the sub data through the
digital interface; and (b2) recording the received sub data. '

It is preferable that step (c) comprises: (c1) receiving the extra data through
the digital interface; and (c2) recording the received extra data.

- To achieve the second object of the present invention, there is provided a
reproducing method comprising:(a) reading main data including audio data and/or
video data; (b) reading sub data recorded in a separate'bitstream from the main data,
which is later reproduced in synchronization with the main data; and (c) multiplexing
the read main data and the read sub data.

It is preferable that the reproducing method further comprises (d1) outputting
the multiplexed main data and sub data through a digital interface, or (d2) decoding
the multiplexed main data and sub data. -

In the reproducing method, it is preferable that step (¢) comprises: (c1)
reading navigation information defining a relation required for the read main data and
sub data to be reproduced in synchronization with each other; and (¢2) multiplexing
the read main data and the read sub data based upon the navigation information.

Alternatively, another reproducing method according to the present invention
comprises: (a) reading main data including audio data and/or video data; (b) reading
sub data recorded in a separate bitstream from the main data, which is later
reproduced in synchronization with the main data; (c) reading extra data recorded in
a separate bitstream from the main data and the sub data, which is later reproduced
in connection with the main data; and (d) multiplexing the read main data, the read
sub data, and the read extra data.

In this embodiment, the reproducing method preferably further comprises (e1)
outputting the rhultiplexed main data, sub data, and extra data through a digital
interface, or (e2) decoding the multiplexed main data, sub data, and extra data.

In the reproducing method above, it is preferable that step (d) comprises: (d1)
reading navigation information defining a relation required for the read main data and

" sub data to be reproduced in synchronization with each other and for the read main

data and extra data to be reproduced in connection with each other; and (d2)
multiplexing the read main data, the read sub data, and the read extra data based

‘upon the navigation information.

Another embodiment of the reproducing method according to the present
inventidn comprises: (a) reading sub data recorded in a separate bitstream from

3/
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" ..main-data -inéluding-—audio data and/or.video data, which is later r_eproduce_& ¢ P

synchronizatién with the main data; (b) reading extra data recorded in a separate
bitstream from the main data and the sub data, which is later reproduced in
connection with the main data; and (c) multiplexing the read sub data and the read
extra data.

~ In this embodiment, it is preferable that the reproducmg method further
comprises (d1) outputting the multiplexed sub data and extra data through a dlgltal

_interface, or (d2) decoding the multiplexed sub data and extra data.

In the reproducing method above, it is preferable that step (c) cdmprises: (c1)
reading navigation information defining a relation required for the read sub data and
extra data to be-reproduced in connection with each other; and (c2) multiplexing the
read sub data arid the extra data based upon the navigation information.

The first object of the present invention is also achieved by a recording

~ apparatus comprising: a recording unit for recording main data including audio data

and/or video data, recording sub data to be reproduced in synchronization with the
main data in a separate bitstream from the main data, and recording navigation
information defining a relation required for the main data and the sub data to be
reproduced in synchronization with each other; and a control unit for generating the -
navigation information and providing the generated navigation information to the
recording unit. , . '

It is preferable that the recording unit further records extra data to be
reproduced in connection with the main data in a separate bitstream from the main
data and the sub data, and records navigation information defining a relation
required for the main data and the extra data to be reproduced in connection with
each other. In this case, the control unit preferably generates the navigation
information defining the relation between the main data and the extra data and
provides the generated navigation data to the recording unit.

- Itis preferable that the recording apparatus further comprises a digital

* interfacs for receiving the main data and/or the sub data; and the digital interface -

receives the extra data, and the recording unit records the received extra data and

navigation information on the extra data.
It is preferable that the recording apparatus further comprises an encoder for
receiving and encoding the main data and/or the sub data.

4 :/
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apparatus comprising: a reading unit for reading main data including audio data
and/or video data and reading sub data recorded in a separate bitstream from the
main data, which is later reproduced in synchronization with the main data; and a
multiplexer for multiplexing the main data and sub data read by the reading unit.

_ It is preferable that the reproducing apparatus further comprises a digital
interface for outputting the multiplexed main data and sub data, or a deco'der for
decoding the multiplexed main data and sub data.

