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for seamless reproduction

(57) A method for generating additional information
for guaranteeing seamless playback of data streams, a
recording medium for storing the information, and re-
cording, editing and/or playback apparatus using the
same are provided. The method generates additional in-
formation for guaranteeing seamless playback. The
method includes a step of generating data stream infor-
mation for each of two or more data streams, which in-
cludes packet data to which information on an arrival
time of the respective packet data is added. The data
stream information includes seamless playback infor-
mation, which indicates whether a corresponding data
stream is to be seamlessly reproduced after playback

of a preceding data stream, and/or seamless time con-
trol information for controlling an output time of the cor-
responding data stream to be seamlessly reproduced.
Therefore, data streams can be seamlessly reproduced
without interruption between the data streams, by using
data stream information which includes seamless infor-
mation and/or seamless time control information includ-
ing reference time, an offset value and/or a gap length
value. Especially, by using the information structure,
even if data streams are edited, the data streams can
be seamlessly reproduced in such a simple manner of
just modifying data stream information, instead of direct-
ly rewriting or modifying arrival time information which
is added to packet data.
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Description

[0001] The present invention relates to recording and/
or playback of digital data, and more particularly, to a
method for generating additional information for guar-
anteeing seamless playback between data streams
which are composed of packetized data, a recording
medium for storing the information, and a recording, ed-
iting and/or playback apparatus using the same.
[0002] Packet data is usually used in digital satellite
broadcasting, digital terrestrial broadcasting, digital ca-
ble broadcasting and asynchronous transfer mode
(ATM) transmission networks. Figure 1 shows the basic
form of recorded data composed of input packet data
and its arrival time and the conceptional relation be-
tween the recorded data and data output time intervals
during playback. When recording input data, an arrival
time stamp (ATS), which is arrival time information, is
added to the input data and the data is output based on
the added ATS during playback. Here, the input data is
packetized data which is obtained by dividing data such
as video or audio into units of a predetermined size. The
packetized data is transmitted through satellites, cables
or local area networks (LANs). The size of the unit is
188 bytes when data is transmitted using a Moving Pic-
ture Experts Group (MPEG)-2 transport stream defined
by International Organization for Standardization (ISO)
/International Electrotechnical Commission (IEC)
13818-1 standard, and is 53 bytes when data is trans-
mitted using an asynchronous transfer mode (ATM)
standard.
[0003] In digital broadcasting, packet data is transmit-
ted at irregular time intervals. The transmitted packet
data is usually received by a receiving party having a
decoder. In the receiving party, the transmitted data is
input into the decoder via a buffer and decoded by the
decoder so that users can watch the broadcasting.
[0004] When a user sets a playback mode to repro-
duce, at a desired time, packet data, which has been
temporarily stored in a recording medium the packet da-
ta is sent to the decoder by a playback apparatus. When
sending the data to the decoder, the irregular time inter-
vals at which the packet data was originally transmitted
to the receiving party are significant because the buffer
of the receiving party overflows or underflows if the ir-
regular time intervals are not obeyed. This is because,
when transmitting data, an original transmitting party (a
broadcasting station) adjusts the time intervals between
packet data taking into account the state of the buffer of
a receiving party having a decoder. For this reason, it is
assumed that information on the arrival time of each
packet of data is added to each corresponding packet
of input data when a recording apparatus records data,
and each packet of data is output by a playback appa-
ratus based on the arrival time information thereof.
[0005] Figure 2 is a block diagram showing a record-
ing and playback apparatus for the packet data shown
in Figure 1. In Figure 2, a counter 102, which operates

according to a system clock signal, usually uses a sys-
tem clock signal of 27 MHz because the MPEG-2 sys-
tem generates time stamps on the basis of a clock signal
of 27 MHz. It is needless to say that a system clock sig-
nal of another frequency can be used.
[0006] An ATS generator 104 adds an ATS to each
packet of input data. The input packet data together with
the added ATSs is converted into a signal suitable for
recording by a recording controller 106 and then record-
ed in a recording medium 108. A playback controller 110
plays back to which ATSs have been added, which is
recorded in the recording medium 108 and sends the
playback data to an ATS processor 112. The ATS proc-
essor 112 outputs the data according to the added ATS
of the playback data. Here, the ATS generator 104 and
the ATS processor 112 each includes an internal buffer.
Alternately, the buffers of the ATS generator 104 and the
ATS processor 112 may be separately provided on the
outside.
[0007] In the method of adding an ATS, during record-
ing, the ATS generator 104 reads a count value of the
counter 102 at the time when packet data is input, and
adds the count value to the packet as an ATS. The pack-
et data with the added ATS is temporarily stored in the
internal buffer of the ATS generator 104 and then re-
corded in the recording medium 108 via the recording
controller 106. As mentioned above, the internal buffer
can be separately provided on the outside.
[0008] During playback, the playback controller 110
plays back the packet data with the added ATS from the
recording medium 108 and sends the playback data to
the ATS processor 112. The ATS processor 112, which
includes a buffer of a predetermined size, temporarily
stops reading data when the buffer overflows, and re-
starts the reading when the buffer is empty, repeatedly.
The ATS processor 112 reads the ATS and correspond-
ing packet data of a first packet, from its internal buffer,
and sets the counter 102 based on the ATS while out-
putting the packet data. The output data of the ATS proc-
essor 112 is pure packet data from which the ATS has
been removed. Thereafter, packet data is output only
when the added ATS of the packet is determined to have
the same value as the count value of the counter 102
by comparing the ATS with the count value. The buffer
included in the ATS processor 112 may also be sepa-
rately provided on the outside. Due to such configuration
and operation as described above, data can be trans-
mitted to a receiving party having a decoder while the
original time intervals of packet data are maintained dur-
ing playback so that decoding can be smoothly per-
formed.
[0009] As shown in Figures 1 and 2, when recording
packet data, an ATS, which indicates the arrival time of
the corresponding packet data, is added to the packet
data. A data stream which is recorded in such a manner
is referred to as a stream object (SOB). A plurality of
SOBs may be recorded in a single recording medium.
For example, when a user starts and stops recording
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one time, one SOB is generated. Thereafter, if the user
starts and stops recording again, another SOB is gen-
erated. A data stream is data which is recorded starting
from the time when a user starts recording through the
time when the user stops recording. For example, a
piece of drama or movie can be recorded in the form of
a single data stream.
[0010] An ATS is important in an apparatus for record-
ing packet data. Generally, ATSs are added to a data
stream, independently from those which are added to
other data streams. The independent method is possi-
ble when seamless playback is required only with re-
spect to a single data stream. However, when a user
desires to seamlessly reproduce two or more data
streams, additional information for defining the seam-
less playback between the data streams is needed.
[0011] Figure 3 shows an example in which two data
streams are reproduced by the recording and playback
apparatus shown in Figure 2. In a preceding data
stream, SOB 1, the values of ATSs are written from
"100" to "990". In a succeeding data stream SOB 2, the
values of ATSs are written starting from "0". This is be-
cause, the ATS generator 104 sets an initial value to
"100", which is the value of the ATS of packet data which
arrives first in the SOB 1, and records the SOB 1 during
the recording of the SOB 1 while the ATS generator 104
sets an initial value to "0", which is the value of the ATS
of packet data which arrives first in the SOB 2, regard-
less of the values of the ATSs in the SOB 1, and records
the SOB 2 during the recording of the SOB 2. When se-
quentially reproducing the two data streams which have
been recorded through the above operation, the value
of the counter 102 is compared with the values of ATSs
of the SOB 1 during the playback of the SOB 1 and, after
completing the playback of the SOB 1, the counter 102
is reset to "0" to reproduce the SOB 2.
[0012] In the operation of sequentially reproducing
the two data streams, SOB 1 and SOB 2, information
for defining the seamless playback between the SOB 1
and the SOB 2, for example, the time interval between
the end of playback of the SOB 1 and the start of play-
back of the SOB 2, is not defined. In other words, as
shown in Figure 3, a single SOB is reproduced in such
a manner that the counter 102 is reset to the value of
the ATS of the first packet data of SOB 1 and then the
value of ATSs of packet data are compared with the
count value of the counter 102 until an ATS having the
same value as that of the counter 102 is searched, so
as to output packet data to which the searched ATS has
been added. Once the playback of the SOB 1 is com-
pleted, the playback of the SOB 2 is performed in the
same manner as in the playback of the SOB 1 after the
counter 102 is reset to the value of the ATS of the first
packet of the SOB 2. At this time, the seamless playback
between the SOB 1 and the SOB 2 is not particularly
defined so that the playback operation is usually
stopped for a short time.
[0013] When sequentially reproducing SOBs, the

