
PHNL031076 PCT/IB2004/051562 1 Record carrier carrying
a video signal and at least one additional information
signal The invention relates to record carrier
carrying a video signal and at least one additional
information signal, the at least one additional
information signal being meant for being reproduced
simultaneously with said video signal. The invention
further relates to an apparatus for reproducing a
video signal and at least one additional information
signal recorded on such a record carrier, the
apparatus comprising: reading means for reading parts
of the video signal and the at least one additional
information signal from said record carrier for
supplying said signals to corresponding buffering
means; - first buffer means for buffering the parts of
the video signal read from the record carrier; second
buffer means for buffering the parts of the at least
one additional information signal read from the record
carrier; signal processing means for processing the
parts of said video signal and parts of the at least
one additional information signal supplied by first
and second buffer means, respectively, so as to obtain
at least one output signal. The invention further
relates to a method of recording a video signal and at
least one additional information signal on a record
carrier, the at least one additional information
signal being meant for being reproduced simultaneously
with said video signal. A record carrier and apparatus
as defined above are commonly known, for example discs
according to the DVD standard and a DVD player. In the
current systems all the elementary streams are
multiplexed in the Main multiplex. This has the
advantage that they are read at the right moment and
that the buffering can be minimized. However, the
total bit rate of the main multiplex stream becomes
high. For example, if a disc supports auxiliary audio
and subtitles for different languages, an additional
elementary streams have to be added to the main
multiplex for all the supported auxiliary audio and
subtitles. During reproduction the entire main
multiplex is read from the disc and only the selected
additional streams are used for simultaneous
reproduction with the video signal. The apparatus
shouldPHNL031076 PCT/IB2004/051562 



2 be capable of reading the main multiplex having the
high bit rate. The reading means of such apparatuses
must have a greater bandwidth than the bandwidth
needed to read only the video stream and requested
elementary streams. Furthermore, the main stream has
to be remultiplexed during the authoring process, this
is the process in which the additional information
signals are added to the main stream. This is a
complicated operation, which could have an impact on
the video signal, as the video signal has to be
processed. Furthermore, auxiliary audio and subtitles
are made for specific regions. So prior to making a
record carrier with one main multiplex, all elementary
streams have to be available, as it is not possible to
add an additional information signal after the main
multiplex has been generated. It is an object of the
invention to provide a recording medium carrying a
video signal and at least one additional information
signal that can be composed more easily. Furthermore,
it is an object of the invention to provide an
reproducing apparatus which reduces the required
bandwidth of the reading means to be able to read from
the record carrier both the video signal and required
additional information signal. The record carrier in
accordance with the invention is characterized in that
the record carrier further carries scheduling
information indicating in which order parts of the at
least one additional information signal or video
signal have to be read from said record carrier. An
apparatus for reproducing a video signal and at least
one additional information signal in accordance with
the invention is characterized in that the reading
means are further adapted to read scheduling
information from said record carrier, the scheduling
information indicating in which order parts of the at
least one additional information signal or video
signal have to be read from said record carrier, and
the apparatus further comprises scheduling means for
controlling the reading means so as to read parts of
the at least one information signal or video signal
and to supply the parts read to the corresponding
buffering means in dependence on the scheduling
information. The invention is based on the following
recognition. Normally, film makers make a film in one
language. The video signal is normally an MPEG signal.
However, the 



