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RECORDING APPARATUS, RECORDING
PROGRAM, AND RECORDING METHOD

BACKGROUND OF THE INVENTION
[0001] (1) Field of the Invention

[0002] The present invention relates to a recording appa-
ratus, such as a hybrid type recorder, that performs a dual
function as a DVD recorder for a DVD (Digital Versatile
Disc) and an HD recorder for an HD (hard disk), as well as
to a recording program and a recording method. More
particularly, the present invention relates to an improvement
in a technique for making a backup copy of a content
recorded in one recording medium in another recording
medium.

[0003] (2) Description of the Related Art

[0004] Manufacturers of DVD recorders and HD record-
ers are now competing fiercely to develop better products to
capture the market for replacements of home use VCRs.
DVDs and HDs respectively have their merits and demerits,
and it is difficult to decide which are superior to which. For
this reason, the consumer electronics manufacturers have
started to commercially introduce hybrid type recorders that
perform a dual-function as a DVD recorder and a HD
recorder.

[0005] Internally equipped with a large-capacity HD of,
e.g., 80 gigabytes, such a hybrid type recorder is capable of
temporarily storing contents equivalent to half a day or
whole day broadcasting. The user is then selectively copies,
from the HD to a DVD, contents that are worth saving
permanently out of a number of temporarily stored contents.
With the full use of this copy function from the HD to a
DVD, a number of contents stored in the HD are easily
organized.

[0006] However, there is a problem as follows. That is,
due to the difference between an HD and a DVD in storage
capacity, there may be a case where contents can not be
copied into a DVD in the combination that the user desires.
To be more specific, consideration is give to an example in
which a user desires to copy three of the contents stored in
the HD into one DVD. In such a case, the hybrid type
recorder starts to copy the contents one by one after con-
firming that the capacity of the DVD remaining available is
sufficient to record the content. Here, it is possible that, after
storing the first two contents, the available capacity is
slightly short for recording the third content, and the record-
ing apparatus informs the user that the DVD is full. In this
case, the third content can not be recorded unless the user
has another DVD available at hand. In addition, even if the
user does have another DVD, the third content ends up being
recorded on a separate DVD from the first and the second
contents. This is especially undesirable when the three
contents are three serials that together complete one drama.
Un like when they are stored in the HD, the three contents
are separately recorded on more than one DVDs. Thus, the
three contents are no longer treated as one set of data
although they all belong to one serialized drama, which may
be frustrating for the user.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
recording apparatus capable of recording contents stored in

May 29, 2003

one recording medium to a different recording medium even
when the total size of the contents to be recorded is larger
than the capacity of the different recording medium.

[0008] The above object is achieved by a recording appa-
ratus for writing a plurality of contents stored in a first
recording medium to a second recording medium that is
smaller in capacity than the first recording medium. Each
content is obtained by encoding moving pictures. The
recording apparatus comprises a first duplicating unit oper-
able to copy at least one of the contents to the second
recording medium; and a second duplicating unit operable to
re-encode a remaining one of the contents to reduce a size
thereof, and to write the re-encoded content to the second
recording medium. A bit rate to be allocated to the remaining
content upon re-encoding is determined based on (i) a
residual capacity of the second recording medium that is left
after subtracting, from a current capacity, a size of the
content to be copied by the first duplicating unit, and (ii) a
reproduction time of the remaining content to be re-encoded
by the second duplicating unit.

[0009] The-bit rate allocated upon re-encoding is deter-
mined based on (i) the residual capacity of the second
recording medium that is left after subtracting the size of the
content to be copied from the current capacity of the second
recording medium, and (ii) reproduction time of the content
to be re-encoded. Thus, the bit rate to be allocated is a
highest bit rate that ensures the re-encoded content will have
the size recordable into the second recording medium. Since
the bit rate is not over-reduced, the image degradation
resulting from the re-encoding is minimized. When the
capacity of the second recording medium is short only
slightly, the image degradation resulting from the re-encod-
ing is also slight. Thus, the re-encoded content is recorded
in the second recording medium without noticeable image
degradation.

[0010] Note that the term “duplicate” used in this speci-
fication is to write a content stored in the first recording
medium to the second recording medium. Thus, the term
includes to “copy” a content, as well as to “re-encode and
write” a content. To “copy” a content is to duplicate the
content from the first recording medium to the second
recording medium with the same bit rate, i.e., without any
change to the content. On the other hand, to “re-encode and
write” a content is to duplicate the content without any
change to its data content but with a different bit rate.

[0011] Here, the recording apparatus may further comprise
a detecting unit operable to detect a bit rate allocated to each
of the contents stored in the first recording medium. The
remaining content to be-re-encoded by the second duplicat-
ing unit is a content whose bit rate exceeds a predetermined
indicator. The indicator is determined based on (i) the
residual capacity of the second recording medium, and (ii)
a total reproduction time of the contents stored in the first
recording medium other than the content to be copied by the
first duplicating unit.

[0012] With this construction, to be re-encoded is a high
image quality content whose original bit rate is high. Due to
its high bit rate, such a content is bulky even if the repro-
duction time is short. By selectively re-encoding such a
content, writing of contents to the second recording medium
is completed within a short time. In addition, a plurality of
contents stored in the first recording medium can be written
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to the second recording medium even when the total size of
the contents is much greater than the capacity of the second
recording medium.

[0013] Here, the recording apparatus may further com-
prise a display unit operable to display time required for
re-encoding the remaining content. The time required for
re-encoding is equal to reproduction time of the remaining
content. The recording apparatus may further comprise a
receiving unit operable to receive, after the reproduction
time is displayed, a user input instructing whether to perform
the re-encoding. The second duplicating unit performs the
re-encoding only in response to the user input instructing to
do so.

[0014] With this construction, the user is informed, prior
to re-encoding, to what extent the image quality will be
degraded. Thus, the user is allowed to intuitively recognize
to what extent the image quality will be degraded without
understanding the technical meaning of re-encoding or bit
rates. In addition, the user has an option to cancel the backup
processing being performed if the bit rate needs to be
extremely lower. Thus, the backup processing is performed
in compliance with the user’s requests.

[0015] Here, the recording apparatus may further com-
prise a receiving unit operable to receive a user input
specifying a content, among the plurality of contents stored
in the first recording medium, to be recorded without any
image degradation. The content to be copied by the first
duplicating unit is the user-specified content. The remaining
content to be re-encoded by the second duplicating unit is a
content other than the user-specified content.

[0016] With this construction, the user is informed, prior
to re-encoding, of the time required for re-encoding. Thus,
the user has an option to cancel the backup processing being
performed if the re-encoding will take an extremely long
time. Thus, the backup processing is performed in compli-
ance with the user’s requests.

[0017] Here, the recording apparatus may further com-
prise a detecting unit operable to detect a bit rate allocated
to each of the contents stored in the first recording medium.
The remaining content to be re-encoded by the second
duplicating unit is a content other than the user-specified
content and whose bit rate exceeds a predetermined indica-
tor. The indicator is determined based on (i) the residual
capacity of the second recording medium, and (ii) a total
reproduction time of the contents stored in the first recording
medium other than the content to be copied by the first
duplicating unit. The residual capacity of the second record-
ing medium is obtained by subtracting the size of the
user-specified content from the current capacity.

[0018] With this construction, the user is allowed to make
selection as to which content is to be copied and which
content is to be re-encoded, rather than the recording appa-
ratus automatically makes the selection. Since the re-encod-
ing is performed in compliance with the user’s requests,
some contents are selected to be recorded at high image
quality and some are not approximately as the user desires.

[0019] Here, the recording apparatus may further com-
prise a receiving unit operable to receive a user input
specifying a space size to be preserved in the second
recording medium. The current capacity of the second
recording medium is obtained by subtracting in advance the
specified space size.

May 29, 2003

[0020] With this construction, a free space is preserved in
the second recording medium for later recording a content
scheduled to be broadcast in the feature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and the other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings which illustrate a specific embodi-
ment of the invention.

[0022]

[0023] FIG. 1 is a view showing the internal construction
of a recording apparatus;

[0024] FIG. 2A is a view showing one example of GUI
controlled by a GUI controller 17;

In the drawings:

[0025] FIG. 2B is a view showing contents selected to be
backed up;

[0026] FIG. 3 is a flowchart showing processing per-
formed by a drive controller 15, a bit rate calculator 16, and
the GUI controller 17;

[0027] FIGS. 4A and 4B are views showing the change in
the available capacity of DVD before and after a first content
is copied;

[0028] FIGS. 5A and 5B are views showing the change in
the available capacity of DVD before and after a second
content is copied;

[0029] FIGS. 6A and 6B views showing the change in the
available capacity of DVD before and after a third content
is copied;

[0030] FIG. 7 is a flowchart showing backup processing
according to an embodiment 2;

[0031] FIG. 8 is the flowchart showing backup processing
according to the embodiment 2;

[0032] FIGS. 9A and 9B are views showing a process in
which a first priority content is designated,

[0033] FIGS. 10A and 10B are views showing a process
in which a second priority content and a third priority
content are designated;

[0034] FIGS. 11A and 11B are views showing a process
in which the first priority content and the second priority
content are copied from the HD to the DVD;

[0035] FIG. 12 is a view showing processing to re-encode
and then record the third priority content which can not be
copied due to insufficient capacity of the DVD;

[0036] FIG. 13 is a view showing one example of a
free-space preservation menu;

[0037] FIG. 14 is a flowchart showing processing per-
formed by the drive controller 15 according to an embodi-
ment 3;

[0038] FIG. 15 is a view showing a flowchart of process-
ing to determine the combination of contents to be recorded
in each DVD;

[0039] FIG. 16A is a view showing how many DVDs are
to be used to record five contents A-E;
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[0040] FIG. 16B is a view showing the combinations of
contents A-E to be recorded in each of three DVDs;

[0041] FIG. 16C shows a process in which each content
is copied to DVDs in the determined combinations shown in
FIG. 16B;

[0042] FIG. 17 is a view showing one example of a menu
displayed to inform a user that a lower bit rate will be
allocated and to prompt the user to deicide whether to
perform recording of a content despite the expected image
quality degradation;

[0043] FIG. 18 is a flowchart showing the processing
performed according to an embodiment 5 by the drive
controller 15;

[0044] FIG. 19 is a view showing a flowchart of the
processing performed according to an embodiment 6 by the
drive controller 15;

[0045] FIG. 20 is a view showing the process in which
three contents 1-3 are recorded in the DVD according to the
processing of the embodiment 6;

[0046] FIG. 21 is a view showing a modification of the
processing according to the embodiment 6;

[0047] FIG. 22 is a view showing another example modi-
fication of the processing according to the embodiment 6;

[0048] FIG. 23 is a view showing processing according to
an embodiment 7;

[0049] FIG. 24 is a view showing the internal construction
of a management file; and

[0050] FIG. 25 is a view schematically showing indirect
referencing by reproduction route information.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0051] First Embodiment

[0052] Hereinafter, description is given to a hybrid type
recorder performing a dual function as a DVD recorder and
an HD recorder according to one embodiment of a recording
apparatus of the present invention.