time intervals between SOBs cannot be equally fixed
because the time intervals depend on internal data
states. Accordingly, information on playback time con-
trol in accordance with the internal data states is need-
ed. Without this information, seamless playback cannot
be guaranteed and a small time delay appears between
two SOBs.
[0014] Figure 4A shows a case in which ATSs are
added to the plurality of SOBs for the purpose of seam-
less playback and shows a discontinuous section which
is caused by partial deletion of data. In other words, dur-
ing recording, instead of adding ATSs to SOB 2 inde-
pendently from those in SOB 1, the ATSs are added to
SOB 2 taking into account the value of the last ATS of
SOB 1 and a current data state so that seamless play-
back can be achieved. During playback, the counter 102
is not reset between the two SOBs and the playback of
the two SOBs is performed as though a single SOB is
being reproduced, thereby guaranteeing automatic
seamless playback. In this case, the two SOBs are
seamlessly reproduced according to the ATSs without
resetting of the counter 102 between the two SOBs dur-
ing playback. However, seamless playback may not be
guaranteed when partial deletion, which occurs fre-
quently in using a recording and playback apparatus, is
performed.
[0015] For example, if a portion of SOB 2 is deleted
at the boundary between the SOB 1 and the SOB 2, out-
put of data, as shown in Figure 4B, is not performed for
a period of time corresponding to the amount of deleted
data. This is because the value of the counter 120 is not
reset at the boundary between the two SOBs. If the
counter 102 is reset to the value of the ATS of the first
packet of SOB 2, the problem can be solved, but there
occurs a problem that the seamless playback between
two SOBs is not defined as shown in Figure 3.
[0016] In another method, as shown in Figure 4C, all
the ATSs of the SOB 2 are modified into values for al-
lowing seamless playback. However, it is troublesome
to modify all the ATSs of SOB 2 during recording.
[0017] In brief, when sequentially reproducing the two
data streams, SOB 1 and SOB 2, to which the ATSs are
independently added as shown in Figure 3, the ATS
processor 112 resets the counter 102 to the value of the
first ATS of the SOB 2 immediately after a predeter-
mined amount of time has passed since the playback of
the SOB 1 was completed, and starts the playback of
the SOB 2. Consequently, seamless playback is not
guaranteed and playback is interrupted.
[0018] Even if the ATS generator 104 generates ATSs
for allowing seamless playback when recording the
SOB 2 after completing the recording of the SOB 1 as
shown in Figure 4A, seamless playback is impossible
when editing is performed, that is, a portion of the SOB
1 or SOB 2 is deleted at the boundary between the two
SOBs. According to the method as shown in Figure 4C,
it is difficult to modify the values of the ATSs of the SOB
2 after recording or editing and to record the modified
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values again.
[0019] With a view to solve or reduce the above prob-
lems, it is an aim of embodiments of the present inven-
tion to provide a method for generating additional infor-
mation for guaranteeing that a plurality of data streams
composed of packet data, which is used in digital satel-
lite broadcasting, digital terrestrial broadcasting, digital
cable broadcasting and asynchronous transfer mode
(ATM) networks, are recorded in a storage medium such
as an optical disk and that the data streams are seam-
lessly reproduced.
[0020] It is another aim to provide a recording medium
in which updated additional information is stored so as
to guarantee that seamless playback of a plurality of da-
ta streams, each of which is composed of packet data,
is easily achieved even after editing such as partial de-
letion has been performed on the plurality of data
streams.
[0021] It is yet another aim to provide a recording ap-
paratus for recording additional information, which guar-
antees seamless playback of a plurality of data streams
composed of packet data, during recording operation.
[0022] It is still yet another aim to provide an editing
apparatus for easily updating additional information,
which guarantees seamless playback of a plurality of
data streams composed of packet data, during an edit-
ing operation such as partial deletion.
[0023] It is another aim to provide a playback appara-
tus for performing seamless playback at the boundaries
between a plurality of data streams composed of packet
data, using additional information for guaranteeing
seamless playback during playback operation.
[0024] It is further another aim to provide a recording
and playback apparatus for recording additional infor-
mation, which guarantees seamless playback of a plu-
rality of data streams composed of packet data, and per-
forming seamless playback at the boundaries between
the plurality of data streams based on the additional in-
formation.
[0025] According to a first aspect of the invention,
there is provided a method for generating additional in-
formation for guaranteeing seamless playback, the
method comprising a step of generating data stream in-
formation for each of two or more data streams compris-
ing packet data to which information on an arrival time
of the respective packet data is added, the data stream
information comprising seamless playback information,
which indicates whether a corresponding data stream is
to be seamlessly reproduced after playback of a preced-
ing data stream, and/or seamless time control informa-
tion for controlling an output time of the corresponding
data stream to be seamlessly reproduced.
[0026] Preferably, the seamless time control informa-
tion comprises a reference time, offset information and/
or gap length information.
[0027] Preferably, the reference time is obtained
based on arrival times of packet data of the preceding
data stream and indicates an output time of a first packet