In the reproducing apparatus, it is preferable that the reading unit reads
navigation information defining a relation required for the read main data and sub
data to be reproduced in synchronization with each other, and the multiplexer

" multiplexes the read main data and the read sub data based upon the navigation ... -~ - ..~

information. . _ _

To achieve the second object of the present invention, there is also provided a
reproducing apparatus comprising: a reading unit for reading main data including
audio data and/or video data, reading Sub data recorded in a separate bitstream
from the main data, which is later reproduced in synchronization with the main data,
and reading extra data recorded in a separate bitstream from the main data and the
sub data, which is later reproduced in connection with the main data; and a
muitiplexer for multiplexing the main data, sub data, and extra data read by the
reading unit.

It is preferable that the reproducing apparatus above further comprises a
digital interface for outputting the muitiplexed main data, sub data, and extra data, or
a decoder for decoding the multiplexed main data, sub data, and main data.

In the reproducing apparatus above, it is preferable that the reading unit reads
navigation information defining a relation required for the read main data and sub
data to be reproduced in synchronization with each other and required for the read
main data and extra data to be reproduced in connection with each other, and the

multiplexer multiplexes the read main data, the read sub déta, and the read extra

30

data based upon the navigation information.

Another reproducing apparatus according to the present invention comprises:
a reading unit for reading sub data recorded in a separate bitstream from main data
including audio data and/or video data, which is latér reproduced in synchronization
with the main data, and reading extra data recorded ih a separate bitstream from the'
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~-maindata and the sub data, which is later reproduced in;'eqnh.et;tiqm-.gw,ithettie_zs-mainf_;-:..._--...-...;;-.: B

data; and a multiplexer for multiplexing the sub data and extra data read by the
reading unit. ' |

It is preferable that the reproducing apparatus above further comprises a
digital intertace for outputting the multiplexed sub data and extra data, or a decoder
for decoding the multiplexed sub data and extra data. . .. _ |

In the reproducing apparatus above, it is preferable that the reading unit reads
navigation information defining a relation required for the sub data and the extra data
to be reproduced in connection with each other, and the multiplexer multiplexes the
read sub data and the read extra data based upon the navigation information.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention wrll become more
apparent by describing in detail preferred embodlments thereof with reference to the
attached drawings in which:

FIG. 1 shows an example of data recorded on an optical disc according to a
preferred embodiment of the present invention; |

FIG. 2 shows the structure of navigation information showing the relation
between main data, sub data, and extra data of FIG. 1;

FIG. 3 is a block diagram of a recordmg apparatus according to a preferred
embodiment of the present invention;

FIG. 4 is a block diagram of a reproducing apparatus according to a preferred
embodiment of the present invention; '

FIG. § is a block diagram of a recording and reproducing apparatus according
to a preferred embodiment of the présent invention;

FIG. 6 is a flowchart illustrating a preferred embodiment of a recording
method according to the present invention;

FIG. 7 is a flowchart illustrating another preferred en:w_bodiment of the
recording method according to the present inverition;

FIG. 8-is a flowchart illustrating a preferred embodiment of the reproducing

method according to the present invention; .
FIG. 9 is a flowchart illustrating another preferred embodlment of the
reproducing method according to the present invention; and

6/
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FIG. 10 is a flowchart illustrating still-another preferred-embodiment of the.
reproducing method according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An example of data recorded in an optical disc.according to a preferred
embodiment of the present invention is shown in FIG. 1. Referring to FIG. 1, main
data, sub data, and extra data are recorded in the optical disc in separate bitstreams.
Here, the main data have corresponding sub data and extra data. However, not all
the main data have corresponding sub data and/or corresponding extra data.

Main data refer to data that can be independently reproduced. For example,
a movie including both video data and audio data may be a kind of main data. Sub
data refers to additional data to main data, which contains components to bé
reproduced in synchronization with the main data. For example, sub-picture data to
be reproduced as caption data along with video data recorded in a digital versatile
disc may be a kind of sub data. Extra data refers to additional data associated with
main data, including an Internet link with respect to a particular scene of a movie, a
movie script, an actor’s profile, and a bonus clip. Extra data are, but not necessarily,
reproduced in synchronization with main data.