[0053] The hybrid type recorder of the present embodi-
ment includes an HD, and temporarily stores a number of
contents in the HD. Among the temporarily stored contents,
contents worth being saved permanently can be selectively
recorded in a DVD. Referring now to its construction, an
audio visual content is composed of at least one VOB (Video
Object) and management information regarding the VOB or
VOBs. A VOB is a program stream obtained by interleaved
multiplexing a video stream and an audio stream. As above,
each VOB includes management information. Yet, it makes
the description too complex to mention processing on the
management information. Thus, in the following descrip-
tion, no consideration is given to the management informa-
tion for the simplicity sake, and VOBs are considered to be
equal to audio-visual contents.

[0054] Hereinafter, description is given to the embodiment
of the recording apparatus with reference to the drawings.
FIG. 1 is a view showing the internal construction of the
recording apparatus. As shown in the figure, the recording
apparatus is composed of a tuner 1, an MPEG encoder 2, an
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HD drive 3, a DVD drive 4, an MPEG decoder 5, a signal
composer 6, a bus 7, an audio encoder 8, a video encoder 9,
a system encoder 10, a remote controller 12, a system
controller 13, a recording controller 14, a drive controller 15,
a bit rate calculator 16, and a GUI (Graphical User Interface)
controller 17. Of these components, the MPEG encoder 2,
the HD drive 3, the DVD drive 4, and the MPEG decoder 5
are interconnected via the bus 7 in a bus topology.

[0055] The tuner 1 demodulates a broadcast wave to
obtain a video signal and an audio signal, and outputs the
obtained signals to the MPEG encoder 2.

[0056] The MPEG encoder 2 encodes the analog video
signal and the analog audio signal to generate a content
(synonymous with VOB). Prior to the encoding, the MPEG
encoder 2 receives an instruction specifying a bit rate from
the system controller 13, and then performs encoding at the
specified bit rate. The “bit rate” refers to a quantization bit
rate indicating the number of bits that is allocated to repre-
sent a moving picture image per unit time. Being allocated
a high bit rate, the resulting image will be of high quality. On
the other hand, being allocated a low bit rate, the resulting
image will be of low image quality. By varying the bit rate,
the resulting image quality is adjusted. Yet, when a bit rate
is higher, not only that the resulting image will be of higher
in quality but also that the content will be larger in size.
Users should note this relation between the image quality
and the content size when recording a content into the HD
or a DVD.

[0057] The HD drive 3 includes an HD for temporarily
storing a plurality of contents generated by the MPEG
encoder 2. The capacity of the HD is 80 gigabytes so that
broadcast contents equivalent to half a day or a whole day
broadcasting can be temporarily stored in the HD.

[0058] The DVD drive 4 is used with a DVD with a
4.7-gigabyte capacity installed therein, and performs read-
ing and writing of data on the DVD. The DVD used in the
present embodiment is a recordable DVD, such as a DVD-
RAM, DVD-R, DVD-RW, and DVD+RW. Unlike the HD
which is integrally included in the HD drive 3, the DVD is
portable and replaced with another DVD as necessary.

[0059] The MPEG decoder 5 decodes the content (VOB)
to obtain an audio signal and a video signal.

[0060] The signal composer 6 composes the video signal
outputted from the MPEG decoder § with GUI, and outputs
the resulting signal to a television set provided externally to
the recording apparatus.

[0061] The bus 7 interconnects the MPEG encoder 2, the
HD drive 3, the DVD drive 4, and the MPEG decoder 5.

[0062] The audio encoder 8 is one component constituting
the MPEG encoder 2, and encodes a signal segment of the
analog audio signal corresponding to 0.4-1.0 seconds to
obtain a collection of audio frames each corresponding to
0.4-1.0 seconds.

[0063] The video encoder 9 is another component consti-
tuting the MPEG encoder 2, and encodes a signal segment
per unit time of the analog video signal that is outputted
from the tuner 1 to obtain a collection of picture data. Here,
the unit time corresponds to 0.4-1.0 seconds, and the col-
lection of picture data constitutes a GOP (Group Of Pic-
tures). In the case where the system controller 13 has been
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set with a bit rate A, the video encoder 9 allocates to each
VOBU (Video Object Unit) the bit rate varied within the
range of A+a. With this arrangement, a higher bit rate is
allocated to a VOBU representing a high-motion image,
while a lower bit rate is allocated to a VOBU representing
a low-motion image. Further, the video encoder 9 writes, in
a system header of each VOBU, the bit rate allocated to the
VOBU. A system header is header information provided at
the top each VOBU. With reference to the bit rate written in
the system header prior to encoding the VOBU, the trans-
mission rate required for decoding the VOBU is known.

[0064] The system encoder 10 is yet another component of
the MPEG encoder 2, and generates VOBUs each corre-
sponding to reproduction for a unit time of 0.4-1.0 seconds
by interleaved multiplexing a GOP with a collection of audio
frames.

[0065] The remote controller 12 is a device for a user to
make an input to operate GUI, and provided with a cross key
124, an enter key 12b for receiving such an input.

[0066] The system controller 13 includes CPU, ROM, and
RAM, and performs overall control of the recording appa-
ratus by the CPU executing a program stored in the ROM.
In other words, being read by the CPU, the program func-
tions as the recording controller 14, the drive controller 15,
and the GUI controller 17.

[0067] The recording controller 14 controls the MPEG
encoder 2 and the HD drive 3 so that contents are recorded.
To be more specific, when the tuner 1 is modulating a
broadcast wave and a user instructs recording, the recording
controller 14 controls the MPEG encoder 2 to perform
encoding to obtain contents, and to transmit the contents via
the bus 7 to the HD drive 3 that is controlled to record the
contents in the HD. Upon controlling the MPEG encoder 2
to perform encoding, the recording controller 14 sets a bit
rate at which the MPEG encoder 2 performs encoding. Here,
there are four levels of bit rates one of which the user selects:
1.6 Mbps (low image quality for economical recording), 2.4
Mbps (low image quality suitable for an extended period of
recording), 4.7 Mbps (normal image quality), and 9.5 Mbps
(high image quality). The four levels are provided merely as
reference values to realize targeted image quality levels.
Actually, any bit rate within the range of 1.6-9.5 Mbps may
be arbitrarily allocated.

[0068] The drive controller 15 performs backup of the HD
by having contents read from the HD and written in the
DVD. The drive controller 15 performs the following two
different types of backup processing: (1) processing via the
MPEG decoder 5 and the MPEG encoder 2, and (2) pro-
cessing without employing either the MPEG-decoder 5 or
the MPEG encoder 2.

[0069] In the type (1) processing, the contents read from
the HD are decoded by the MPEG decoder 5 and then
encoded again by the MPEG encoder 2 prior to being
recorded in a DVD. In the figure, the arrows rt2, rt3, and rt4
indicate the transmission path of the contents according to
the type (1) processing. As indicated by the arrows, the
contents are transmitted from the HD—the MPEG decoder
5—the MPEG encoder 2—the DVD where the contents are
to be recorded. The decoding and encoding performed in
series by the MPEG decoder 5 and the MPEG encoder 2,
respectively, are together referred to as “re-encoding”. The
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decoding of a content by the MPEG decoder 5 requires time
taken to actually reproduce the content. This is because the
decoding requires that the content be once put back into
avideo signal and an audio signal. That is, a content for one
hour takes one hour for the backup processing.

[0070] The type (2) processing is drive-to-drive copying
of contents. According to this processing, contents read from
the HD drive 3 are transmitted via the bus 7 directly to the
DVD drive 4 where the contents are recorded in the DVD.
In the figure, the arrow rt1 indicates the transmission path of
the contents according to the type (2) processing. As indi-
cated by the arrow, the contents are transmitted from the
HD—the bus 7—the DVD where the contents are to be
recorded. In this drive-to-drive copying, the re-encoding is
not involved. In addition, the transmission rate of the bus 7
is extremely high. Thus, backup of contents of several
gigabytes are completed within few seconds. Selection as to
which type of backup processing is to be performed is made
depending on the available capacity of the DVD.

[0071] The bit rate calculator 16 is a component of the
drive controller 15. At that time the drive controller 15
performs re-encoding, the bit rate calculator 16 calculates a
bit rate A satisfying the expression below.

Capacity ZReproduction TimexBit Rate A/8 <Expression 1>
[0072] When any data has been already recorded in the
DVD, the left side of the expression 1 needs to be a value
obtained by subtracting the size of the already recorded data
from 4.7 gigabytes. Yet, if consideration is given to such
already recorded data, the description will be too complex.
Thus, the following description is given to the case where
recording is performed on a blank DVD in which no data has
been recorded yet. Strictly speaking, in addition, since an
audio stream is reproduced in synchronism with a video
stream, the data size of the audio stream must be added to
the right side of the expression 1. However, the audio stream
is so small in data size comparing the video stream that it
may be ignored. Thus, the bit rate is calculated by approxi-
mate calculation using the expression 1.

[0073] The GUI controller 17 generates GUI and com-
poses the GUI with the video signal. In addition, the GUI
controller 17 performs integral control of the recording
apparatus according to user operations. GUI provides GUI
components, which are graphical representations of a plu-
rality of contents stored in the HD. FIG. 2A is a view
showing one example of GUI controlled by the GUI con-
troller 17. In the figure, the GUI component which reads
e.g., “CONTENT 1 2002 11/3 CH3 PM 8:00-PM 8§:45
NORMAL IMAGE QUALITY” represents a content. There
are three possible states for a GUI component to be in: a
normal state; a focused state; and an active state. The normal
state indicates that the content represented by the GUI
component is not currently subjected to user selection. The
focused state indicates that the content represented by the
GUI component is currently a candidate to be selected. The
active state indicates that the content represented by the GUI
component has been selected to be backed up. Through
operations to GUIL, among the contents 1-5 shown in FIG.
2A, the contents 1-3 are selected to be backed up as shown
in FIG. 2B. The GUI controller 17 instructs the drive
controller 15 to back up the contents that are in active stated
in the GUL

[0074] FIG. 3 is a flowchart showing the sequence of
program steps for implementing the drive controller 15, the
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bit rate calculator 16, and the GUI controller 17. Hereinafter,
with reference to the flowchart, description is given to the
steps performed by the drive controller 15, the bit rate
calculator 16, and the GUI controller 17.