data of the corresponding data stream to be seamlessly
reproduced.
[0028] Preferably, the offset information is obtained
based on arrival times of packet data of the preceding
data stream and is a value of the difference between an
original arrival time of a first packet of the corresponding
data stream to be seamlessly reproduced and the output
time of the first packet of the corresponding data stream.
[0029] Preferably, the gap length information is a val-
ue of an amount of time from an output time of a last
packet of the preceding data stream to a time at which
a first packet of the corresponding data stream to be
seamlessly reproduced must be output.
[0030] Preferably, the seamless time control informa-
tion is valid only when the seamless information has a
value indicating "seamless playback".
[0031] Preferably, each of the data streams compris-
es a plurality of packs, each pack which comprises the
predetermined number of packet data to which informa-
tion on the arrival time of the respective packet data is
added, and an extra header which is added to the packet
data with arrival time information.
[0032] According to a second aspect of the invention,
there is provided a recording medium comprising: a first
area including a plurality of data streams composed of
packet data to which information on the arrival time of
the respective packet data is added; and a second area
including data stream information comprising seamless
information, which indicates whether a corresponding
data stream is to be seamlessly reproduced after play-
back of a preceding data stream, and/or seamless time
control information for controlling an output time of the
corresponding data stream to be seamlessly repro-
duced.
[0033] Preferably, the seamless time control informa-
tion comprises a reference time, offset information and/
or gap length information.
[0034] Preferably, the reference time is obtained
based on arrival times of packet data of the preceding
data stream and indicates an output time of a first packet
data of the corresponding data stream to be seamlessly
reproduced.
[0035] Preferably, the offset information is obtained
based on arrival times of packet data of the preceding
data stream and is a value of the difference between an
original arrival time of a first packet of the corresponding
data stream to be seamlessly reproduced and the output
time of the first packet of the corresponding data stream.

[0036] Preferably, the gap length information is a val-
ue of an amount of time from an output time of a last
packet of the preceding data stream to a time at which
a first packet of the corresponding data stream to be
seamlessly reproduced must be output.
[0037] Preferably, the seamless time control informa-
tion is valid only when the seamless information has a
value indicating "seamless playback".
[0038] Preferably, each of the data streams in the first
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area comprises a plurality of packs, each pack which
comprises the predetermined number of packet data to
which information on the arrival time of the respective
packet data is added, and an extra header which is add-
ed to the packet data with arrival time information.
[0039] According to a second aspect of the invention,
there is provided a recording apparatus comprising: an
arrival time information generator for adding arrival time
information on an arrival time of input packet data to
each input packet data; a data stream information gen-
erator for generating data stream information for each
of two or more data streams comprising the packet data
to which the arrival time information of the respective
packet data is added, the data stream information com-
prising seamless playback information, which indicates
whether a corresponding data stream to be seamlessly
reproduced after playback of a preceding data stream,
and/or seamless time control information for controlling
an output time of the corresponding data stream to be
seamlessly reproduced; and a recording controller for
performing control such that the data stream is recorded
in a first area of a recording medium and the data stream
information is recorded in a second area of the recording
medium.
[0040] Preferably, each of the data streams in the first
area comprises a plurality of packs, each pack which
comprises the predetermined number of packet data to
which information on the arrival time of the respective
packet data is added, and an extra header which is add-
ed to the packet data with arrival time information.
[0041] The apparatus may further comprise a counter
which is driven by a system clock signal and reset at the
moment when a first packet of each data stream is input,
for performing counting operation and providing a count
value to the arrival time information generator.
[0042] The seamless time control information prefer-
ably comprises a reference time, offset information and/
or gap length information.
[0043] Preferably, the reference time is obtained
based on arrival times of packet data of the preceding
data stream and indicates an output time of a first packet
data of the corresponding data stream to be seamlessly
reproduced.
[0044] Preferably, the offset information is obtained
based on arrival times of packet data of the preceding
data stream and is a value of the difference between an
original arrival time of a first packet of the corresponding
data stream to be seamlessly reproduced and the output
time of the first packet of the corresponding data stream.

[0045] Preferably, the gap length information is a val-
ue of an amount of time from an output time of a last
packet of the preceding data stream to a time at which
a first packet of the corresponding data stream to be
seamlessly reproduced must be output.
[0046] Preferably, the seamless time control informa-
tion is valid only when the seamless information has a
value indicating "seamless playback".

[0047] According to another aspect of the invention,
there is provided an editing apparatus for editing data
recorded in a recording medium comprising a first area
including a plurality of data streams composed of packet
data to which information on the arrival time of the re-
spective packet data is added; and a second area in-
cluding data stream information comprising seamless
information, which indicates whether a corresponding
data stream is to be seamlessly reproduced after play-
back of a preceding data stream, and/or seamless time
control information for controlling an output time of the
corresponding data stream to be seamlessly repro-
duced, the editing apparatus comprising: a data infor-
mation updator for, after editing by the editing appara-
tus, analyzing the data stream information and updating
the seamless time control information so that data at ei-
ther side of the boundary between data streams, at
which seamless playback is not guaranteed, can be
seamlessly played back; and an editing controller for
performing control such that edited data streams are re-
corded in a first area of the recording medium and up-
dated data stream information is recorded in a second
area of the recording medium.
[0048] Preferably, the seamless time control informa-
tion comprises a reference time, offset information and/
or gap length information.
[0049] Preferably, the reference time is obtained
based on arrival times of packet data of the preceding
data stream and indicates an output time of a first packet
data of the corresponding data stream to be seamlessly
reproduced.
[0050] Preferably, the offset information is obtained
based on arrival times of packet data of the preceding
data stream and is a value of the difference between an
original arrival time of a first packet of the corresponding
data stream to be seamlessly reproduced and the output
time of the first packet of the corresponding data stream.
[0051] Preferably, the gap length information is a val-
ue of an amount of time from an output time of a last
packet of the preceding data stream to a time at which
a first packet of the corresponding data stream to be
seamlessly reproduced must be output.
[0052] Preferably, each of the data streams in the first
area comprises a plurality of packs, each pack which
comprises the predetermined number of packet data to
which information on the arrival time of the respective
packet data is added, and an extra header which is add-
ed to the packet data with arrival time information.
[0053] According to another aspect of the invention,
there is provided playback apparatus for reproducing
data recorded in a recording medium comprising a first
area including a plurality of data streams composed of
packet data to which information on the arrival time of
the respective packet data is added; and a second area
including data stream information comprising seamless
information, which indicates whether a corresponding
data stream is to be seamlessly reproduced after play-
back of a preceding data stream, and/or seamless time
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control information for controlling an output time of the
corresponding data stream to be seamlessly repro-
duced, the playback apparatus comprising: a playback
controller for reproducing the data streams and data
stream information which are recorded in the recording
medium; a counter which is driven by a system clock
signal and reset according to arrival time information
which has been added to a packet that is first repro-
duced by the playback controller; a first processor for
modifying original arrival time information of a corre-
sponding data stream to be seamlessly reproduced so
as to provide modified arrival time information or for pro-
viding a control signal indicating a time when the counter
is to be reset, based on data stream information provid-
ed from the playback controller; and a second processor
for controlling output by removing the original arrival
time information which is added to the packet data in the
corresponding data stream, which is provided from the
playback controller, in response to an output of the first
processor.
[0054] Preferably, the reproducing the corresponding
data stream to be seamlessly reproduced without reset
of the counter, the second processor controls output by
removing the original arrival time information when the
modified arrival time information is identical to the orig-
inal arrival time information which has been added to
the packet data, and, when reproducing the correspond-
ing data stream to be seamlessly reproduced with reset
of the counter, the second processor controls output by
resetting the counter to a value of the arrival time infor-
mation of a first packet data of the corresponding data
stream in response to the control signal and removing
the original arrival time information when the output of
the counter is identical to the original arrival time infor-
mation which is added to the packet data.
[0055] Preferably, each of the data streams in the first
area comprises a plurality of packs, each pack which
comprises the predetermined number of packet data to
which information on the arrival time of the respective
packet data is added, and an extra header which is add-
ed to the packet data with arrival time information.
[0056] Preferably, the seamless time control informa-
tion comprises a reference time, offset information and/
or gap length information.
[0057] Preferably, the first processor converts the
original arrival time information of the first packet data
of the corresponding data stream into the reference time
and adds a value of the offset information to values of
the original arrival time information of the rest packet
data of the corresponding data stream to provide the
modified arrival time information.
[0058] Preferably, the first processor adds a value of
the offset information to a value of the arrival time infor-
mation of a first packet of the corresponding data stream
and, thereafter, adds the value of the offset information
to values of the original arrival time information of the
other packet data of the corresponding data stream to
provide the modified arrival time information.