Sub data and/or extra data corresponding to main data can be recorded along
with the main data at the same time or sequentially with a time gap. When the sub
data and/or extra data and main data are recorded at the same time, a recording unit
of an optical pickup alternately records the main data and corresponding sub data

and/or extra data. S

Although sub data and/or extra data are generally reproduced in
synchronization with main data, the sub data and/or extra data may be recorded
separately from corresponding main data. For example, only a sound track
recorded as sub data of a movie, or only a movie script recorded as extra data of the
movie may be output. | | |

FIG. 2 shows the structure of navigation information showing the relation
between the main data, sub data, and extra data of FIG. 1. Navigation information
refers to control information required for easy éearching and controlling multimedia
contents stored in storage media including digital versatile discs (DVDs),

Referring to FIG. 2, main data are associated with at least one sub data
and/or extra data. The main data on the top of the structural diagram of FIG. 2
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- data.

have one sub data and ofié ‘extra data as-additional data, next main data have :only

sub data as additional data, and next main data have only extra data as additional
data. '

In particular, navigation inforination includes idehtifiers for particular
bitstreams and playback time information on additional data corresponding to main

FIG. 3 is a block diagram of a preferred embodiment of a recording apparatus
according to the present invention. The recording apparatus according to the
present invention may be an apparatus used by a manufacturer in the production of
an optical disc such as DVDs, or an apparatus used by general users to record -
desired multimedia contents. |

Referring to FIG. 3, the recording apparatus includes a control unit 31, a
recordi'ng unit 32, a digital interface 34, and an encoder 35. Here, the digital

interface 34 is for receiving external digital signals, for example, for receiving

muitimedia data including main data (and additional data), through a network. The
encoder 35 receives and encodes main data or additional data, and transmits the
coded main data or additional data to the recording unit 32. The recording
apparatus may include only the digital interface 34 or the encoder 35 if necessary.

The recording unit 32 records the main data input from the digital interface 34
or the encoder 35 and additional data including sub data and/or extra data in
separate bitstreams in an optical disc 300.

The control unit 31 generates navigation information defining the relation
between the main data, the sub data and/or extra data and transmits the navigation
information to the recording unit 32. The recordi'ng unit 32 also records the
navigation information in a predetermined area of the optical disc 300. Ina
recording operation, the recording unit 32 radiates a laser beam onto the optical disc
300 through an optical pickup (not shown) based upon the control signal from the

- control unit 32.

In particular, all data are recorded to form a co'ntigu;:oUS data area (CDA) to
ensure normal reading and reproduction by a reproducing apparatus. In other
words, data are recorded to ensure that a decoder can continuously supply data
even when data reading is temporarily interrupted by movement of an optical head of
an optical pickup in the reproducing apparatus. | '
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o FIGYA i$ a'block diagram of a preferred embodiment of a reproducing

apparatus according to the present invention. The reproducing apparatus may be
an apparatus used by general users to reproducie desired multimedia contents.
Referring to FIG. 4, the reproducing apparatus includes a control unit 41, a reading
unit 42, a multiplexer 43, a digital interface 44, and a decoder 46. Here, the digital.

interface 44 is for externally transferring a digital signal, for example, transferring .

multimedia data including main data'(and additional data) through a network. The
decoder 46 decodes main data and/or additional data, which have been encoded

-and written, and read by the reading unit 42, and outputs the decoded main data or

additional data to an output device, such as speakers or monitors (not shown). The
reproducing apparafus may include only the digital interface 44 or the decoder 46 if
necessary.

‘The reading unit 42 reads data recorded in an optical disc 400 by radiating a
laser beam onto the optical disc 400 through an optical pickup based upon the
control signal from the controller 42 and by converting the laser beam reflected from
the optical disc 300 to an electrical signal. The reading unit 42 simultaneously
reads the main data and the additional data including the sub data and/or extra data
and transmits the read data to the multiplexer 43. The read bitstreams may be a
combination of main data, sub data, and extra data, a combination of main data and
sub data, and a combination of main data and extra data, a combination of sub data
and extra data, etc. When at least two bitstreams are simultaneously read, an
optical pickup of the reading unit 42 alternately reads the mu_ltiple bitstreams. The
reading unit 42 has a buffering function so that ft can continuously supply data to the
decoder 46 even when data reading is temporarily interruptéd in a reproducing
operation by movement of an optical head of the optical pick.