[0075] In a step S1, the GUI controller 17 displays GUI
providing GUI components each graphically representing
one of a plurality of contents stored in the HD. Initially, the
content recorded earliest is displayed in a focused state.

[0076] Next, the GUI controller 17 enters the loop for
repeatedly performing steps S2-S4. The loop is an event
waiting loop that is repeated until one of the following
events is received: a push of an arrow key of the remote
controller 12 (step S2); a push of the enter key of the remote
controller 12 (step S3); or termination of user operations
(step S4). In response to a push of an arrow key, the GUI
controller 17 sets, in a step S5, the content specified by the
arrow key into a focused state. To be more specific, there are
an up-pointing arrow key and a down-pointing arrow key. In
response to a push of the down-pointing arrow key, the GUI
controller 17 puts a currently focused content back to a
normal state, and sets a content displayed below that content
to a focused state. On the other hand, in response to a push
of the up-pointing arrow key, the GUI controller 17 puts a
currently focused content back to a normal state, and sets a
contend displayed above that content to a focused state.

[0077] In response to a push of the enter key, the GUI
controller 17 sets, in a step S6, a currently focused content
to an active state, so that the content is selected to be backed
up. By performing the above steps in response to events
made, contents stored in the HD are selected to be backed
up. When a plurality of contents is selected and a termination
operation is detected, the GUI controller 17 moves to a step
S7.

[0078] Steps S7 and S8 form a loop to perform steps 9-19
repeatedly for each of the contents selected to be backed up.
Here, the order of contents subjected to the loop processing
may be any order. In this embodiment, the loop processing
is sequentially performed on each selected content starting
from the one with the earliest recording date and time.

[0079] In this loop processing, a content targeted for a
current iteration of the loop is denoted by a content x. The
drive controller 15 detects the size x and the reproduction
time t of the content x (step S9) to judge whether the
available capacity y of the DVD exceeds the size x (step
$10). If the capacity y exceeds the size X, the drive controller
15 performs drive-to-drive copy of the content x (step S11),
followed by subtraction of the size x from the capacity y
(step S12). By the series of operations, the content is copied
from the HD to the DVD. Each time a content is copied from
the HD to the DVD, the available capacity of the DVD
decreases stepwise. Yet, copying of a content is repeatedly
performed as long as the available capacity of the DVD
exceeds the size of the content x.

[0080] In the case where the available capacity of the
DVD is smaller than the size of the content x, the-drive
controller 15 performs steps S13-S19. In the step S13, the
drive controller 15 judges whether the capacity falls short of
a predetermined lower limit. Here, the lower limit is set to
be less than Yio of the data size of the content x. This is
because, if a content is reduced to less than %10 of its original
size, the resulting image quality of the content is no longer
acceptable.
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[0081] The lower limit is set in order to avoid such an
excessive reduction. When the capacity y is below the lower
limit, the drive controller 15, in a step S20, informs the user
that the disc is full and terminates the processing. In the case
where the capacity is not enough to copy the content x but
still exceeds the lower limit, the drive controller 15 instructs,
in the step S14, the bit rate calculator 16 to calculate a bit
rate A that satisfies the expression: Capacity
y=Reproduction Time txBit Rate A/8. The drive controller
15 then sets, in the step S15, the video encoder 9 with the bit
rate A, and instructs the MPEG encoder 2 to start re-
encoding the content X. Once re-encoding is started, the
processing enters the loop to repeatedly perform steps
S$16-S18.

[0082] In this loop processing, the drive controller 15
checks whether the MPEG encoder 2 generates a VOBU
(step S16), and whether the re-encoding has been completed
(step S17). Each time a VOBU is generated (step S16, YES),
the drive controller 15 instructs the MPEG encoder 2 to
transmit the generated VOBU to the DVD drive 4 where the
VOBU is recorded in the DVD (step S18). Upon completion
of re-encoding (step S17, YES), the drive controller 15
subtracts the size of the re-encoded content from the capac-
ity y of the DVD (step S19), to terminated the loop pro-
cessing for step S16-S18.

[0083] Hereinafter, description is given in more detail to
the steps of the flowchart shown in FIG. 3 with reference to
specific examples shown in FIGS. 4A, 4B, 5A, 5B, 6A, and
6B.

[0084] First, among the contents shown in FIG. 2B, the
first three contents i.e., contents 1-3, are selected to be
backed up. Each of the contents 1-3 is one serial that
together complete one serialized drama. The bit rate and the
reproduction time of each content are uniformly 4.7 Mbps
and 45 minutes, respectively. From the bit rate and the
reproduction time, the data size of each content is calculated
as follows.

4.77(Mbps)x45(min)x60(sec)/8=1.58625 GB

[0085] The three contents as above are sequentially
recorded in the DVD through the processing according to
the flowchart shown in FIG. 3. Note that the six figures,
FIGS. 4A-6B collectively show, just like sequence photo-
graphs, one process in which the three of the contents shown
in FIG. 2B are sequentially copied.

[0086] FIGS. 4A and 4B show the change in the capacity
of DVD before and after the content 1 is recorded. When the
content 1 is targeted as the content x, the capacity of the
DVD is 4.7 gigabytes. Thus, the capacity check is made as
shown in FIG. 4A, and the judgment in the step S10 results
in YES. Consequently, the content 1 is copied from the HD
to the DVD as indicated in FIG. 4B by the arrow cyl. Then,
in the step S6, the size of the content 1 (1.58625 gigabytes)
is subtracted from the capacity y (4.7 gigabytes).

[0087] FIGS. 5A and 5B show the change in the capacity
of DVD before and after the content 2 is recorded. When the
content 0.2 is targeted as the content X, the capacity y at this
stage is 3.11375 gigabytes. Thus, the capacity check is made
as shown in FIG. 5A, and the judgment in the step S10
results in YES. Consequently, the content 2 is copied from
the HD to the DVD as indicated in FIG. 5B by the arrow
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cy2. Then, in the step S6, the size of the content 2 (1.58625
gigabytes) is subtracted from the capacity y (3.11375
gigabytes).

[0088] FIGS. 6A and 6B show the change in the capacity
of DVD before and after the content 3 is recorded. When the
content 3 is targeted as the content x, the capacity y at this
stage is 1.5275 gigabytes. Thus, the capacity check is made
as shown in FIG. 6A, and the judgment in the step S10
results in NO as the capacity y (1.5275 gigabytes) is slightly
short of the size of the content x (1.58625 gigabytes). Yet,
the capacity of 1.5275 gigabytes exceeds the lower limit, so
that the resulting image quality will still be acceptable. Thus,
the drive controller 15 moves from the step S13 to a step S14
to re-encode the content 3.

[0089] Prior to re-encoding, the bit rate to be newly
allocated to the content is calculated. Here, the reproduction
time and the size of the content are 45 minutes and 1.58625
gigabytes, respectively. Using these values, the bit rate A
satisfying the following expression is calculated in the step
S14.

A(Mbps)x45(min)x60(sec)/8=1.5275 GB
[0090] Thus, the bit rate A is calculated to be 4.526 Mbps.

[0091] Once the bit rate A is calculated as above, the video
encoder 9 performs, as illustrated in FIG. 6B, re-encoding
of the content 3 at the calculated bit rate A. As a result of the
re-encoding, the content size is reduced from 1.58625
gigabytes to 1.5275 gigabytes, while the bit rate is reduced
only slightly from the 4.7 Mbps to 4.526 Mbps. Since the
reduction in the bit rate is slight, resulting deterioration in
the image quality is also slight. As described above, with two
copying operations and one re-encoding operation, the three
contents that complete one serialized drama are recorded in
a single DVD.

[0092] As described above, according to the embodiment
1, a plurality of contents recorded in the HD is stored in a
single DVD even though the total size of the contents to be
recorded exceeds the capacity of the DVD.

[0093] Embodiment 2

[0094] An embodiment 2 regards to selection of contents
to be re-encoded. As described above, the re-encoding is a
series of processing that decodes a content and again
encodes the decoded content, which requires actual repro-
duction time. The actual reproduction time is the time taken
to actually reproduce the content. That is, when it takes one
hour to reproduce a content, it takes one hour to re-encode
the content stored in the HD, followed by recording to a
DVD. Since it is a time consuming processing, re-encoding
is not an easy option to choose. In view of the above, the
present embodiment performs scheduling so that the order of
contents to be backed up is determined in a manner of
minimizing the time taken for re-encoding. The order is
determined based on priorities assigned to each content,
namely first priority, second priority, and third priority. The
first priority is assigned to a content with the highest priority
so that the content is likely to be recorded in a DVD simply
by copying. The third priority, on the other hand, is assigned
to a content with the lowest priority so that the content is
likely to be recorded in the DVD after being re-encoded.

[0095] Now, description is given to the scheduling pro-
cessing with reference to a flowchart shown in FIGS. 7 and
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8. FIGS. 7 and 8 are views showing the flowchart of the
backup processing according to the second embodiment.

[0096] The processing shown in the flowchart is per-
formed on a plurality of contents selected to be backed up in
the steps S1-S6 shown in FIG. 3. The GUI controller 17
displays GUI components each graphically represents a
selected content, and the content which has been recorded
ecarliest is displayed in a focused state. The GUI controller 17
then enters the loop for repeatedly performing steps S21-
S25. The loop is an event waiting loop that is repeated until
one of the following events is received: a push of an arrow
key (step S21); a push of the enter key (step S22); or
termination of user operations (step S23). With these events,
contents to be copied are selected. Each content to be copied
is a content that the user desirers to record in a DVD without
degrading image quality at an early stage of the overall
processing. In response to a push of an arrow key, the GUI
controller 17 sets, in a step S24, the content indicated by the
arrow key to a focused state.

[0097] In response to a push of the enter key, the GUI
controller 17 sets, in a step S25, a currently focused content
to an active state so that the content is selected to be copied.
The thus selected content is assigned the first priority.