[0059] Preferably, the first processor adds a value of
the gap length information to a value of the original ar-
rival time information of a last packet data of the preced-
ing data stream to provide the control signal indicating
the time when the counter is to be reset.
[0060] Preferably, the second processor ignores the
referent time, offset information and/or gap length infor-
mation and outputs the data stream recorded in the first
area of the recording medium based on the original ar-
rival time information, when the seamless information
has a value indicating "non-seamless playback".
[0061] In another aspect, there is provided recording
and playback apparatus comprising: an arrival time in-
formation generator for adding arrival time information
on an arrival time of input packet data to each input
packet data; a data stream information generator for
generating data stream information for each of two or
more data streams comprising the packet data to which
the arrival time information of the respective packet data
is added, the data stream information comprising seam-
less playback information, which indicates whether a
corresponding data stream to be seamlessly repro-
duced after playback of a preceding data stream, and/
or seamless time control information for controlling an
output time of the corresponding data stream to be
seamlessly reproduced; a recording controller for per-
forming control such that the data stream is recorded in
a first area of a recording medium and the data stream
information is recorded in a second area of the recording
medium; a playback controller for reproducing the data
streams and data stream information which are record-
ed in the recording medium; a counter which is driven
by a system clock signal, the counter being reset at the
moment when each data stream is input and performing
counting operation to provide a count value to the arrival
time information generator, during recording, the coun-
ter being reset according to arrival time information
which is added to a packet which is first reproduced by
the playback controller, during playback; a first proces-
sor for modifying original arrival time information of a
corresponding data stream to be seamlessly repro-
duced so as to provide modified arrival time information
or for providing a control signal indicating a time when
the counter is to be reset, based on data stream infor-
mation provided from the playback controller; and a sec-
ond processor for controlling output by removing the
original arrival time information which is added to the
packet data in the corresponding data stream, which is
provided from the playback controller, in response to an
output of the first processor.
[0062] Preferably, when reproducing the correspond-
ing data stream to be seamlessly reproduced without
reset of the counter, the second processor controls out-
put by removing the original arrival time information
when the modified arrival time information is identical to
the original arrival time information which has been add-
ed to the packet data, and, when reproducing the cor-
responding data stream to be seamlessly reproduced
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with reset of the counter, the second processor controls
output by resetting the counter to a value of the arrival
time information of a first packet data of the correspond-
ing data stream in response to the control signal and
removing the original arrival time information when the
output of the counter is identical to the original arrival
time information which is added to the packet data.
[0063] Preferably, each of the data streams in the first
area comprises a plurality of packs, each pack which
comprises the predetermined number of packet data to
which information on the arrival time of the respective
packet data is added, and an extra header which is add-
ed to the packet data with arrival time information.
[0064] Preferably, the seamless time control informa-
tion is valid only when the seamless information has a
value indicating "seamless playback".
[0065] Preferably, the seamless time control informa-
tion comprises a reference time, offset information and/
or gap length information.
[0066] Preferably, the reference time is obtained
based on arrival times of packet data of the preceding
data stream and indicates an output time of a first packet
data of the corresponding data stream to be seamlessly
reproduced.
[0067] Preferably, the offset information is obtained
based on arrival times of packet data of the preceding
data stream and is a value of the difference between an
original arrival time of a first packet of the corresponding
data stream to be seamlessly reproduced and the output
time of the first packet of the corresponding data stream.
[0068] Preferably, the gap length information is a val-
ue of an amount of time from an output time of a last
packet of the preceding data stream to a time at which
a first packet of the corresponding data stream to be
seamlessly reproduced must be output.
[0069] Preferably, the first processor converts the
original arrival time information of the first packet data
of the corresponding data stream into the reference time
and adds a value of the offset information to values of
the original arrival time information of the rest packet
data of the corresponding data stream to provide the
modified arrival time information.
[0070] Preferably, the first processor adds a value of
the offset information to a value of the arrival time infor-
mation of a first packet of the corresponding data stream
and, thereafter, adds the value of the offset information
to values of the original arrival time information of the
other packet data of the corresponding data stream to
provide the modified arrival time information.
[0071] Preferably, the first processor adds a value of
the gap length information to a value of the original ar-
rival time information of a last packet data of the preced-
ing data stream to provide the control signal indicating
the time when the counter is to be reset.
[0072] Preferably, the second processor ignores the
reference time, offset information and/or gap length in-
formation and outputs the data stream recorded in the
first area of the recording medium based on the original

arrival time information, when the seamless information
has a value indicating "non-seamless playback".
[0073] For a better understanding of the invention,
and to show how embodiments of the same may be car-
ried into effect, reference will now be made, by way of
example, to the accompanying diagrammatic drawings
in which:

Figure 1 shows the basic form of recorded data,
which is composed of input packet data and its ar-
rival time information, and the conceptional relation
between the recorded data and data output time in-
tervals during playback;

Figure 2 is a block diagram showing a recording and
playback apparatus for the packet data shown in
Figure 1;