video signal could be any signal that can be visually
represented, such as graphics, a picture, a moving
picture, an image, or an icon. Additional languages
and/or subtitles are added by means of authoring
tools. Preferably, the received video signal is
recorded unaltered on thePHNL031076 PCT/IB2004/051562
3 record carrier. If the video signal has to be
altered, this may introduce errors in the MPEG signal.
Therefore, the additional signals are stored
separately from the original video signal, i.e. in
different files or streams. During reproduction both
the video signal and the additional signal have to be
reproduced simultaneously and synchronously. If at
least either the video signal or the additional
information signal has a variable bit rate, or both,
the apparatus has to know when parts of the video
signal and additional signal have to be read from the
record carrier so as to avoid a buffer underflow or
overflow in the decoding buffers. However, the order
in which the parts have to be read is not fixed. It is
important that there is no buffer underflow or
overflow. As the video signal and the additional
signal are placed in different locations, jumps of the
reading means are needed to read subsequent parts of
the video signal and the additional information
signal. Some time intervals during reproduction are
more suited to jumps than others. Suitable time
intervals have, for example, a low bit rate or are
situated just before the reading of an extent of the
data from one of the signals or files. Furthermore,
the physical locations of the parts with respect to
each other have to be taken into account as this
determines the time needed to move the reading means
from the end location of one part to be read to the
start location of the subsequent part to be read. All
these characteristics are known during authoring of
the disc, as at that moment the layout of the disc is
made. The authoring tools are able to determine in
which order parts of the video signal and the
additional information signal have to be read from the
record carrier so as to avoid both a buffer underflow
and overflow. Normally a buffer overflow is avoided by
postponing the reading of a part of a signal until
there is enough space available in the buffer for
storing the part to be read. However, the fullness of
the other buffers is not monitored during waiting. It
will take a long time before enough space is available
to store a next part of the signal in the buffer if a
signal with a very low bitrate is present in the
buffer currently being monitored. One of the other
buffers could become empty during waiting, for example
as one of the other signals has a high bitrate. This
will result in a buffer underflow for the 



signal with the high bitrate. According to the
invention, scheduling information is available on the
record carrier. The scheduling information indicates
in which order parts of the respective files or
signals have to be read from the record carrier. By
taking at least into account the bitrate and location
of the signals on the record carrier, such scheduling
information can be made available during recording of
the record carrier or editing of the video signal.
Some examples of editing are audio dubbing or
combining the video signal with sub-play items. The
scheduling information can be generated during
editing. After editing, the schedulingPHNL031076
PCT/IB2004/051562 4 information is recorded on the
record carrier. It is very easy to add the scheduling
information to the main video signal and the
additional signals just by writing an additional file
comprising the scheduling information on the record
carrier because the scheduling information can be
generated at any time if the information of the
additional information signals is available and can be
added without altering the main video signal. Only the
video signal and a selection of the additional
information signals have to be read from the record
carrier during reproduction, so the bandwidth of the
reading unit can be less than if the video signal is
in a multiplex signal which comprises all the
additional information signals. Obviously, a reading
unit with less bandwidth requirement can be cheaper.
Furthermore, the use of the scheduling information
makes the scheduling very easy as the instants at
which information has to be read are determined by the
information in the scheduling information and do not
have to be determined continuously by the apparatus
through measurement of the degree of filling of the
respective buffers. These and other aspects of the
invention will be apparent from and elucidated by
means of embodiments with reference to the drawings in
which Figure 1 shows an embodiment of a record carrier
in accordance with the invention, Figure 2 shows an
embodiment of a Table comprising scheduling
information, Figure 3 shows an reproducing apparatus
in accordance with the invention, Figure 4
schematically shows the functioning of the apparatus,
Figure 5a and 5b show schematically three files and
the corresponding 