[0098] In response to these events, the GUI controller 17
performs the above steps so that contents to be assigned the
first priority are selected. When one or more contents are
selected as first priority contents, and a termination opera-
tion is detected, the processing moves from the step S23 to
a step S26. In the step S26, the bit rate calculator 16
calculates the total of reproduction time t of the remaining
contents. In a step S27 that follows, the bit calculator 16
calculates a bit rate B that satisfies the following expression:

Total Reproduction TimexBit Rate B/8=(Capacity—

Total Size of First Priority Contents)
[0099] The thus calculated bit rate B serves as an indicator
to judge whether to re-encode the remaining contents. Once
the bit rate B is calculated, the processing enters a loop for
repeatedly performing steps S28-S30. In the loop, a bit rate
x of the content x is detected (step S30), and if the detected
bit rate x is below the bit rate B serving as the indicator (step
S31), the second priority is assigned to the content X
(stepS32). If not, the third priority is assigned to the content
X (step S33). These steps are repeated for each of the
remaining contents (steps S28 and S29).

[0100] The detection of the bit rate in the step S30 is
performed using the following calculation. Each VOBU
constituting a content has been allocated a bit rate Axa.
Thus, the bit rate A specified by the system controller 13 is
calculated backward by averaging a plurality of bit rates
each assigned to a VOBU. The bit rate is recorded in the
system header of each VOBU. Thus, the drive controller 15
reads, in the step S30, a plurality of bit rates from a plurality
of system headers to calculate the average of the read bit
rates, thereby obtaining the bit rate A. Note that the bit rate
may be detected from the management information if the
management information includes a bit rate calculated for,
and allocated to each VOBU by the bit rate calculator 16.

[0101] Further, according to the expression used in the
step S27 for calculating the indicator, the size of the first
priority contents is subtracted from the available capacity of
the DVD. Yet, in case no content has been assigned the first
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priority, the right side of the expression is simply equal to the
capacity. In short, to be calculated is the bit rate B satisfying
the following expression.

Total Reproduction TimexBit Rate B/8=Capacity

[0102] Through the above steps, contents to be assigned
the second priority have been selected. Once the first and the
second priority contents are selected, backup of the contents
stored in the HD to the DVD is performed in the priority
order, i.e., starting from the contents with the first priority
the second priority the third priority. The steps for backup
processing are shown in the flowchart in FIG. 8. First,
processing for backup of the first priority content is
described. In this backup processing, the steps S9-S19
shown in FIG. 3 are repeated for each first priority content
(step S100-S102). This processing is the same as the pro-
cessing shown in FIG. 3 except that the contents to be
recorded in the DVD are the first priority contents. In the
case where the available capacity falls short to copy all the
first priority contents, one or more first priority contents are
re-encoded as necessary so as to reduce their size and then
to be recorded in the DVD.

[0103] Inthe case, on the other hand, there is an available
capacity left in the DVD after recording all the first priority
contents, backup processing for the second priority contents
is started. Here again, the backup processing of the second
priority contents is carried out by repeating the steps S9-19
shown in FIG. 3 (steps S103, S35, S104). In the case where
the available capacity falls short to store all the second
priority contents, one or more second priority contents are
re-encoded as necessary so as to reduce their size and then
to be recorded in the DVD.

[0104] In the case, on the other hand, there still is an
available capacity left in the DVD after recording all the
second priority contents, backup processing for the third
priority contents is started. Here again, the backup process-
ing of the third priority content is carried out by repeating
the steps S9-S19 shown in FIG. 3 (step S36-S38). In the
case where the available capacity falls short to store all the
third priority contents, one or more third priority contents
are re-encoded as necessary so as to reduce their size and
then to be recorded in the DVD.

[0105] Hereinafter, with reference to the examples shown
in FIGS. 9A, 9B, 10A, 10B, 11A, 11B, and 12, description
is given further to the processing of the flowchart shown in
FIGS. 7 and 8 in detail.

[0106] The seven figures: FIGS. 9A, 9B, 10A, 10B, 11A,
11B, and 12 collectively show, just like sequence photo-
graphs, one processing performed by the drive controller 15
according to the embodiment 2. FIGS. 9A and 9B illustrate
the process in which a first priority content is selected.

[0107] In this specific example, four contents shown in
FIG. 9A have been selected to be backed up. Of the four
contents, the content 3 is selected, in the step S25, to be
copied. Thus, the content 3 is assigned the first priority as
shown in FIG. 9B. FIGS. 10A and 10B illustrate the
process in which second priority contents and a third priority
content are selected. Of the four selected contents, three
contents that are not selected as the first priority content are
subjected to the steps S26-S32. Of the three contents,
contents not selected as the second priority content in these
steps S26-S32 may be re-encoded. The four contents shown
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in FIG. 9A do not have the same size and the same
reproduction time. The size of content 3 is 1.057 gigabytes,
while the size of each of the contents 1, 2, and 4 is 1.425
gigabytes. Regarding the reproduction time, the content 1 is
20 minutes, the content 3 is 30 minutes, and each of the
contents 2 and 4 is 40 minutes. Regarding the bit rate, each
of the contents 2-4 is encoded at 4.7 Mbps, while the content
1 is encoded at 9.5 Mbps.

[0108] The available capacity left in the DVD after sub-
tracting the size of the content 3 to be copied is calculated
to be 3.643 gigabytes (=4.7 gigabytes—1.057 gigabytes).
Then, to determine priorities of each remaining content, the
bit rate B serving as the indicator is calculated in the step
S27 as follows.

3.643 gigabytes=60(sec)x90(min)xB/8
Indicator B=3.643 (GB)x8/60(sec)x90(min)

[0109] Accordingly, the indicator B is calculated to be
5.22 Mbps.

[0110] Once calculated, the indicator B is compared with
the bit rate of each of the contents 2-4 as shown in FIG. 10A.
The bit rate of both the contents 2 and 4 is 4.7 Mbps that is
below the indicator B (5.22 Mbps). Accordingly, the con-
tents 2 and 4 are assigned the second priority in the step S32.
On the other hand, the bit rate of the content 1 is 9.4 Mbps
that exceeds the indicator B (5.22 Mbps). Thus, the content
3 is not assigned the second priority but the third priority.
FIG. 10B shows the contents arranged in the priority order.
Each content is recorded to the DVD in the order shown in
the FIG. 10B.

[0111] FIGS. 11A and 11B are views showing the con-
tents arranged in the priority order and the DVD to which the
contents are to be recorded. The total size of the content 2,
the content 3, and the content 4 is 3.539 gigabytes (=1.425+
1.057x2). Thus, there still is an available capacity left even
after all the three contents are recorded in the DVD.

[0112] As shown in FIG. 11B, of the four contents, the
content 2, the content 3, and the content 4 are sequentially
copied to the DVD as indicated by an arrow cy5. As a result,
the available capacity left in the DVD is 1.161 gigabytes
(=4.7-(1.425+1.057x2))

[0113] Since the first priority content and the second
priority contents are dully copied to the DVD, the content 1,
which is the third priority content, is now subjected to the
backup processing.

[0114] FIG. 12 is a view illustrating the processing to
re-encode and then record the third priority content which
can not be copied to the DVD due to insufficient capacity of
the DVD. The available capacity left in the DVD after
storing the second priority contents is 1.161 gigabytes,
which is not enough to copy the 1.425-gigabyte content 1.
Thus, the content 1 is re-encoded.

[0115] Here, the content 1 of which reproduction time is
20 minutes needs to be recorded in the DVD with the above
capacity. Thus, the bit rate to be allocated to the content 1 is
calculated as follows.

1.161 GB=60(sec)x20(min)xA/3
A=1.161 GBx8/60(sec)x20(min)
A=7.74 Mbps
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[0116] Once the bit rate is calculated, the content 1 is
re-encoded and recorded in the DVD as indicated by an
arrow ¢y6 in FIG. 12.

[0117] Although slightly lower than the original bit rate of
9.5 Mbps, the bit rate of 7.74 Mbps is still high in compari-
son with those of the contents 2-4. That is to say, the user’s
request to “save the content 1 with a possible highest
quality” is satisfied.

[0118] When comparing, for reference purposes, the con-
tents 1 and 4, both the contents 1 and 4 have an equal size
of 1.425 gigabytes. Despite the equal size, the content 1 is
selected as the third priority content because of its relatively
high bit rate and relatively short reproduction time of 20
minutes. That is to say, the content 1 only requires a
relatively short time to be re-encoded, and thus requires a
relatively short time for the backup processing. However, in
case that the user selects the content 1 having the highest bit
rate is to be copied, the content 4 may alternatively be
selected to be re-encoded. In that case, a longer time is
required for re-encoding, but the content 1 is recorded in the
DVD without any degradation in image quality.

[0119] As described above, the lowest priority is given to
a content with a relatively high bit rate and thus with a
relatively high image quality. Accordingly, a content to be
re-encoded has a relatively short reproduction time but with
relatively high bit rate, which results in a large content size.
Since such a content is selected to be re-encoded, the content
is greatly reduced in size with short processing time.

[0120] With this arrangement, the user is given an oppor-
tunity to reduce the size of the content that is recorded in the
HD with an unintentionally high bit rate. That is, backup
processing of contents is performed in a user-friendly man-
ner.

[0121] Embodiment 3

[0122] According to the backup processing of the embodi-
ments 1 and 2, contents are written into a DVD until the
DVD is full. However, if contents are written until the DVD
is full, no other content can be additionally written into the
DVD. That is, there is no free space left in the DVD to
record a content scheduled to be broadcast in the feature. In
view of the above, the present embodiment allows a user to
preserve a free space in a DVD prior to performing pro-
cessing of the embodiments 1 and 2.

[0123] A user specifies a free space to be preserved using
a free-space preservation menu shown in FIG. 13. FIG. 13
is a view showing one example of the free-space preserva-
tion menu. The free-space preservation menu includes:
buttons bnl and bn2 to select whether to specify the space
to be preserved either by a byte size or by recording time; a
column nml to input a numeric value specifying the byte
size; a column nm2 to input a numeric value specifying the
reproduction time in minutes; and buttons bn3, bn4, bn$, and
bn6 for selecting one of the following four image qualities,
1.6 Mbps (economical low image quality), 2.4 Mbps (low
image quality suitable for an extended period of recording),
4.7 Mbps (normal image quality), and 9.5 Mbps (high image
quality). Input operations for the buttons and columns dis-
played in the free-space preservation menu are performed
according to a flowchart shown in FIG. 14.

[0124] FIG. 14 is a flowchart showing the processing
performed by the drive controller 15 according to the
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embodiment 3. The processing shown in the flowchart is
performed prior to the processing of the embodiments 1 and
2 shown in the respective flowcharts. According to the
flowchart in FIG. 14, the drive controller 15 displays, in a
step S41, the free-space preservation menu shown in FIG.
13, and then enters a loop to repeatedly perform steps S42
and S43. In response to a click on the button bnl for
specifying the free-space by a byte size (step S43), the
column nml becomes active, so that a numeral value of
0-4.7 may be inputted (step S44). A value inputted to the
column nm1 determines the size of the free space k to be
preserved (step S45).