Figure 3 is a view for explaining an example of a
conventional method for reproducing two data
streams (stream objects (SOBs));

Figures 4A, 4B and 4C are views for explaining an-
other example of a conventional method for repro-
ducing at least two SOBs;

Figures 5A, 5B and 5C are views for showing an
example of seamless playback between two SOBs
when seamless information according to the
present invention indicates "seamless playback";

Figure 6 is a view for showing an example of dis-
continuous playback between two SOBs when
seamless information according to the present in-
vention indicates "non-seamless playback";

Figure 7 shows an example of the structure of data
stream information (SOB information (SOBI)) ac-
cording to the present invention;

Figure 8 is a block diagram of a recording/editing
apparatus according to an embodiment of the
present invention;

Figure 9 is a block diagram of a playback apparatus
according to an embodiment of the present inven-
tion;

Figures 10A through 20D show correlation among
an arrival time stamp (ATS), a program clock refer-
ence signal (PCR) value and a presentation time
stamp (PTS) in moving picture experts group-trans-
port stream (MPEG-TS) data and a method for ob-
taining an offset according to the present invention;
and

Figure 11 is a view for explaining correlation among
a reference time, an offset value and a gap length
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value during seamless playback according to the
present invention, and their relation with a counter
value.

[0074] The present invention relates to a method for
generating additional information while recording data
streams composed of packet data, a recording medium
for storing the generated additional information along
with the data streams, a recording apparatus for record-
ing the additional information along with the data
streams, an editing apparatus for updating the addition-
al information to guarantee seamless playback after ed-
iting, and a playback apparatus for performing seamless
playback based on the additional information. In de-
scribing packet data in the present invention, for illus-
trative purpose, an input data stream is assumed to be
in an MPEG2-TS format. Meanwhile, since the present
invention guarantees accurate transfer timing at bound-
aries between data streams for seamless playback, the
present invention can be referred to as "seamless trans-
fer" for seamless playback. The seamless transfer is es-
sential to seamlessly reproduce data streams com-
posed of packet data.
[0075] Figure 5A shows two data streams in a case
where seamless information according to the present in-
vention indicates "seamless playback". In the present
invention, information on data streams is separately cre-
ated for each data stream and used for seamless play-
back of the data streams. The information on each data
stream is referred to as "data stream information", that
is, stream object information (SOBI). The SOBI includes
seamless information, which indicates whether seam-
less playback is to be performed, and seamless time
control information, which includes a reference time
(RT), an offset value and/or a gap length value used dur-
ing seamless playback.
[0076] The seamless information indicates whether
seamless playback between two data streams, SOB 1
and SOB 2, is to be guaranteed, that is, whether the
seamless time control information (RT/offset/gap
length) is to be used. The seamless information may be
represented by a one bit flag in the simplest form or may
be implied by the value of the seamless time control in-
formation without a particular form of information. For
example, if the values of the seamless time control in-
formation are all "0", non-seamless playback is implied.
If not, seamless playback is implied. In addition, when
seamless playback can be performed without the seam-
less time control information, just the seamless informa-
tion may be used to indicate whether seamless playback
is guaranteed for corresponding data streams.
[0077] In playback, when the seamless information in-
dicates "seamless playback", after reproducing the pre-
ceding data stream, SOB 1, a playback apparatus mod-
ifies the values of ATSs of the succeeding data stream,
SOB 2, based on the seamless time control information
(RT/offset/gap length) and reads the properly modified
values so as to reproduce SOB 2. The values of RT/

offset/gap length are used to sequentially continue
ATSs when seamlessly reproducing SOB 1 and SOB 2.
The correlation among the three values is expressed as
follows:

[0078] For example, when the count value of a coun-
ter is maintained, i.e., not reset, after completing the
playback of SOB 1, an output time of the first packet of
the SOB 2 may be determined based on the RT which
indicates a time when the first packet of SOB 2 must be
output. Alternately, assuming that the difference be-
tween the original value of the ATS of the first packet of
SOB 2 and a modified value of the ATS is an offset, the
time when the first packet of the SOB 2 must be output
is determined based on the offset value. The offset value
may be a positive or negative number. Thereafter, the
offset value is added to the original values of the ATSs
of the packets in SOB 2 so that the original values of the
ATSs are modified into new values. Alternately, when
the count value of the counter is reset after the comple-
tion of the playback of the SOB 1, the value of the gap
length from the completion of output of the last packet
of the SOB 1 to the start point of the output of the first
packet of the SOB 2, may be used. No matter which of
the three values of the seamless time control informa-
tion is used, the same output time is obtained for the first
packet of the SOB 2.
[0079] In Figure 5B, the first packet of SOB 2 is output
at the time 1000 while counting operation is maintained,
i.e., the counter is not reset, after completing output of
the SOB 1. In Figure 5C, immediately after the value of
a gap length, 10, has passed since the arrival time 990
of the last packet of SOB 1, the value of the counter is
reset to the value of an arrival time of the first packet of
SOB 2. Thereafter, the SOB 2 is output according to its
ATSs as they are. In the playback methods shown in
Figures 5B and 5C, the packet data of SOB 2 is output
at the same output time.
[0080] Figure 6 is a view for explaining discontinuous
playback between two data streams when seamless in-
formation according to the present invention indicates
"non-seamless playback". When seamless information
indicates "non-seamless playback", after completing
output of a preceding data stream, SOB 1, a counter is
reset to the value of the ATS of the first packet of a suc-
ceeding data stream SOB 2 and playback of the SOB 2
is performed. Accordingly, the playback is temporarily
stopped for an arbitrary amount of time as in the con-
ventional method shown in Figure 3. In this situation,
seamless time control information (RT/offset/gap
length) is ignored. Even if the values of RT/offset/gap
length have been stored as the seamless time control