The multiplexer 43 multiplexes the main data, the sub data, and/or the extra
data, which have been separately received, based upon the navigation information.
The multiplexer 43.can replace one component of main data with separate sub data

~ andfor extra data. For example, if main data is a video title in which video data,

audio data and/or extra data are multiplexed, the audio data and/or caption data can

‘be replaced with corresponding sub data. A multiplexed bitstream output from the

multiplexer 43 is externally transferred through the digital interface 44 or is decoded
by the decoder 46.
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A LAl 6 is abloek diagram-of a preferred embodiment of a reeording.-:and,;a_u-; R e

reproducing apparatus according to the present invention. The recording and
reproducing apparatus 'rhay be an apparafus used by general users to record or
reproduce desired .multime'd'ia contents.

Referring to FIG. 5, the recording and reproducing apparatus includes a
controller 51, a recording/reading unit 52, a multiplexer 53, a digital interface 54, an
encoder 55, and a decoder 56. Here, the digital interface 54 is for externally
receiving or transferring a digital signal, for example, receiving or transferring
multimedia data including main data (and additional data) through a network. The
encoder 55 receives and encodes main data or additional data, and transmits the
coded main data or additional data to the recording/reading unit 52. The recording
and reproducing apparatus may include only the digital interface 54 or only the
encoder 55 and tha decoder 56 if necessary. | _ ,

Here, the multiplexer 53, the encoder 55, and the decoder 56 have the same
functions as thé_se_ of the recording apparatuses and the reproducing apparatuses
described above with reference to FIGS. 3 and 4.. The recording/reading unit 52
has the functions of both the recording unit 32 of the recording apparatus described
with reference to FIG. 3 and the reading unit 42 of the reproducing apparatus
described with reference to FIG. 4. Also, the control unit 51 has the functidns of
both the control unit 31 of the recording apparatus and the control unit 41 of the
reproducing app'aratus. Therefore, explanations of the functions described above
will not be repeated here. '

Preferred embodiments of the recording and reproducing methods according
to the present invention used by the recording and reproducing apparatuses which
have the structures described above, will now be described.

FIG. 6'is a flowchart illustrating a preferred embodiment of a recording
method according to the present invention. Referring to FIG. 6, when main data are
input from the digital interface 34 or the encoder 35 of the recording apparatus, the

‘recording unit 32 records the main data'in the optical disc 300 (step 601). Next, sub

data to be reproduced in synchronization with the main data are recorded in an area
separated from the area where the main data have been recorded (step 602).

- Navigation information defining the relation between the main data and the sub data

are recorded in the optical disc 300 (step 603). Here, the main data and the sub

10 .j_
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 ..data can be recorded simulianeouSIy by alternation orin apredetermined sequential . . . . .

order. .
| FIG. 7 is a flowchart illustrating another embodiment of the recording method

according to the present invention. Referring to FIG. 7, when main data are input
from the digital interface 34 or the encoder 35 of the recording apparatus, the
recording unit 32 records the main data (step 701).. Next, sub data to be
reproduced in synchronization with the main data are recorded in an area separated

| from the area where the main data have béen_ recorded (step 702). Extra data are

recorded in an area separated from the areas where the main data and the sub data
have been recorded (step 703).  Navigation information defining the relation
between the main data, the sub data, and the extra data are recorded (step 704).

“"Here, the main data, the sub data, and the extra data can be recorded

simultaneously by alternation or in a predetermined sequential order.