[0125] Alternatively, in response to a click on the button
bn2 for specifying the free space by reproduction time (step
S42), the column nm2 becomes active, so that a numeral
value of 0-120 may be inputted (step S46). When such a
value is inputted, buttons bn3-bné become active, so that
either of the four image qualities maybe selected by a click
on one of the buttons (step S47). Once the reproduction time
and the image quality are specified, the drive controller 15
calculates the size of the free space k to be preserved by the
following expression (step S48):

Size of Free Space k=Bit Rate of Specified Image

QualityxInputted Reproduction Time
[0126] Once the size of the free space k is calculated, the
drive controller 15 calculates the available capacity y of the
DVD by the flowing expression:

Capacity y=Capacity y-Size of Free Space &

[0127] Then, processing shown in FIGS. 3, 7, and 8 are
performed with the newly calculated DVD capacity y.

[0128] As described above, according to the present
embodiment, when a user plans to record another content
scheduled to be broadcast in the feature, a free space is
preserved in the DVD to later record such a content.

[0129] Embodiment 4

[0130] The embodiments 1-3 describe the case where a
plurality of contents stored in the HD is to be recorded in a
single DVD. An embodiment 4 regards to an improvement
in a technique to back up contents in a plurality of DVDs.
Even when recording contents into a plurality of DVDs,
there is a case where the total capacity of the DVDs fall short
of the total size of contents selected to be backed up. In such
a case, how much each content needs to be reduced differ
depending on the combination of contents to be recorded in
each DVD. By storing contents into each DVD in an
appropriate combination, the bit rate allocated to a content
does not have to be over-reduced. On the other hand, if
contents are stored in each DVD in inappropriate combina-
tion, the bit rate is reduced more than actually required. In
view of the above, the embodiment 4 discloses the process-
ing to determine such a combination of contents to be
recorded in each DVD that the influence resulting from
re-encoding of contents is minimized.

[0131] FIG. 15 is a view showing a flowchart of the
processing to determine the combination of contents to be
recorded in each DVD.

[0132] 1In a step S51 of the flowchart, the GUI controller
17 receives selection of contents to be backed up. The
selection is made through the steps S1-S6 shown in FIG. 3.
When contents to be backed up are selected, the GUI
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controller 17 receives, in a step S52, an instruction speci-
fying the number of DVDs to be used. In a step S53 that
follows, the drive controller 15 divides the number of
selected contents by the number of DVDs to be used, and
rounds off the calculation result to the decimal place, thereby
obtaining the number m of contents to be written in each
DVD. Thereafter, in steps S54-S64, the drive controller 15
determines a combination i of contents to be recorded in a
DVD i, which is one of the plurality of DVDs.

[0133] The determination is made by making nCm differ-
ent combinations of m contents out of n contents selected to
be backed up (step S54), followed by the loop for repeatedly
performing steps S55-S58.

[0134] In the loop, the drive controller 15 first calculates
the total size of the contents included in a currently targeted
combination (step S57), and then calculates a ratio between
the total size and the available capacity of a DVD (step S58),
and repeats the two steps for each of the nCm combinations.
Once the ratios for all the combinations are calculated, the
drive controller 15 determines, in a step S59, the combina-
tion of which ratio is closest to the value 1 as the combi-
nation i of contents to be recorded in the DVD i. Here, there
may be a combination of which ratio exceeds 1 or below 1.
To be selected in the step S59 is the combination of which
ratio is closest to 1 regardless of whether the ratio exceeds
or below 1.

[0135] Once the combination of contents to be recorded in
a first DVD is determined, the drive controller 15 judges, in
a step S60, whether the value obtained by “n-m” exceeds
the number m of the contents. If the judgment results in
affirmative, the drive controller 15 replaces, in a step S61,
the number n with the value obtained by subtracting the
number m from the number n, and then perform a next
iteration of the loop with the newly calculated number n.
This is to select, from the remaining contents to be backed
up, another combination of m contents to be recorded in a
next DVD.

[0136] The above steps S54-S61 are repeated until “n-m”
is below the number m. The value of “n-m” represents the
number of remaining contents. When the value of “n-m” is
below the number m, it means that there remains only one
possible combination to be recorded in a DVD. Thus, the
combination is determined as the last combination to be
recorded in the last DVD, and then the processing goes onto
a step S63. Steps S63 and S65 are to repeat a step S64 for
each of the plurality of DVDs. Here, a DVD targeted to the
current iteration is denoted as the DVD 1i. In the step S56,
contents included in the combination i that corresponds to
the DVD i are recorded in the DVD i. Recording of each
content into the DVD 1 is performed according to the
processing shown in FIGS. 7 and 8. That is to say, each
content is assigned a priority, and then copied or re-encoded
according to their priorities.

[0137] Now, description is given to the processing of the
flowchart in FIG. 15 with reference to a specific example
shown in FIGS. 16A, 16B, and 16C. FIGS. 16A, 16B, and
16C collectively show, just like sequence photographs, the
processing performed according to the embodiment 4.

[0138] FIG. 16A shows how many DVDs are to be used
to record five contents A-E. As shown in the figure, in this
example, the contents A-E stored in the HD are to be
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recorded in three DVDs. According to this example, the
number n of the contents is 5, and the number of DVDs is
3, and calculation performed in the step S53 is 5/3 so that the
result obtained from the calculation is 1.6666. The calcula-
tion result is rounded off to the decimal place, and thus m=2.

[0139] In the step S54 that follows, ten possible combi-
nations of two contents out of five contents are made.

[0140] To be more specific, the ten combinations (=5C2)
include A and B, A and C, Aand D,A and E, B and C, B and
D, B and E, A and E, and so on.

[0141] Once all the possible combinations are made, the
ratio of the total size to the available capacity of a DVD is
calculated for each combination in the step S58.

[0142] The ratio of the combination of A and B is 5.4/4.7.
[0143] The ratio of the combination of A and C is 3.6/4.7.
[0144] The ratio of the combination of A and D is 4.9/4.7.
[0145] The ratio of the combination of A and E is 5.6/4.7.
[0146] The ratio of the combination of B and C is 4.8/4.7.
[0147] The ratio of the combination of B and D is 6.1/4.7.
[0148] The ratio of the combination of D and E is 6.3/4.7.

[0149] Closest to the value 1 among the above ratios is of
the combination of the contents B and C, so that the contents
B and C are determined, in the step S59, to be recorded in
the first DVD. Then, the comparison is made in the step S60.
In this case, the value of n-m is three (=5-2), which is still
larger than m. Accordingly, n is replaced with three (=5-2)
in the step S61, and then the processing moves back to the
step S54.

[0150] Inthe step S54, all the possible combinations, three
combination in this case, of two contents out of three
contents A, D, F are made. Then, the ratio of each combi-
nation is calculated.

[0151] The ratio of the combination of A and D is 4.9/4.7.
[0152] The ratio of the combination of D and E is 6.3/4.7.
[0153] The ratio of the combination of A and E is 6.3/4.7.

[0154] Closest to the value 1 among the three ratios is of
the combination A and D, so that the contents A and Dare
determined, in the step S59, to be recorded in the second
DVD.

[0155] In the step S60 that follows, comparison is made
between the value of n—-m and the value m. In this case, the
value of n-m is one (=3-2), which is smaller than m.
Accordingly, the processing moves from the step S60 to the
step S62 where the remaining content E is determined to be
the last combination to be recorded in the third DVD.

[0156] FIG. 16B is a view showing the combinations of
contents A-E to be recorded in each DVD. As shown in FIG.
16C, each contents included in the combinations is sequen-
tially recorded in a respective one of the three DVDs,
whereby backup of contents is completed.

[0157] FIG. 16C shows the process in which contents are
copied to DVDs in the determined combinations shown in
FIG. 16B.
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[0158] As described above, according to the present
embodiment, when contents are to be recorded in a plurality
of DVDs, contents to be recorded in each DVD are deter-
mined so that each combination results in the size of which
ratio to the DVD capacity is closest to the value 1. With this
arrangement, reduction in image quality resulting from
re-encoding is minimized.

[0159] Embodiment 5

[0160] Inthe embodiments 1-4, contents are re-encoded as
necessary without specific user instructions. In the embodi-
ment 5, however, the user is informed that the bit rate is
reduced upon re-encoding, and asked whether to proceed
further although the image quality needs to be degraded to
some extent. FIG. 17 shows a menu displayed to prompt a
user to make such a decision. The menu shown in FIG. 17
includes: a warning message kcl informing the user that
re-encoding must be performed in order to complete the
backup processing; a degradation ratio hrl showing to what
extent the image will be degraded; time hr2 required for
re-encoding, and buttons bné and bn7 for receiving user
input as to whether to complete the backup processing. The
degradation ratio is obtained by dividing the bit rate calcu-
lated in the step S14 of the flowchart shown in FIG. 3 by the
bit rate originally allocated to the content. The degradation
ratio in the example shown in FIG. 17 is 0.96 that is
calculated from the example bit rates shown in FIG. 6B
(0.96=4.526 Mbps/4.7 Mbps).

[0161] Further, the time required for re-encoding is equal
to reproduction time of the content to be re-encoded. That is,
the reproduction time of the content 3 shown in FIG. 6B is
45 minutes, and thus it takes 45 minutes to re-encode the
content. The time required for re-encoding is informed to the
user in order to ask for consent of the user.

[0162] The degradation ratio is calculated after the bit rate
is calculated in the step S14 shown in FIG. 3, and the menu
including the degradation ratio is displayed. By displaying
the menu, even if a user is not familiar with technical
meanings of re-encoding or bit rate, the user is allowed to
intuitively recognize to what extent the image quality will be
degraded. In response to a user operation to the menu so as
to instruct to proceed further, the re-encoding is performed
in the step S15. Alternatively, in response to a user operation
so as to instruct not to perform re-encoding, the backup
processing is cancelled.