Offset = RT - ATS of first packet of SOB 2

Gap length = RT - ATS of last packet of SOB 1.
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information, the values are neglected.
[0081] Figure 7 shows an example of the structure of
SOBI according to the present invention. SOBI, which
is an important feature of the present invention, includes
seamless information and seamless time control infor-
mation. The seamless information may indicate "seam-
less playback" or "non-seamless playback". The seam-
less time control information includes a RT, an offset val-
ue and/or a gap length value.
[0082] The seamless time control information (RT/off-
set/gap length) is used only when the seamless infor-
mation has a value indicating "seamless playback". In
other words, when sequentially reproducing two data
streams, SOB 1 and SOB 2, the seamless time control
information is used for indicating an accurate output
time of SOB 2 for the purpose of guaranteeing seamless
playback at the boundary between the SOB 1 and the
SOB 2. For example, when the counting operation of a
counter, which has performed the counting operation
during the playback of SOB 1, is to be maintained during
playback of SOB 2, a time at which the first packet of
the SOB 2 must be output, that is, a RT, is used, or a
value (offset) of the difference between an ATS corre-
sponding to the RT and an original ATS of the first packet
of SOB 2 is used to determine the accurate output time
of SOB 2. Alternately, a gap length, which indicates a
time interval from a time when the last packet of SOB 1
is output through a time when the counter is reset to an
arrival time of the first packet of SOB 2, may be used.
[0083] Figure 8 is a block diagram of a recording/ed-
iting apparatus according to an embodiment of the
present invention. The recording/editing apparatus in-
cludes a controller 202; a counter 204 driven by a sys-
tem clock signal; an ATS generator 206 for receiving
packet data and adding an ATS to the received packet
data; an SOBI generator 208; and a recording controller
210 for recording the received packet data to which the
ATS has been added and an SOBI generated by the SO-
BI generator 208, in a recording medium 212. The SOBI
generator 208 generates SOBI for guaranteeing seam-
less playback of SOBs which are recorded with added
ATSs. The SOBI generator 208 can be implemented in
the form of software operating in the controller 202.
[0084] During recording, the controller 202 resets the
counter 204 when starting the recording. Thereafter,
packet data is received and recorded. At the time when
packet data is received, the ATS generator 206 estab-
lishes the count value of the counter 204 as the ATS of
the corresponding packet data and adds the ATS to the
packet data. The packet data with the added ATS is
stored in the recording medium 212 via the recording
controller 210. Other additional information may be re-
corded together with the packet data and ATS to comply
with the characteristics of a recording medium.
[0085] For example, when the characteristics of a re-
cording medium require the management of data in
units of 2048 bytes (a pack), to record packet data with
an ATS while complying with the characteristics of the

recording medium, extra header data will be added and
recorded. For clarity, extra header data other than the
ATS will not be presented in the description of the
present invention. Meanwhile, for use in personal com-
puters, a plurality of recorded SOBs may be all com-
bined into a single file or they may be individually made
into a plurality of files.
[0086] As shown in Figure 7, the SOBI generator 208
generates SOBI including seamless information and
seamless time control information having a RT, an offset
value and/or a gap length value. At the end of recording,
under the control of the controller 202, the recording of
a packet data stream to which ATSs have been added
is terminated and SOBI, which is generated by the SOBI
generator 208, is recorded on the recording medium
212. In the recording medium 212, the area in which the
SOB is recorded is named a first area, and the area in
which the SOBI is recorded is named a second area.
[0087] In short, during a recording operation, the SO-
BI generator 208 generates SOBI and records it in a re-
cording medium along with a corresponding SOB.
Thereafter, editing may be performed using an editing
apparatus and SOBI may be modified to guarantee
seamless playback. The editing apparatus has the
same structure as the recording apparatus. The SOBI
generator corresponds to a SOBI updator in the editing
apparatus. After editing by the editing apparatus, the
SOBI updator analyzes the data stream information and
updates seamless time control information so that data
at either side of the boundary between data streams, at
which seamless playback is not guaranteed, can be
seamlessly played back. The recording controller 210
corresponds to an editing controller in the editing appa-
ratus. The editing controller performs control such that
edited data streams are recorded in a first area of a re-
cording medium and updated data stream information
is recorded in a second area of the recording medium.
[0088] Figure 9 is a block diagram of a playback ap-
paratus according to an embodiment of the present in-
vention. The playback apparatus includes a controller
302; a counter 304 which is driven by a system clock
signal; a playback controller 308 for reading SOBs and
SOBI corresponding to the SOBs, from a recording me-
dium 306; an SOBI processor 310, which reads the SO-
BI from the playback controller 308 and determines the
value of the ATS of the first packet of a succeeding SOB
to allow seamless playback at the boundaries between
current and succeeding SOBs or control a time at which
the counter 304 is reset; and an ATS processor 312. The
SOBI processor 310 and the ATS processor 312 can be
referred to as a first processor and a second processor,
respectively. The SOBI processor 310 can be imple-
mented in the form of software which is installed in the
controller 302.
[0089] More specifically, during playback, SOBs
which have been recorded in a recording medium are
sequentially read. Read packet data to which ATSs have
been added is provided to the ATS processor 312. The

15 16



EP 1 014 370 A2

11

5

10

15

20

25

30

35

40

45

50

55

ATS processor 312 resets the counter 304 to a value of
the ATS of packet data which is first received and, si-
multaneously, outputs the corresponding first packet da-
ta. Thereafter, the ATS processor 312 compares the val-
ues of the ATSs of packet data with the count value of
the counter 304 and outputs a corresponding packet da-
ta when the count value is equal to the value of the ATS
of the corresponding packet data.
[0090] Once output of a single SOB is completed, the
SOBI processor 310 reads the SOBI of a succeeding
SOB. When it is determined from seamless information
and seamless time control information that a value indi-
cating "seamless playback" has been established, as
described in Figures 5B and 5C, the SOBI processor
310 determines a time when the first packet data of the
succeeding SOB is to be output or a time at which the
counter 304 is to be reset, using the seamless time con-
trol information, and then provides the determined time
to the controller 302 and the ATS processor 312. The
controller 302 performs control to output the first packet
data of the succeeding SOB at the time which is deter-
mined according to the seamless time control informa-
tion, as described above, while resetting the counter 304
to a particular time or maintaining the operation of the
counter 304. Alternately, when it is determined that a
value indicating "non-seamless playback" has been es-
tablished, as described in Figure 6, the seamless time
control information is ignored.
[0091] Figures 10A through 10D show how to accu-
rately derive seamless time control information (RT) in
a data stream which is coded in an MPEG-TS, MPEG-
1 or MPEG-2 format. Figure 10A shows the form of pro-
grams, which are recorded by a recording/playback ap-
paratus, based on ATSs and packets. According to the
MPEG-TS structure, each packet has a program clock
reference (PCR) value and a presentation time stamp
(PTS) value. The PCR value is a value which the counter
has at the moment when a packet is input to the buffer
of a receiving party having a decoder and is conception-
ally the same as an ATS value. However, while a PCR
value is contained in packet data and every packet does
not have a PCR value, an ATS value is externally added
to packet data and usually added to every packet.
[0092] ATS and PCR, which are respectively shown
in Figures 10B and 10C, are information indicating ar-
rival times so that the ATS values and the PCR values
are in a one-to-one correspondence in predetermined
time intervals δ in a single SOB when a clock signal used
for generating ATS values is synchronized with MPEG-
TS coded data. PTS values shown in Figure 10D are
also values which are used in the MPEG-TS coded data.
For example, a PTS value indicates a time when a single
picture is to be presented. Generally, a single picture is
composed of a plurality of packet data. The PTS of the
picture is embedded in a packet including the start of
the corresponding picture data and has a value which
is slightly behind the PCR value of the corresponding
packet.