locations on a record carrier, Figure 6 shows an
example of the degree of filling of three buffers and
the corresponding scheduling of the read process.
Figure 1 schematically shows a first embodiment of a
record carrier 2 in accordance with the invention. The
record carrier is preferably in the form of an optical
disc. However, a solid-state memory or flash memory
could also be used if the memory capacity is enough to
store all the necessary information. A stream file 4
is stored on the record carrier. The stream file
comprises the Video/Audio of the main stream and the
scheduling information. Furthermore, at least one of
the following files are written on the record
carrier:PHNL031076 PCT/IB2004/051562 5 Aux-Audio file
6 containing audio in one other language, a subtitle
file 8 containing the subtitles for another language,
and a still picture file containing pictures for menus
or pictures to be combined with the video signal, for
example by overlaying. The files are split into file
extents. Each file extent is contiguously written in
the addressing space of the record carrier. The file
extents of a file are distributed in the logical
volume of the record carrier. It is not necessary that
the file extents of one file are written contiguously
on the record carrier. The scheduling information is
stored in separate files on the record carrier. A
specific file will be stored for each combination of
video and additional information signal. For example,
if the producer of the disc offers the possibility the
see the original video signal spoken in English with
optional audio in Dutch and German, a scheduling
information file has to be available for the
combination of video and Dutch as well as a scheduling
information file for the combination of video and
German. The same has to be done if subtitles in
different languages are offered. The scheduling
information may be in the form of a Table. Figure 2
shows an embodiment of such a Table comprising
scheduling information. Each entry in the Table
comprises a field indicating at what time a part of a
file or file extent has to be read. The time value in
said time field is derived from the System Time Clock
(STC) of the MPEG Multiplex stream. Furthermore, an
entry comprises a field indicating which file or file
extent has to be read and a field indicating the start
address of the part to be read. The start address may
be an address in a file, normally the byte number in a
file, or the physical start address 



on the record carrier, normally represented as a
logical block number. If the parts to be read do not
have a fixed size, each entry comprises a field
indicating the amount of data to be read. The amount
may be the number of logical blocks to be read or the
number of bytes. An apparatus 30 in accordance to the
invention is shown in Figure 3. The apparatus
comprises a reading unit for reading the video signal,
scheduling information, and the additional information
signals from a record carrier 32. The record carrier
is an optical disc in the embodiment. The video signal
is in the form of an MPEG transport stream. Such a
transport stream comprises a video signal and a
corresponding audio signal. Additional information
signals may be ASCII files, MPEG-2 audio files, or
JPEG-files. An ASCII file comprises the subtitling in
a specific language. An ASCII file is written on the
record carrier for each language. A MPEG-2 audio file
comprises an audio stream for a specific language. The
JPEG-file contains sub-pictures for combining with the
video signal. The video signal and additional signals
read are supplied to the respective buffers 33, 34,
35. The buffers perform a first in first out function.
The outputs of thePHNL031076 PCT/IB2004/051562 buffers
are connected to a processing unit 36. The processing
unit is adapted to reproduce the signals supplied by
the buffers simultaneously so as to obtain a video
signal and an audio signal, and possibly other
signals, for example to control the ambience of the
user. The video and audio signals are supplied to the
respective outputs 37, 38. The apparatus further
comprises a scheduling unit 39. The scheduling unit is
adapted to retrieve the scheduling information and to
control the reading unit . The scheduling unit has an
input for retrieving time information from the main
video stream in order to be able to determine the time
when a part of the signals has to be read. The
scheduling unit performs the following function. First
it retrieves the scheduling information. The
scheduling information is preferably in the form of a
Table. Then it retrieves the first entry of the Table.
This entry indicates when and from which file a part
has to be read. Furthermore, the entry indicates where
in the file or where physically on the disc the part
is located and what amount of data has to be read. The
apparatus retrieves the system time clock from the
main multiplex stream in order to determine the time
that a new part has to be read. The scheduling unit
compares the system time clock with the time retrieved
from the entry read. As soon as the system time clock
has a time which is later than the entry time, the 