[0163] Next, description is given to processing performed
according to the embodiment 5 by the drive controller 185.
FIG. 18 is a flowchart showing the processing performed
according to the embodiment 5 by the drive controller 185.
The flowchart is a modification of the flowchart shown in
FIG. 3. The difference between the two flowcharts are found
in steps S65-S68 performed after calculating the bit rate Ain
the step S14 and before starting the re-encoding in the step
S15. That is, after the bit rate calculator 16 calculates, in the
step S14, the bit rate A satistying the expression: Capacity
y=Reproduction Time txBit Rate A/8, the drive controller
15 detects, in the step S65, a bit rate C that has been
originally allocated to the content x. In the step S66 that
follows, the drive controller 15 calculates the degradation
ratio by calculating the bit rate A/the bit rate C. Once the
degradation ratio is calculated, the drive controller 15 dis-
plays, in the step S67, the menu as shown in FIG. 17 with
the degradation ratio and the reproduction displayed therein,
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and waits for the user input to a button to determine,
according to the input, whether the user agrees to re-encode
the content or not. In the case the user agrees to re-encode
the content, the drive controller 15 instructs the MPEG
encoder 2, in the step S15, to start re-encoding the content
at the bit rate A. Alternatively, in the case that the user does
not agree to re-encode the content, the drive controller 15
performs the step S20 thereby to inform the user that the disc
is full.

[0164] As described above, according to the present
embodiment a user is informed of, prior to re-encoding is
performed, the degree of degradation in resulting image
quality and the time required for re-encoding. Thus, the user
has an option toc ancel the backup processing if the bit rate
at which a content will be re-encoded appears to be too low.
That is, the backup processing is performed in compliance
with user’s requests.

[0165] Embodiment 6

[0166] According to the embodiment 1, among the con-
tents selected to be backed up, the last content is recorded in
the available capacity left in the DVD after the other
contents are copied. Thus, the last content may be greatly
reduced in size as it is the only content subjected to
re-encoding. In view of the above, according to the embodi-
ment 6, a plurality of contents is equally reduced.

[0167] In the embodiment 6, upon receipt of selection of
a plurality of contents to be backed up, the drive controller
15 judges, prior to performing backup processing of the
selected contents, whether the capacity of the DVD exceeds
the total size of all the selected contents. In the case there is
enough capacity left in the DVD, all the selected contents
are copied without re-encoding.

[0168] On the other hand, in the case there is not enough
capacity left in the DVD, all the selected contents are
re-encoded prior to being written in the DVD. To determine
the bit rate for re-encoding, the ratio between the total size
of the selected contents and the capacity of the DVD is first
obtained. Then, the bit rate originally allocated to each
content is multiplied by the obtained ratio. Each selected
content is then re-encoded at the thus calculated bit rate.

[0169] FIG. 19 is a view showing a flowchart of the
processing performed according to the embodiment 6 by the
drive controller 15. The processing shown in the flowchart
is performed after the steps S1-S7 shown in FIG. 3. The
drive controller 15 calculates, in a step S71, the total size of
the selected contents, and judges, in a step S72, whether the
total size exceeds the capacity of the DVD. In the case where
the total size is smaller than the capacity, the drive controller
15 copies, in a step S73, the selected contents stored in the
HD to the DVD to complete the backup processing. On the
other hand, in the case where the total size exceeds the
capacity, the drive controller 15 calculates, in a step S74, the
ratio h by the expression “Free Space of DVD/Total Size of
Contents to be Backed Up”, and then moves onto the loop
for repeatedly performing the steps S77 followed by the
steps S15-S18. The content targeted to the current iteration
is referred to as a content x. In the step S77, the bit rate C
of the content x is detected and replaced with a newly
calculated bit rate C by the expression “Bit Rate CxRatio h”.
In the step S185, the drive controller 15 changes the bit rate
setting of the video encoder 9 to the bit rate C, and then
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instructs the MPEG encoder 2 to start re-encoding of the
content X. As a result, the processing enters the loop for
repeatedly performing the steps S16-S18. Through the
above processing, each content selected to be backed up is
sequentially written into the DVD.

[0170] Now, by way of the example shown in FIG. 20,
description is given to the processing performed according
to the embodiment 6 by the drive controller 15. FIG. 20
shows the process in which three contents 1-3 are recorded
in the DVD. The three contents 1-3 shown in FIG. 20 have
uniform reproduction time of 20 minutes and have been
encoded at bit rates of 7 Mbps, 6 Mbps, and 3 Mbps,
respectively. When the three contents are selected to be
backed up, the total size of the three contents is compared
with the capacity of the DVD. Here, the total size of the
contents 1-3 is 7.2 gigabytes (=7 (Mbps)x60(min)x60(sec)/
8+6(Mbps)x60(min)x60(sec)/8+3(Mbps)x60(min)x60
(sec)/8), which exceeds the capacity of the DVD. Thus, it is
judged that all the contents can not be copied (step S72).

[0171] Consequently, the contents need to be re-encoded.
To perform re-encoding, the drive controller 15 calculates
the ratio between the total size of the contents 1-3 (7.2
gigabytes) and the capacity of the DVD, thereby obtaining
the ratio of 0.65. The drive controller 15 then multiplies the
bit rate of each of the contents 1-3 by the ratio. As a result,
the contents 1-3 are re-encoded at the reduced bit rate to be
smaller in size prior to being recorded in the DVD (steps
S74-S77, steps S15-S18). To be more specific, the bit rate of
the content 1 is reduced from 7 Mbps to 4.56 Mbps (=0.65x7
Mbps) and thus the size is reduced to 2.1 gigabytes. The bit
rate of the content 2 is reduced from 6 Mbps to 3.9 Mbps
(=0.65x6 Mbps) and thus the size is reduced to 1.75
gigabytes. The bit rate of the content 3 is reduced from 3
Mbps to 1.9 Mbps (=0.65x3 Mbps) and thus the size is
reduced to 0.85 gigabytes.

[0172] As described above, according to the present
embodiment, all the contents to be backed up are re-encoded
prior to being recorded in the DVD. The backup processing
thus takes a relatively long time but image quality reduction
in each content is minimized as all the content are uniformly
reduced in size.

[0173] Note that the processing according to the embodi-
ment 3 may be applied to the embodiment 6. In the embodi-
ment 3, a user is allowed to request to preserve a free space
in a DVD for later recording a content, and the backup
processing is performed after preserving the requested free
space in the DVD. With this preservation processing applied
to the present embodiment, a user may request to preserve
a certain amount of free space in the DVD. In response, the
requested size of is subtracted from the capacity of the DVD,
and the remaining capacity is compared with the total size of
the contents selected to be backed up. In the case where the
total size exceeds the remaining capacity, the ratio between
the remaining capacity and the total size is calculated. By
multiplying the bit rate of each selected content by the
calculated ratio, the bit rate for re-encoding is calculated,
and each content is re-encoded at the calculated bit rate.
FIG. 21 shows the processing according to the embodiment
6 to which the embodiment 3 is applied. As shown in the
figure, the capacity of the DVD is 4.7 gigabytes, and 1.35
gigabytes thereof is preserved at a user request. The 1.35-
gigabyte capacity is large enough to store a 60-minute
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content at 3.4 Mbps bit rate (=1.35=(3 Mbpsx60(min)x60
(sec)/8). Since the requested free space is preserved, the
remaining capacity of the DVD is now 3.35 gigabytes
(=4.7-1.35), and the contents 1-3 are to be recorded in the
remaining capacity. The total size of the contents 1-3 is 4.05
gigabytes, which exceeds the remaining capacity. Thus, the
ratio between the remaining capacity and the total size of the
contents 1-3 is calculated, thereby obtaining the ratio of
0.827 (=3.35/4.05). Thus, the bit rate of each of the contents
1-3 is multiplied by 0.827. Each content is then re-encoded
at the calculated bit rate and recorded in the DVD.

[0174] According to the above processing, all the contents
selected to be backed up are reduced prior to being recorded
and the requested free space is preserved for future record-
ing.

[0175] Further, the processing according to the embodi-
ment 2 may be applied to the embodiment 6. To be applied
to the present embodiment is the processing for allowing a
user to select contents to be copied. The contents selected to
be copied are recorded in the DVD without re-encoding,
while the other contents are recorded after being re-encoded
at bit rates that are uniformly reduced from their original bit
rates. FIG. 22 is a view showing the processing according
to the embodiment 6 to which the embodiment 2 is applied.
As shown in the figure, the content 1 is selected by a user to
be copied. In response, 1.8 gigabytes corresponding to the
size of content 1 is subtracted from 4.7 gigabytes, which is
the capacity of the DVD. Accordingly, the remaining capac-
ity is calculated to be 2.8 gigabytes (=4.7-1.8), and the
judgment is made to determine whether the remaining
contents can be copied. In this case, the total size of the
remaining contents (the contents 1 and 2) is 3.15 gigabytes
(=1.8+1.35), which exceeds the remaining capacity of 2.9
gigabytes. Consequently, the ratio between the total size of
the contents to be backed up and the remaining capacity of
the DVD is calculated, thereby obtaining the ratio of 0.92
(=2.9/3.15). The bit rate 4 Mbps of the contents 2 and 3 is
multiplied by the calculated ratio of 0.92 to obtain the bit
rate 3.68 Mbps (=0.92x4 Mbps). The contents 2 and 3 are
re-encoded at the calculated bit rate, and then recorded in the
DVD. With this processing, a specific content is not sub-
jected any image quality degradation while the other con-
tents selected to be backed up are equally reduced.

[0176] Embodiment 7

[0177] An embodiment 7 is directed to a modification of
the embodiment 1 by applying edit functions thereto. Edit
functions provided for a user include dividing of a content.
In the embodiment 7, when it is judged that a content to be
backed up can not be recorded in a DVD, a user is allowed
to activate the edit functions to perform editing to divide the
content. To be more specific, the user is allowed to specify
a location at which the content is to be divided. The dividing
location of the content is represented by the reproduction
time counted from the beginning of the content, and the
content is divided into two before and after the location
corresponding to the specified time.

[0178] Then, judgment is made to determine whether a
first half of the content is below the capacity of the DVD. If
the size of the first half is bellow the capacity, the first half
is copied to the DVD without re-encoding. If the size of the
first half exceeds the capacity, the half is re-encoded so as to
be recorded in the DVD. Since the content to be re-encoded
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is a half of the original content, time taken for re-encoding
is shorter and degradation of the image quality is smaller in
comparison to those resulting from re-encoding the whole
content With this processing, the backup processing to the
first DVD is completed more quickly than the processing
performed without dividing the content.

[0179] Thereafter, the other half of the content is now
treated as one content and selected to be recorded in a
second DVD. The backup processing is completed through
the similar processing.