FIG.8isa flowchart illustrating a preferred embodiment of a reproducing
method according to the present invention. . Referring to FIG. 8, the reading unit 42
of the reproducing apparatus or the recording/reading unit 52 of the recording and
reproducing apparatus reads main data from the optical disc 400 or 500 (step 801).
Next, sub data are read from an area separated from the area where the main data
are recorded (step 802). The multiplexer 43 or 53 multiplexes the read main data
and sub data (step 803). Here, necessary navigation information is read by the
reading unit 42 or the recordinglreading unit 52, and transmitted to the control unit 41
or 51, and then to the multiplexers 42 or 53 after 'being analyzed by the control unit
41 or 51. Alternatively, the navigation information read by the reading unit 42 or the
recording/reading unit 52 can be transmitted directly to the multiplexer 43 or 53.

The multiplexed main data and sub data are output through the digital
interface 44 or 54 (step 804), or are transmitted to and decoded by the decoder 46 or
56 (step 805). The decoded main data and sub data are transmitted to and

reproduced through an output device such as a speaker, a monitor, or a printer.

FIG. 9 is a flowchart illustrating another embodiment of the reproducing -
method according to the present invention. Referring to FIG. 9, the reading unit 42
of the reproducing apparatus or the recording/reading unit 52 of the recording and
reproducing apparatus reads main data from the optical disc 400 or 500 (step 901).
Next, sub data are read from an area separated from the area where the main data

“are recorded (step 902). Extra data are read from an area separated fromthe . -

11,-7 ‘
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areas where the main data and the sub data;-raﬁe_.neco_rdéd_,.(.s.t,,ep-.903.)_.._-. The.

multiplexer 43 or 53 multiplexes the read main data, sub data, and extra data (step
904). Here, necessary navigation information is read by the reading unit 42 or the =
recording/reading unit 52, and transmitted to the control unit 41 or 51, and then to

- the multiplexers 42 or 53 after being analyzed by the control unit 41 or 51.

Alternatively, the navigation information read by the reading unit 42 or the
recording/reading unit 52 can be transmitted directly to the multiplexer 43 or 53

The multiplexed main data, sub data, and extra data are output through the
digital interface 44 or 54 (step 905), or are transmitted to and decoded by the
decoder 46 or 56 (step 906). The decoded main data, sub data, and extra data are -
transmitted to and reproduced through an output deviée such as a speaker, a
monitor, or a printer.

FIG. 10 is a flowchart illustrating still another embodiment of the reproducing
method according to the present invention. Referring to FIG. 10, the reading unit 42
of the reproducing apparatus or the recording/reading unit 52 of the recording and
reproducing apparatus reads sub data from the optical disc 400 or 500 (step 1001).
Next, extra data are read from an area separated from the area where the sub data
are recorded (step 1002). The multiplexer 43 or 63 multiplexes the read sub data
and extra data (step 1003). Here, necessary havigation information is read by the
reading unit 42 or the recording/reading unit 52, and transmitted to the control unit 41
or 51, and then to the multiplexers 42 or 53 after being anélyzed by the control unit -
41 or 51. Alternatively, the navigation information read by the reading unit 42 or the
recording/reading unit 52 can be transmitted directly to the multiplexer 43 or 53.

The multiplexed sub data and extra data are output through the digital
interface 44 or 54 (step 1004), or are transmitted to and decoded by the decoder 46
or 56 (step 1005). The decoded sub data and extra data are transmitted to and
reproduced through an output device such as a Speaker, a monitor, or a printer.

As described above, the present invention provides a data storage medium in
which different kinds of data constituting multimedia contents are recorded in
discrete bitstreams for easy data editing or replacement, and a recording apparatus
and method for the same. The present invention alsc provides an apparatus and
method for simultaneously reading and reproducing multrple bitstreams.

It is expected that there will be more types of multimedia data services in the

future to satlsfy a variety of needs of users. A variety of multimedia contents will be

127



provided by multimedia service providers:through networks.- - The present invention
enables users to receive a variety of multimedia contents from multimedia service
providers and to create é new multimedia content by data replacement or editing if
necessary. ' ' '_ |

While this invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as deﬁ'ned_ by the appended claims.
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What is claimed is: | o

1. A data storage medium comprising:
main data including audio data and/or video data;
sub data recorded in a separate bitstream from the main data and reproduced

in synchronization with the main data; and
navigation information defining a relation required for the main data and the

sub data to be output in synchronization with each other.