scheduling unit instructs the reading unit to read a
part of the signal of said entry starting at the
position indicated in the start address field and to
read the amount indicated in the amount field. Then
the scheduling unit retrieves the next entry from the
table and waits with instructing the reading unit to
read a next part until the system clock time in the
video signal is later than the time in field of the
current entry again. The scheduling information may
also be stored in a file system Table. In this case
the scheduling takes place in the File System layer.
The Table is at the beginning read by the Operating
system during the start of a Play List. Each entry of
the Table contains a first field indicating from which
file data has to be read, a second field indicating
the logical block in the file at which the reading has
to start, and a third field indicating the number of
logical blocks that have to be read starting from the
logical block indicated by the second field. The
scheduling unit is now arranged to execute a new entry
when the previous entry has been finalized. When an
entry is retrieved from the Table, the scheduling unit
monitors the free space in the buffer corresponding to
the file to be read. As soon as the free space is
larger than the amount of data to be read by this
entry, the scheduling unit instructs the reading unit
to read the part from the record carrier. The
scheduling information may be generated by the
following method. This method may be performed during
authoring of a disc as at that time the layout of the
disc isPHNL031076 PCT/IB2004/051562 7 made. First the
video signal in the form of an MPEG transport stream
is retrieved. Then the additional information signals,
which have to be reproduced simultaneously with the
video signal, are retrieved. The bitrate in time is
determined from both the video signal and the
additional information signal. The signals are divided
into parts in dependence on the bitrate. Then, for
each part of the video signal and the additional
information signal, the moment at which said part
should be available at the latest in a corresponding
buffer in a reproducing apparatus is determined so as
to avoid a buffer underflow when reproducing the video
signal and the at least one additional information
signal simultaneously. To optimize the scheduling
further, the location on the disc of the subsequent
part to be read may be taken into account. The
relatively slow movements of the optical pickup unit
may be a reason for buffer underflow. An entry in the
table of scheduling information is generated for each
part to be 



read. An entry comprises at least the file to be read,
a reference to the starting address, and the size of
the part to be read. After the scheduling information
has been made, the MPEG transport stream, the
additional signals, and the scheduling information are
written on the record carrier. Figure 4 schematically
shows the functioning of the apparatus. The reading
unit reads data from the disc with a specific playback
rate Rd. The data is supplied to the corresponding
buffer at said rate Rd. The buffer is defined by the
entry in the Table that initiated the current read
action. In Figure 4 the data is supplied to Buffer 1.
Each buffer has a corresponding leak rate. The leak
rates of buffer 1, buffer 2, and buffer 3 are denoted
Rl, R2, and R3, respectively. The leak rate of each
buffer depends on the data needed by the corresponding
application. It should be noted that the processing
unit 36 in Figure 3 processes the three application
shown in Figure 4 simultaneously. This processing may
be entirely in software. Alternatively, however, an
application may be processed by a specific piece of
hardware, for example video on a video processor,
audio on an audio processor, and graphics on a
specific graphics processor. Figure 5a schematically
shows three Files. Each file has a specific size in
bytes. The byte at the beginning of the file normally
has address number 0 and the last byte in a file has
an address that corresponds to the file size - 1. In
this way address number X - refers to the Xth byte in
a file. Figure 5b schematically shows three files and
the corresponding locations on a record carrier. A
file may be contiguous on the record carrier. In
Figure 5b, File-2 denoted 502 and File-3 denoted 503
are contiguous on the record carrier. FiIe-I is split
into two contiguous parts on the record carrier. An
address on the record carrier refers to a logical
block number (LBN) on the disc. A logical block
comprises a fixedPHNL031076 PCT/IB2004/051562 8 number
of bytes. Normally the logical block with number 0 is
at the inner side of the disc. Furthermore, the
logical blocks are numbered in ascending order. Figure
6 shows an example of the degree of filling of three
buffers and the corresponding scheduling of the read
process. At a first time t , an entry from the
scheduling table is executed. According to this entry,
the reading unit is instructed to read a part of data
from FiIe-I and to supply the part of data to Buffer-
. The Buffer- will be filled at a rate 