[0093] When seamless time control information for
guaranteeing seamless playback of two SOBs is to be
obtained, primarily, the meaning of seamless playback
must be defined. In a case of reproducing MPEG video
data, seamless playback means that a last picture P1
of a preceding data stream, SOB 1, must be immediately
followed by a first picture P2 of a succeeding data
stream, SOB 2, so that the picture P2 can be sequen-
tially output following the picture P1. A new PTS of the
picture P2 can be obtained by adding a duration of one
frame of the picture P1 to the PTS of the picture P1.
Assuming that the difference between the PTS of the
picture P2 and the PCR of the first packet of the SOB 2
is represented by ∆, a new PCR of the picture P2 must
arrive at the buffer of the receiving party in advance of
the new PTS of the picture P2, by an amount of time ∆.
Accordingly, the value (4000 in Figure 10C) of the new
PCR of the picture P2 can be obtained.
[0094] Since PCR values and ATS values are in a
one-to-one correspondence in the predetermined inter-
vals δ in SOB 1, a new value of the ATS of the first packet
of SOB 2 can be obtained from the new PCR of the pic-
ture P2 and the value δ, that is, the new value of the first
ATS of SOB 2 is obtained by adding the value δ to the
value of the new PCR of the picture P2. The new value
of the first ATS of SOB 2 is a counter value at which the
first packet data of the SOB 2 is to be output to sequen-
tially output the picture P2, when the counting operation
of the counter 304 is maintained after the last packet
data of SOB 1 is output. The counter value correspond-
ing to the new value of the first ATS of the SOB 2 is
referred to as a RT in this description. An offset value is
a value of the difference between the RT and the value
of the ATS of the first packet of SOB 2. A gap length
value is a value of the difference between the RT and a
value of the ATS of the last packet of SOB 1. Just one
value among the RT, offset and gap length values may
be used to derive the other values.
[0095] Figures 10A through 10D show the simplest
method of obtaining an offset value. Actually, to obtain
an offset value, as well as the temporal relations in play-
back operation, a buffer condition should be considered
because the coded data must sometimes be re-encod-
ed according to the buffer condition. In a case where
SOBIs for guaranteeing seamless playback between
SOBs have been written during recording, in a method
in which a counter is not reset during playback, the
counting operation of the counter is maintained after re-
producing a SOB; an offset value contained in SOBI cor-
responding to a succeeding SOB is added to original
values of ATSs of the corresponding, succeeding SOB;
and the new values of the ATSs of the succeeding SOB
are used for seamless playback between the two SOBs.
Alternately, in a method in which a counter is reset dur-
ing playback, the counter is reset between SOBs based
on a gap length value.
[0096] Figure 11 is a view for explaining the correla-
tion among a RT, an offset and a gap length to give un-
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derstanding of the present invention. In Figure 11, the
horizontal direction indicates file areas of SOBs and the
vertical direction indicates ATSs which are added to
packet data. A counter trace without reset and a counter
trace with reset are also illustrated.
[0097] As shown in Figure 11, after outputting a first
data stream, SOB 1, without reset of a counter, an offset
(=1005-10=995 in Figure 11) is added to original ATSs
of a second data stream, SOB 2, so as to perform seam-
less playback of SOB 2. Alternately, a counter is reset
to a value of the ATS of the first packet of SOB 2 at a
RT which is later than an ATS of the last packet of the
SOB 1 by a gap length (=1005-1000=5 in Figure 11) so
as to perform seamless playback of SOB 2.
[0098] In the above description, a recording/editing
apparatus and a playback apparatus are separately im-
plemented as shown in Figure 8 and Figure 9, respec-
tively. However, the present invention may be applied to
a recording and playback apparatus in which all the el-
ements depicted in Figures 8 and 9 are included and a
counter, which is driven by a system clock signal, and a
controller are used in common.
[0099] According to the present invention, data
streams can be seamlessly reproduced without inter-
ruption between the data streams by using data stream
information which includes seamless information and/or
seamless time control information (RT/offset/gap
length). Particularly, by using the information structure
according to the present invention, even if data streams
are edited, the data streams can be seamlessly repro-
duced in such a simple manner of just modifying data
stream information, instead of directly rewriting or mod-
ifying ATSs, which are added to packet data.
[0100] The reader's attention is directed to all papers
and documents which are filed concurrently with or pre-
vious to this specification in connection with this appli-
cation and which are open to public inspection with this
specification, and the contents of all such papers and
documents are incorporated herein by reference.
[0101] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.
[0102] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings), may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0103] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extend to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-

od or process so disclosed.

Claims

1. A method for generating additional information for
guaranteeing seamless playback, the method com-
prising a step of generating data stream information
for each of two or more data streams comprising
packet data to which information on an arrival time
of the respective packet data is added, the data
stream information comprising seamless playback
information, which indicates whether a correspond-
ing data stream is to be seamlessly reproduced af-
ter playback of a preceding data stream, and/or
seamless time control information for controlling an
output time of the corresponding data stream to be
seamlessly reproduced.

2. A recording medium comprising:

a first area including a plurality of data streams
composed of packet data to which information
on the arrival time of the respective packet data
is added; and

a second area including data stream informa-
tion comprising seamless information, which in-
dicates whether a corresponding data stream
is to be seamlessly reproduced after playback
of a preceding data stream, and/or seamless
time control information for controlling an out-
put time of the corresponding data stream to be
seamlessly reproduced.

3. A recording apparatus comprising:

an arrival time information generator for adding
arrival time information on an arrival time of in-
put packet data to each input packet data;

a data stream information generator for gener-
ating data stream information for each of two or
more data streams comprising the packet data
to which the arrival time information of the re-
spective packet data is added, the data stream
information comprising seamless playback in-
formation, which indicates whether a corre-
sponding data stream to be seamlessly repro-
duced after playback of a preceding data
stream, and/or seamless time control informa-
tion for controlling an output time of the corre-
sponding data stream to be seamlessly repro-
duced; and

a recording controller for performing control
such that the data stream is recorded in a first
area of a recording medium and the data
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stream information is recorded in a second area
of the recording medium.

4. An editing apparatus for editing data recorded in a
recording medium comprising a first area including
a plurality of data streams composed of packet data
to which information on the arrival time of the re-
spective packet data is added; and a second area
including data stream information comprising
seamless information, which indicates whether a
corresponding data stream is to be seamlessly re-
produced after playback of a preceding data
stream, and/or seamless time control information
for controlling an output time of the corresponding
data stream to be seamlessly reproduced, the edit-
ing apparatus comprising:

a data information updator for, after editing by
the editing apparatus, analyzing the data
stream information and updating the seamless
time control information so that data at either
side of the boundary between data streams, at
which seamless playback is not guaranteed,
can be seamlessly played back; and

an editing controller for performing control such
that edited data streams are recorded in a first
area of the recording medium and updated data
stream information is recorded in a second area
of the recording medium.