2. The data storage medium of claim 1, further comprising extra data
recorded in a separate bitstream from the main data and the sub data and

reproduced in connection with the main data,

wherein the navigation information further defines a relation required for the
main data and the extra data to be output in connection with each other.

3. The data storage medium of claim 2, wherein the méin data are
received and encoded by an internal encoder or are input through a digital interface

and recorded.

4. The data storage medium of claim 2, wherein the sub data and/or the
extra data are received and encoded by an internal encoder or are input through the
digital interface and recorded.

5. A recording method comprising:

(a) recording main data including audio data and/or video data;

(b) recording sub data to be reproduced in synchronization with the main data
in a separate bitstream from the main data; and

(c) recording navigation information defining a relation required for the main
data and the sub data to be reproduced in synchronization with each other.

6. The recording method of claim 5, further comprising:

(d) recording extra data to be reproducéd in connection with the main data in
a separate bitstream from the main data and the sub data; and

(e) recording navigation information defining a relation required for the main
data and the extra data to be output in connection with each other. .

14/



10

15

20 -

25

30

| N

7. The recording method of claim 5, wherein step (a) comprises:
(a1) receiving the main data through a digital interface; and
(a2) recording the received main data.

8. The recording method of claim 5, wherein step (a) comprises:
(a1) receiving the main data as analog signal,

(a2) encoding the received main data; and

(a3) recording the encoded main data.

9, The recording method of claim 5, wherein step (b) comprises:
(b1) réceiving the sub data through the digital interface; and
(b2) recording the received sub data.

10. The recording method of claim 5, Wherein step (b) comprises:
(b1) receiving the sub data as analog signal, '

(b2) encoding the received sub data; and

(b3) recording the encoded sub data.

11.  The recording method of claim 6, wherein step (c) comprises:
(c1) receiving the extra data through the digital interface; and
(c2) recording the received extra data.

12.  The recording method of claim 6, wherein step (c) comprises:
- (c1) receiving the extra data as analog signal, '
' (c2_)' encoding the received extra data; and

(c3) recording the encoded extra data.

13. ‘A reproducing method comprising:

(a) reading main data including audio data and/or video data;

(b) reading sub data recorded in a separate bitstream from the main data,
which is later reproduced in synchronization with the main data; and

(c) multiplexing the read main data and the read sub data.

15
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14. - The reproducing method of claim 13, further comprising (d1) outputtlng
the multiplexed main data and sub data through a digital interface.

15.  The reproducing method of claim 13, further comprising (d2) decoding
the multiplexed main data and sub data.

16.  The reproducing method of claim 13, wherein step (c) comprises:

(c1) reading navigation information defining a relation required for the read
main data and sub data to be reproduced in synchronization with each other; and

(c2) multiplexing the read main data énd the read sub data based upon the

navigation information.

17.  Areproducing method comprising:

(a) reading main data including audio data and/or video data;

(b) reading sub data recorded in a separate bitstream frofn the main data,
which is later reproduced in synchronization with the main data;

(c) reading extra data recorded in a separate bitstream from the main data
and the sub data, which is later reproduced in connection with the main data; and

(d) multiplexing the read main'-data, the read sub data, and the read extra
data.

18.  The reproducing method of claim 17, further comprising (e1) outputting
the multiplexed main data, sub data, and extra data through a digital interface.

19.  The reproducing method of claim 17, further comprising (e2) decoding
the multiplexed main data, sub data, and extra data.

20. The reproducing method of claim 17, wherein step (d) comprises:

(d1) reading navigation information defining a relatio.n required for theread - - - -
main data and sub data. to be reproduced in synchronization with each other and for
the read main data and extra data to be reproduced in connection with each other;
and _ , ' '

(d2) multiplexing the read main data, the read sub data, and the read extra
data based upon the navigation information.

i
,
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21. A reproducing method cdmprising:

(a) reading sub data recorded in é separate bitstream from main data
including audio data and/or video data, which_ is later reproduced in synchronization
with the main data; | ‘ '

(b) reading extra data recorded in a separate bitstream from the main data

- and the sub data, which is later reproduced in connection with the main data; and

(c) multiplexing the read sub data and the read extra data.