that corresponds to the playback rate Rd minus the
leak rate from Buffer- Rl. Simultaneously, data from
the other buffers is supplied to the corresponding
application. At a second time t , a subsequent entry
from the scheduling table is executed. According to
this entry, the reading unit is instructed to read a
part of data from File-2 and to supply the part of
data to Buffer-2. The Buffer-2 will be filled at a
rate that corresponds to the playback rate Rd minus
the leak rate from Buffer-2 R2. Simultaneously, data
from the other buffers is supplied to the
corresponding application. At a third time the
subsequent entry from the scheduling table is
executed. According to this entry, the reading unit is
instructed to read a part of data from FiIe-I and to
supply the part of data to Buffer- . The Buffer- will
be filled at a rate that corresponds to the playback
rate Rd minus the leak rate from Buffer- Rl.
Simultaneously, data from the other buffers is
supplied to the corresponding application. At a fourth
time again, a subsequent entry from the scheduling
table is executed. According to this entry, the
reading unit is instructed to read a part of data from
File-3 and to supply the part of data to Buffer-3. The
Buffer-3 will be filled at a rate that corresponds to
the playback rate Rd minus the leak rate from Buffer-3
R3. Simultaneously, data from the other buffers is
supplied to the corresponding application. It should
be noted that jumping from one location to another on
the record carrier takes time, during which no data is
read from the record carrier. In the meantime, data is
supplied from the buffers to the corresponding
applications. Therefore, the playback rate from the
record carrier Rd should be higher then the sum of the
average leak rates of the buffers. The scheduling is
carried out such that an underflow or overflow will
never occur in any of the buffers. In the presented
example, the size of the parts of data to be read of a
file is fixed for every file. For File_l, this size is
greater than the size for a part to be read of File_2
or File_3. This size may, however, be variable for a
specific file, which makes it possible to have further
reduced buffers without having under and overflow.
Though the invention was described above with
reference to preferred embodiments thereof, it is to
be understood that these are non-limitative examples.
Thus, various modifications are conceivable to those
skilled in the art without departing from
thePHNL031076 PCT/IB2004/051562 9 scope of the
invention as defined by the claims. The video signal
is a sequence of images in 



the embodiments described. However, the video signal
used in the embodiments may be any signal that can be
visually represented, such as graphics, a picture, a
moving picture, an image, or an icon. The video signal
and the additional information signals may be stored
on separate discs, for example a first disc carrying
the video signal and the scheduling information and a
second disc carrying the additional information
signals. In that case the apparatus should be adapted
to read from two discs in parallel. A disc changer
could also do this. In that case the apparatus should
know on which of the discs each of the respective
files is stored. This information may be stored in the
field indicating the file to be read. The second disc
may also be an hard disk. In this embodiment the
additional information files are first copied from a
disc or the Internet onto the hard disk. When the
files are all present, the reproduction of the video
signal can be started. The use of the verb "to
comprise" and its conjugations does not exclude the
presence of elements or steps other than those stated
in a claim. Furthermore, the use of the article "a" or
"an" preceding an element does not exclude the
presence of a plurality of such elements. In the
claims, any reference signs placed between parentheses
shall not be construed as limiting the scope of the
claims. The invention may be implemented by means of
hardware as well as software. Several "means" may be
represented by the same item of hardware. If the
invention is implemented as software, the
corresponding program may be stored on a record
carrier so as to enable a device to execute the
program and to perform the method according to the
invention. Furthermore, the invention resides in each
and every novel feature or combination of
features.PHNL031076 PCT/IB2004/051562 10 CLAIMS: .
Record carrier carrying a video signal and at least
one additional information signal, the at least one
additional information signal being meant for being
reproduced simultaneously with said video signal,
characterized in that the record carrier further
carries scheduling information indicating in which
order parts of the at least one additional information
signal or video signal have to be read from said
record carrier. 2. Record carrier as claimed in claim
, characterized in that the scheduling information is
in the form of a Table comprising entries, and each
entry comprises a first 