[0180] Hereinafter, description is given to the processing
according to the embodiment 7 by way of a specific example
shown in FIG. 23. As shown in the figure, the reproduction
time of the content 2 is 120 minutes and the size is 4.5
gigabytes, while the size of the content 1 is 1.35 gigabytes.
Thus, the contents 1 and 2 can not be recorded together in
one DVD. Here, a user activates the edit functions to specify
a location at which the content 2 is to be divided into two.
Here, the user specifies a location corresponding to about 65
minutes of reproduction time started from the beginning. In
response, the first half of the content 2 corresponding to 2.45
gigabytes (5(Mbps)x65(min)x60 (sec)/8) is recorded into
the first DVD along with the content 1. The other half of the
content corresponding to 55 minutes of reproduction time is
recorded in the second DVD along with the content 3.

[0181] As described above, according to the present
embodiment, at the time it is judged that contents to be
backed up cannot be recorded in one DVD, a user is allowed
to divide a content. Dividing a content achieves that time
taken for re-encoding is shorter and thus adverse influence
on the image quality is smaller in comparison with the
processing performed without dividing the content. Note
that although a content is divided in the present invention, it
is also applicable to partially delete a content. That is, in the
case where contents to be backed up can not be recorded in
one DVD, a user may activate the edit function to partially
delete a content. If the content size resulting from the partial
deletion is below the capacity of the DVD, the undeleted
part of the content is copied without re-encoding. On the
other hand, if the content size still exceeds the capacity, the
undeleted part of the content is re-encoded prior to being
recorded in the DVD.

[0182] Embodiment 8

[0183] Inthe embodiments 1-7, the description is given on
the assumption that contents are composed solely of VOBS.
In an embodiment 8, description is given to an improvement
in backup processing with management information taken
into account. Each piece of management information cor-
responds to a content, and includes reproduction route
information and VOB information. When there is a plurality
of contents, there is a plurality of pieces of management
information. The plurality of pieces management informa-
tion is all collectively contained in a single file called a
management file and stored in the HD or a DVD.

[0184] Now, description is given to the internal construc-
tion of the management file. FIG. 24 is a view showing the
internal construction of the management file. As shown in
the figure by a broken line arrow fs0, the management file
is composed of a plurality of pieces of VOB information
(VOB information #1, #2, #3, . . . ), and a plurality of pieces
of reproduction route information (reproduction route infor-
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mation #1, #2, #3, . . .). Each piece of “VOB information
#1, #2, #3 . . . 7 shows detailed information regarding a
corresponding one of the VOBs stored in the DVD. In the
figure, the broken lead line hsl indicates the details of the
VOB information #1 that corresponds to the VOB #1.

[0185] As indicated by the broken lead line hs1, the VOB
information #1 includes: a “VOB identifier” that uniquely
identifies a corresponding VOB; a “VOB recording date and
time” at which the corresponding VOB is recorded; a “video
encoding format” showing the compressed coding format of
the video stream multiplexed with the VOB, an “audio
encoding format” showing the compressed coding format of
the audio stream multiplexed with the VOB; and a “time
map” regarding the corresponding VOB.

[0186] The “time map” is a reference table to address the
start of each VOB by indirect referencing by time informa-
tion. By following the broken lead lines hs2 and hs3, the
time map is shown in the figure in more and more details. As
indicated by the broken lead line hs2, the time map is
composed of pieces of entry information each corresponding
to one of the VOBUs. Each piece of entry information is
composed of, as indicated by the broken lead line hs3,
“VOBU reproduction time” showing the time taken to
reproduce the VOBU, and a “VOBU size” showing the data
size of the VOBU. As the variable length compression
coding is employed, each VOBU including GOPs may differ
from each other in data size and reproduction time. Yet, with
reference to the “entry information™, it is possible to address
the beginning of picture data included in a VOBU that
corresponds to any reproduction time.

[0187] Now, description is given to the internal construc-
tion of the reproduction route information. The feature of the
reproduction route information is found in its notation. To be
more specific, since the management information includes
the time map, the reproduction route information is
described in the form of indirect referencing using the time
map as the reference table. The reproduction route informa-
tion is described in the form of indirect referencing in order
to eliminate the load otherwise imposed by updating the
reproduction route information every time the VOB is
edited. Now, the reproduction route information is described
in detail. As indicated by the broken lead line hs4, each piece
of reproduction route information is composed of a plurality
of pieces of cell information (cell information #1, #2,
#3...). As indicated by the broken lead line hs6, each piece
of cell information corresponds to one of the VOBs and is
composed of: the “VOB identifier” identifying the VOB;
“start location information” that is time information repre-
senting the location at which reproduction of the VOB starts;
and the “end location information” that is time information
representing the location at which reproduction of the VOB
ends. The segment of which start location and end location
are specified by the time information is referred to as a “cell”
and the array of the pieces of cell information represents the
reproduction order of the cells. The reproduction route
described in the above notation are divided into the follow-
ing two types: (1)one generated automatically by a recording
apparatus at the time the recording apparatus records the
VOB, and (2)one recorded in response to an editing opera-
tion inputted by a user. This is because VOBs may be
reproduced via a variety of reproduction routes.

[0188] FIG. 25 is a view schematically showing the
indirect referencing by the reproduction route information.

IPR2025-01314; Samsung
Ex. 1007 - Page 42



US 2003/0099460 Al

In the figure, each of VOB#1 and VOB#2 is composed of a
plurality of VOBUSs, and each VOBU includes a GOP. The
time map included in each piece of VOB information
specifies sector addresses each corresponding to one of the
GOPs as indicated by arrows ayl, ay2, ay3, and ayS5. These
sector addresses are indirectly referenced via the time map.
The arrows jyl, jy2, jy3, and 4 in the figure schematically
represent how a GOP is specified by the time information.
That is, the time information addresses, via the time map,
one of the GOPs included in the VOB (as represented by the
arrows jyl, jy2, jy3, and jy4). The reproduction route
information in the figure represents a reproduction route by
the set of time information indicated by the arrows jy1, jy2,
7y3 and jy4.

[0189] As apparent from FIG. 25, each content is com-
posed of at least one VOB, reproduction route information
specifying a reproduction route, and VOB information.
Contents may be freely edited by changing the start location
information and/or the end location information both
included in the cell information, or by changing the array of
pieces of the cell information included in the reproduction
route information.

[0190] Now, description is given to the processing per-
formed by the recording apparatus for recording the man-
agement file having the above construction and for backup
processing of contents.

[0191] The recording controller 14 according to the
embodiment 8 records, at the time of recording contents, the
management file into the HD along with VOBs. The record-
ing controller 14 then performs the processing to back up
contents from the HD to a DVD according to the processing
of the embodiment 3. In the embodiment 3, a certain size of
free space is subtracted from the capacity of the DVD prior
to the backup processing in order to preserve the free space
for future recording of contents. In the embodiment &,
however, rather than to preserve a free space for such a
purpose, the size corresponding to the management file is
subtracted from the capacity of the DVD prior to the backup
processing (It is also applicable to subtract the total size of
the management file in addition to the free space to be
preserved).

[0192] Consideration is now given to how to determine the
size of a management file to be subtracted. In the present
embodiment, each management file is considered to have a
fixed size, and the fixed size is subtracted from the capacity
of the DVD. The fixed size is set at the maximum size of a
management file. That is, the size of a management file is
estimated to be larger than it in most cases is, so as to allow
for adequate margin. There is an upper limit set for a
management file so that the size of the management file
never exceeds the upper limit no matter how many contents
are recorded. This is because a recording apparatus requires
the management file to be resident for reproducing contents.
If the management file may be unlimitedly larger, the
recording apparatus is likely to fail to keep the management
file resident.

[0193] After subtracting the file size of the management
file as above, the drive controller 15 sequentially copies
VOBs constituting a content from the HD to a DVD. In
addition, the drive controller 15 generates a management file
in the DVD and copies, from the management file stored in
the HD, reproduction route information and VOB informa-
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tion corresponding to the content recorded in the DVD. In
the case where the size of the management file generated in
the DVD is extremely small relative to the size of the
corresponding contents and thus regarded to be negligible, it
is applicable to perform the calculations used in the backup
processing by approximate calculation.

[0194] In the backup processing, in the case where the
capacity of the DVD falls short to copy all the contents to be
backed up, the drive controller 15 calculates a bit rate for
re-encoding similarly to the embodiments 1-7. The, the drive
controller 15 instructs the MPEG encoder 2 to perform
encoding at the calculated bit rate. As a result of the
encoding at this new bit rate, the data size of each VOBU is
reduced. Accordingly, prior to being recorded in the DVD,
the time map included in the VOB information is updated so
that the data size of each VOBU is in consistent with the
re-encoded size.

[0195] As described above, according to the present
invention, when a content includes management informa-
tion, a free space is preserved in a DVD for recording the
management information. A bit rate for re-encoding is then
calculated, and re-encoding is performed at the calculated bit
rate. Thus, contents and other necessary information are
recorded in the DVD in compliance with the DVD-Video
Recording Standards.

[0196] Up to this point, the present invention has been
described by way of the specific embodiments. Yet, these
embodiments are given merely as examples of a system with
which the best effect is likely to be achieved in the current
circumstances. The present invention may be modified with-
out departing from the gist. Exemplary modifications
include the following modifications (A)-(J).

[0197] (A) The features of the drive controller 15, the bit
rate calculator 16, and the GUI controller 17 described in the
embodiment 1 are implemented by a improved computer-
readable program as shown in the flowchart in FIGS. 3, 7,
8, 14, 15, 18, and 19. Thus, the program implementing the
features may be embodied separately from an apparatus for
performing the program. If the program is stored in a
computer-readable recording medium, the program may be
solely implemented through giving or lending the recording
medium. Alternatively, if the program is distributed over a
network, the program may be implemented through trans-
mission of the program via the network.

[0198] (B) The embodiments 1-2 are based on that the
recording medium (the first recording medium) for tempo-
rarily storing contents is an HD, and that the recording
medium (the second recording medium) for recording
backup copies is a DVD. Yet, this is merely one example,
and any other types of recording medium may be the first
and the second recording medium as long as the first
recording medium has a greater capacity than that of the
second recording medium. Examples of such recording
mediums include non-DVD optical discs, such as CD-R,
CD-RW, and magneto-optical discs such as PD, and MO.
Further, the examples include semiconductor memory cards,
such as compact flash cards, smart mediums, memory sticks,
multimedia cards, PCM-CIA cards. Further, the examples
include (i) magnetic recording disk such as flexible disks,
Super Disks, and Zip Clik!, and (ii) removable hard disk
drives, such as ORB, Jaz, Spar Q, Sylet, EZ Fley, and
microdrives.
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[0199] (C) In the embodiments 1 and 2, each content is
composed of at least one VOB obtained by encoding analog
video signals that have been analog-broadcasted. However,
a content may be obtained by encoding analog/digital video
signals that have been recorded in a video tape.