22. The reproducing method of claim 21, further comprising (d1) outputting
the muitiplexed sub data and extra data through a digital interface.

23. The reproducing method of claim 21, further comprising (d2) decoding
the multiplexed sub data and extra data. '

24. The reproducing method of claim 21, wherein step (c) comprises:

(c1) reading navigation information defining a relation required for the read
sub data and extra data to be reproduced in connection with each other; and

(c2) multiplexing the read sub-data and the extra data basé_d upon the

navigation information.

25. A recording apparatus comprising:
a recording unit for recording main data including audio data and/or video

data, recording sub data to be reproduced in synchronization with the main data in a
separate bitstream from the main data, and recording navigation information defining
a relation required for the main data and the sub data to be reproduced in
synchronization with each other; and ‘

a control unit for generating the navigation information and providing the
generated navigation information to the recording unit. l

26. The recording apparatus of claim 25, wherein the recording unit further

records extra data to be reproduced in connection with the main data in a separate
bitstream from the main data and the sub data, and records navigation information
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defining a relation required for the main data, and the extra_data to be repréduced in

_connection with each other, and

the control unit generates the navigétion information defining the relation

between the main data and the extra data and provides the generated navigation

data to the recording unit.

27. The recording apparatus of claim 26, further comprising a digital
interface for receiving the main data and/or the sub data. -

28.  The recording apparatus of claim 27, wherein the digital interface
receives the extra data, and the recording unit records the received extra data and

navigation information on the exira data.

29. ' The recording apparatus of claim 25, furthér comprisihg an encoder for
receiving and encoding the main data and/or the sub data.

30. A reproducing apparatus comprising:

a reading unit for reading main data including audio dala and/or video data
and reading sub data recorded in a separate bitstream from the -main data, which is
later reproduced in synchronization with the main data; and

a multiplexer for multiplexing the main data and sub data read by the reading

unit.

31.  The reproducing appafatus of claim 30, further bomprising a digital
interface for outputting the multiplexed main data and sub data.

32. The reproducing apparatus of claim 30, further comprising a decoder

for decoding the multiplexed main data and sub data.

33. The reproducing apparatus of claim 30, wherein the reading unit reads
navigation information defining a relation required for the -read main data and sub
data to be reproduced in synchronization with each other, and the muiltiplexer
multiplexes the read main data and the read sub data based upon the navigation

information.
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34. Areproducing apparatus comprising:

a reading unit for reading main data including audio data and/or video data,
reading sub data recorded in a separate bitstream from the main data, which is later
reproduced in synchronization with the main data, and reading extra data recorded in
a separate bitstream from the main data and the sub data, which is later reproduced
in connection with the main data; and

a multiplexer for multiplexing the main data, sub data, and extra data read by

the reading u_nit.

35. The reproducing apparatus of claim 34, further comprising a digital
interface for outputting the multiplexed main data, sub data, and extra data.

36. The reproducing apparatus of claim 34, further compri'sing a decoder
for decoding the multiplexed main data, sub data, and extra data. .

37. The reproducing apparatus of claim 34, wherein the reading unit reads
navigation information defining a relation required for the read main data and sub
data to be reproduced in synchronization with each other and required for the read
main data and extra data to be reproduced in connection with each other, and the
multiplexer multiplexes the read main data, the read sub data, and the read extra
data based upon the navigation information.

38. A reproducing apparatus comprising:

a reéding'unit for reading sub data recorded in a separate bitstream from
main data including audio data and/or video data, which is later reproduced in
synchronization with the main data, and reading extra data recorded in a separate
bitstream from the main data and the sub data, which is later reproduced in
connection with the main data; and .

a multiplexer for multiplexing the sub data and extra data read by the reading

unit.

39.  The reproducihg apparatus of claim 38, further comprising a digital
interface for outputting the multiplexed sub data and extra data. '

i
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40. The reproducing apparatus of claim 38, further comprising a decoder
for decoding the multiplexed sub data and extra data.

41. The reproducing apparatus of claim 38, wherein the reading unit reads
_navigation information defining a relation required for the sub data and the extra data
to be reproduced in connection with each other, and the multiplexer multiplexes the
read sub data and the read extra data based upon the navigation information.
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