5. A playback apparatus for reproducing data record-
ed in a recording medium comprising a first area
including a plurality of data streams composed of
packet data to which information on the arrival time
of the respective packet data is added; and a sec-
ond area including data stream information com-
prising seamless information, which indicates
whether a corresponding data stream is to be seam-
lessly reproduced after playback of a preceding da-
ta stream, and/or seamless time control information
for controlling an output time of the corresponding
data stream to be seamlessly reproduced, the play-
back apparatus comprising:

a playback controller for reproducing the data
streams and data stream information which are
recorded in the recording medium;

a counter which is driven by a system clock sig-
nal and reset according to arrival time informa-
tion which has been added to a packet that is
first reproduced by the playback controller;

a first processor for modifying original arrival
time information of a corresponding data
stream to be seamlessly reproduced so as to
provide modified arrival time information or for

providing a control signal indicating a time
when the counter is to be reset, based on data
stream information provided from the playback
controller; and

a second processor for controlling output by re-
moving the original arrival time information
which is added to the packet data in the corre-
sponding data stream, which is provided from
the playback controller, in response to an out-
put of the first processor.

6. A recording and playback apparatus comprising:

an arrival time information generator for adding
arrival time information on an arrival time of in-
put packet data to each input packet data;

a data stream information generator for gener-
ating data stream information for each of two or
more data streams comprising the packet data
to which the arrival time information of the re-
spective packet data is added, the data stream
information comprising seamless playback in-
formation, which indicates whether a corre-
sponding data stream to be seamlessly repro-
duced after playback of a preceding data
stream, and/or seamless time control informa-
tion for controlling an output time of the corre-
sponding data stream to be seamlessly repro-
duced;

a recording controller for performing control
such that the data stream is recorded in a first
area of a recording medium and the data
stream information is recorded in a second area
of the recording medium;

a playback controller for reproducing the data
streams and data stream information which are
recorded in the recording medium;

a counter which is driven by a system clock sig-
nal, the counter being reset at the moment
when each data stream is input and performing
counting operation to provide a count value to
the arrival time information generator, during
recording, the counter being reset according to
arrival time information which is added to a
packet which is first reproduced by the play-
back controller, during playback;

a first processor for modifying original arrival
time information of a corresponding data
stream to be seamlessly reproduced so as to
provide modified arrival time information or for
providing a control signal indicating a time
when the counter is to be reset, based on data
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stream information provided from the playback
controller; and

a second processor for controlling output by re-
moving the original arrival time information
which is added to the packet data in the corre-
sponding data stream, which is provided from
the playback controller, in response to an out-
put of the first processor.

7. The method of claim 1, the recording medium of
claim 2, the recording apparatus of claim 3, the ed-
iting apparatus of claim 4, the playback apparatus
of claim 5, or the recording and playback apparatus
of claim 6, wherein the seamless time control infor-
mation comprises a reference time, offset informa-
tion and/or gap length information.

8. The method, recording medium, recording appara-
tus, editing apparatus or recording and playback
apparatus of claim 7, wherein the reference time is
obtained based on arrival times of packet data of
the preceding data stream and indicates an output
time of a first packet data of the corresponding data
stream to be seamlessly reproduced.

9. The method, recording medium, recording appara-
tus, editing apparatus or recording and playback
apparatus of claim 7, wherein the offset information
is obtained based on arrival times of packet data of
the preceding data stream and is a value of the dif-
ference between an original arrival time of a first
packet of the corresponding data stream to be
seamlessly reproduced and the output time of the
first packet of the corresponding data stream.

10. The method, recording medium, recording appara-
tus, editing apparatus or recording and playback
apparatus of claim 7, wherein the gap length infor-
mation is a value of an amount of time from an out-
put time of a last packet of the preceding data
stream to a time at which a first packet of the cor-
responding data stream to be seamlessly repro-
duced must be output.

11. The method of claim 1, the recording medium of
claim 2, the recording apparatus of claim 3, or the
recording and playback apparatus of claim 6,
wherein the seamless time control information is
valid only when the seamless information has a val-
ue indicating "seamless playback".

12. The method of claim 1 or the recording medium of
claim 2, wherein each of the data streams compris-
es a plurality of packs, each pack which comprises
the predetermined number of packet data to which
information on the arrival time of the respective
packet data is added, and an extra header which is

added to the packet data with arrival time informa-
tion.

13. The recording apparatus of claim 3, the editing ap-
paratus of claim 4, the playback apparatus of claim
5, or the recording and playback apparatus of claim
6, wherein each of the data streams in the first area
comprises a plurality of packs, each pack which
comprises the predetermined number of packet da-
ta to which information on the arrival time of the re-
spective packet data is added, and an extra header
which is added to the packet data with arrival time
information.

14. The recording apparatus of claim 3, further compris-
ing a counter which is driven by a system clock sig-
nal and reset at the moment when a first packet of
each data stream is input, for performing counting
operation and providing a count value to the arrival
time information generator.

15. The playback apparatus of claim 5 or the recording
and playback apparatus of claim 6, wherein, when
reproducing the corresponding data stream to be
seamlessly reproduced without reset of the counter,
the second processor controls output by removing
the original arrival time information when the mod-
ified arrival time information is identical to the orig-
inal arrival time information which has been added
to the packet data, and, when reproducing the cor-
responding data stream to be seamlessly repro-
duced with reset of the counter, the second proces-
sor controls output by resetting the counter to a val-
ue of the arrival time information of a first packet
data of the corresponding data stream in response
to the control signal and removing the original arriv-
al time information when the output of the counter
is identical to the original arrival time information
which is added to the packet data.

16. The playback apparatus of claim 7 or the recording
and playback apparatus of claim 7, wherein the first
processor converts the original arrival time informa-
tion of the first packet data of the corresponding da-
ta stream into the reference time and adds a value
of the offset information to values of the original ar-
rival time information of the rest packet data of the
corresponding data stream to provide the modified
arrival time information.

17. The playback apparatus or the recording and play-
back apparatus of claim 7, wherein the first proces-
sor adds a value of the offset information to a value
of the arrival time information of a first packet of the
corresponding data stream and, thereafter, adds
the value of the offset information to values of the
original arrival time information of the other packet
data of the corresponding data stream to provide
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the modified arrival time information.

18. The playback apparatus or the recording and play-
back apparatus of claim 7, wherein the first proces-
sor adds a value of the gap length information to a
value of the original arrival time information of a last
packet data of the preceding data stream to provide
the control signal indicating the time when the coun-
ter is to be reset.

19. The playback apparatus or the recording and play-
back apparatus of claim 7, wherein the second
processor ignores the reference time, offset infor-
mation and/or gap length information and outputs
the data stream recorded in the first area of the re-
cording medium based on the original arrival time
information, when the seamless information has a
value indicating "non-seamless playback".
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