parameter indicating a start position of the part to
be read. 3. Record carrier as claimed in claim 2,
characterized in that each entry further comprises a
second parameter indicating the amount of data to be
read. 4. Record carrier as claimed in claim 3, the
record carrier comprising a file system, characterized
in that the scheduling information is part of the file
system information. 5. Record carrier as claimed in
claim 4, characterized in that the first parameter
refers to a logical block on the record carrier. 6.
Record carrier as claimed in claim 5, characterized in
that the second parameter relates to the number of
logical blocks to be read. 7. Record carrier as
claimed in claim 3, wherein the video signal, the at
least one additional information signal, and
scheduling information has been stored in separate
files on said record carrier, characterized in that
the first parameter refers to the relative position in
the corresponding file to be read. 8. Record carrier
as claimed in claim 7, characterized in that the
second parameter relates to the number of bytes to be
read from the corresponding file.PHNL031076
PCT/IB2004/051562 11 9. Apparatus for reproducing a
video signal and at least one additional information
signal recorded on a record carrier, the apparatus
comprising: - reading means for reading parts of the
video signal and the at least one additional
information signal from said record carrier for
supplying said signals to corresponding buffering
means; - first buffer means for buffering the parts of
the video signal read from the record carrier; second
buffer means for buffering the parts of the at least
one additional information signal read from the record
carrier; signal processing means for processing the
parts of said video signal and parts of the at least
one additional information signal supplied by first
and second buffer means, respectively, so as to obtain
at least one output signal, characterized in that the
reading means are further adapted to read scheduling
information from said record carrier, the scheduling
information indicating in which order 



parts of the at least one additional information
signal or video signal have to be read from said
record carrier, and the apparatus further comprises
scheduling means for controlling the reading means so
as to read parts of the at least one information
signal or video signal and to supply the parts read to
the corresponding buffering means in dependence on the
scheduling information. 10. Apparatus as claimed in
claim 9, characterized in that the scheduling
information is in the form of a Table comprising
entries, and each entry comprises a first parameter
indicating a start position of the part to be read,
the scheduling means being adapted to retrieve the
first parameter and to control the reading means
accordingly. . Apparatus as claimed in claim 10,
characterized in that each entry further comprises a
second parameter indicating the amount of data to be
read, the scheduling means being further adapted to
retrieve the second parameter and to control the
reading means accordingly. 12. Apparatus as claimed in
any one of the claims 9, 10, and , characterized in
that the video signal is in the form of an MPEG signal
and the signal processing means are arranged for
decoding the MPEG signal.PHNL031076 PCT/IB2004/051562
12 13. Method of recording a video signal and at least
one additional information signal on a record carrier,
the at least one additional information signal being
meant for being reproduced simultaneously with said
video signal, the method comprising the steps of: -
retrieving the video signal; - retrieving the at least
one additional information signal; - dividing the
video signal into a sequence of video signal parts; -
dividing the at least one additional information
signal into a sequence of additional information
signal parts; - writing the video signal parts and the
additional information signal parts on said record
carrier, characterized in that the method further
comprises the steps of: determining for each part of
the video signal and the additional information signal
the moment at which it should be available at the
latest in the corresponding buffer in a 



reproducing apparatus so as to avoid a buffer
underflow when reproducing the video signal and the at
least one additional information signal
simultaneously; generating scheduling information
indicating in which order the parts of the video
signal and the at least one additional information
signal have to be read from the record carrier by a
reproducing apparatus in dependence on the moments
thus determined; writing the scheduling information on
said record carrier. 14. Method of reproducing a video
signal and at least one additional information signal
recorded on a record carrier, the method comprising
the steps of: - reading apart of the video signal,
reading a part of the at least one additional
information signal from said record carrier for
supplying it to corresponding buffering means;
buffering the parts of the video signal read from the
record carrier; buffering the parts of the at least
one additional information signal read from the record
carrier; processing the parts of said video signal and
parts of the at least one additional information
signal from said first and second buffer means,
respectively, so as to obtain at least one output
signal, characterized in that the method further
comprises the steps of:PHNL031076 PCT/IB2004/051562 13
- reading scheduling information from said record
carrier, the scheduling information indicating in
which order a part of the at least one additional
information signal or video signal has to be read from
said record carrier, - controlling the reading steps
in dependence on the scheduling information. 15.
Computer program recorded on a record carrier for
enabling a computer to perform the method as claimed
in claim 14. 