[0200] Alternatively, a content may be obtained by encod-
ing analog/digital video signals captured by a video camera.

[0201] (D) Although the MPEG encoder 2 encodes con-
tents with the MPEG 2 image compression/coding format,
other image compression/coding format (e.g., MPEG 1 or
MPEG 4) may be employed. Similarly, although the MPEG
decoder 5 decodes contents with the MPEG 2 image decom-
pression/decoding format, other image compression/coding
format (e.g., MPEG 1 or MPEG 4) may be employed.

[0202] (E) In the above embodiments, contents are
reduced by re-encoding the contents at a lower bit rate than
the originally allocated bit rate. Yet, reduction of contents
maybe achieved by altering the image compression/coding
format for example from MPEG 2 to MPEG 4 or from
MPEG 2 to MPEG 1. MPEG 1 is a format according to
which a content is encoded at a coding bit rate of 1-1.5
Mbps, which is suitable for recording into a CD-ROM.
MPEG 4 is a format according to which a content is encoded
at a coding bit rate of 64-128 Kbps, which is suitable for
displaying on a small-sized liquid crystal display of a
cellular phone.

[0203] If a content is re-encoded with one of the above
coding formats, the size of the content is greatly reduced.
Unlike MPEG 2, however, these formats do not sufficiently
support the image quality provided by TV broadcasting, and
thus result in extremely degraded image quality. For the sake
of image quality of the re-encoded contents, it is most
preferable to re-encode a content, as shown the embodi-
ments 1-7, at a lower bit rate so that the re-encoded content
is reduced to an appropriate size to be recorded in the DVD.

[0204] (F) In the above embodiments, VOBs are multi-
plexed with a video stream and an audio stream. Yet, the
VOBs may be additionally multiplexed with a sub-video
stream corresponding to run-length decoded subtitles, or
with other control information.

[0205] (G) When copy generation information (CGI) is
embedded within a content, it is preferable to perform the
backup processing from the HD to a DVD in compliance
with the copy generation information. The copy generation
information indicates one of the flowing states: “copy free”
showing that the content can be freely copied; “one genera-
tion copy” showing that the content can copied only once;
“no more copy” showing that the content is prohibited to be
copied any more since the content itself is a duplicate of an
original; and “never copy” showing that the content is
prohibited to be copied on any condition. Thus, the backup
of the content from the HD to a DVD is carried out only
when the copy generation information indicates the “copy
free” state or the “one generation copy”, and the backup of
the content is to be prohibited when the copy generation
information indicates the “no more copy” sate or the “never
copy” state.

[0206] (H) When rights management information is
attached to a content, it is preferable to perform the backup
processing from the HD to a DVD in compliance with the
rights management information. For example, when the
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rights management information specifies a limited number
of copying to be made, the backup processing of the content
is performed only when the management information per-
mits. In another example, when the rights management
information limits a valid period within which the content is
allowed to be copied, the backup of the content is performed
only when the management information permits.

[0207] (I) Copying of a content may include various types
of copying, such as “move”, “migrate”, and “check-out”. In
this case, each type of copying may be performed in
compliance with usage condition that is separately deter-
mined for each type of copying. The move processing is a
type of copying which involves deletion of the original
content, and performed to move a content between two
recording mediums.

[0208] The migrate processing is a type of copying which
involves generation of usage condition information in a
recording medium to which the content is copied.

[0209] The check-out processing is a type of copying
allowed within a limited number of times. Thus, this type of
copying is preceded by decrement of the limited number of
times. The following are difference between the check-out
processing and generally-referred copying with a limited
number of times. That is, in the check-out processing, it is
possible to increment the limited number of times. The
increment is performed after disabling the content that has
been copied to a recording medium (this disabling process-
ing is referred to as “check-in”).

[0210] (J) In the above embodiments, the description is
given to an example to make backup copies of contents that
are stored in the HD to a DVD. It is noted that the contents
may be music contents, and the portable recording medium
may be a semiconductor memory card. Comparing with an
HD, a semiconductor memory card is smaller in capacity.
Thus, it is likely that the capacity of a semiconductor
memory card fall short to copy a plurality of contents from
the HD. In such a case, contents are re-encoded to reduce the
size prior to being recorded in the semiconductor memory
card. If the contents have been compression encoded by a
compression coding format, such as MP3 (MPEG
LAYER3), or MPEG-AAC (Advanced Audio), the bit rate to
be allocated is variable on each audio frame. Thus, when the
capacity of the semiconductor memory card falls short to
copy the contents, one or more of the contents are re-
encoded. Here, as described in the embodiment, the re-
encoding is performed at a bit rate that is so calculated that
the resulting contents will be an appropriate size to be
recorded in the semiconductor memory card. As a result, the
contents stored in the HD are recorded in the semiconductor
memory card.

[0211] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be
construed as being included therein.

What is claimed is:

1. Arecording apparatus for writing a plurality of contents
stored in a first recording medium to a second recording
medium that is smaller in capacity than the first recording
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medium, each content being obtained by encoding moving
pictures, the recording apparatus comprising:

a first duplicating unit operable to copy at least one of the
contents to the second recording medium; and

a second duplicating unit operable to re-encode a remain-
ing one of the contents to reduce a size thereof, and to
write the re-encoded content to the second recording
medium, wherein

a bit rate to be allocated to the remaining content upon
re-encoding is determined based on

(i) a residual capacity of the second recording
medium that is left after subtracting, from a cur-
rent capacity, a size of the content to be copied by
the first duplicating unit, and

(i) a reproduction time of the remaining content to
be re-encoded by the second duplicating unit.

2. The recording apparatus of claim 1, further comprising

a detecting unit operable to detect a bit rate allocated to
each of the contents stored in the first recording
medium, wherein

the remaining content to be re-encoded by the second
duplicating unit is a content whose bit rate exceeds
a predetermined indicator, and

the indicator is determined based on

(i) the residual capacity of the second recording
medium, and

(ii) a total reproduction time of the contents stored in
the first recording medium other than the content
to be copied by the first duplicating unit.

3. The recording apparatus of claim 1, further comprising:

a detecting unit operable to detect a bit rate allocated to
each of the contents stored in the first recording
medium;

a display unit operable to display a degradation ratio for
the remaining content to be re-encoded, the degradation
ratio being a ratio between the detected bit rate and the
bit rate to be allocated; and

a receiving unit operable to receive, after the degradation
ratio is displayed, a user input instructing whether to
perform the re-encoding, wherein

the second duplicating unit performs the re-encoding
only in response to the user input instructing to do so.

4. The recording apparatus of claim 1, further comprising:

a display unit operable to display time required for
re-encoding the remaining content, the time required
for re-encoding being equal to reproduction time of the
remaining content; and

areceiving unit operable to receive, after the reproduction
time is displayed, a user input instructing whether to
perform the re-encoding, wherein

the second duplicating unit performs the re-encoding
only in response to the user input instructing to do so.
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5. The recording apparatus of claim 1, further comprising

a receiving unit operable to receive a user input specifying
a content, among the plurality of contents stored in the
first recording medium, to be recorded without any
image degradation,

the content to be copied by the first duplicating unit is the
user-specified content, and

the remaining content to be re-encoded by the second
duplicating unit is a content other than the user-speci-
fied content.

6. The recording apparatus of claim 5, further comprising

a detecting unit operable to detect a bit rate allocated to
each of the contents stored in the first recording
medium, wherein

the remaining content to be re-encoded by the second
duplicating unit is a content other than the user-
specified content and whose bit rate exceeds a pre-
determined indicator,

the indicator is determined based on

(i) the residual capacity of the second recording
medium, and

(ii) a total reproduction time of the contents stored in
the first recording medium other than the content
to be copied by the first duplicating unit, and

the residual capacity of the second recording medium is
obtained by subtracting the size of the user-specified
content from the current capacity.

7. The recording apparatus of claim 1, further comprising

a receiving unit operable to receive a user input specifying
a space size to be preserved in the second recording
medium, wherein

the current capacity of the second recording medium is
obtained by subtracting in advance the specified
space size.
8. The recording apparatus of claim 1, wherein

the number of contents stored in the first recording
medium is n, and

the number of contents to be written to the second
recording medium is m, n and m each being an integer
greater than 1 and satisfying n>m,

the recording apparatus further comprising:

a generating unit operable to generate nCm different
combinations of m contents out of the n contents;
and

a calculating unit operable to calculate, for each of the
nCm combinations, a ratio between a total size of m
contents included in the combination and the residual
capacity of the second recording medium, wherein

the content to be copied by the first duplicating unit

and the remaining content to be re-encoded by the

second duplicating unit are included in a combi-

nation with a highest ratio among the nCm com-
binations.

9. The recording apparatus of claim 1, further comprising:

an extracting unit operable to sequentially extract the
contents stored in the first recording medium; and
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a judging unit operable to judge whether the residual
capacity of the second recording medium is larger than
the size of an extracted content, wherein

the extracted content is the content to be copied by the
first duplicating unit, and

the copying is performed only when the residual capac-
ity of the second recording medium is judged to be
larger than the size of the extracted content.
10. The recording apparatus of claim 9, wherein

each time the first duplicating unit performs the copying,
the residual capacity of the second recording medium is
decreased by a size of the copied content,

the extracted content is the remaining content to be
re-encoded by the second duplicating unit, and

the re-encoding is performed only when the residual
capacity of the second recording medium after the
decrease is judged to be smaller the size of the extracted
content.

11. The recording apparatus of claim 10, wherein

the extracting unit extracts the contents in order of pri-
orities assigned to each content,

the recording apparatus further comprising:

a receiving unit operable to receive a user input speci-
fying the content to be copied by the first duplicating
unit; and

a detecting unit operable to detect a content whose bit
rate allocated thereto is below a predetermined indi-
cator, wherein

the indicator is determined based on

() the residual capacity of the second recording
medium that is left after subtracting a size of the
user-specified content, and

(ii) a total reproduction time of the contents stored
in the first recording medium other than the
content to be copied by the first duplicating
unit, and

the user-specified content has a highest priority and the
content detected by the detecting unit has a second
highest priority.

12. A program run by a computer for writing a plurality
of contents stored in a first recording medium to a second
recording medium that is smaller in capacity than the first
recording medium, each content being obtained by encoding
moving pictures, the program comprising:

a first duplicating step of copying at least one of the
contents to the second recording medium; and

a second duplicating step of re-encoding a remaining one
of the contents to reduce a size thereof, and writing the
re-encoded content to the second recording medium,
wherein

a bit rate to be allocated to the remaining content upon
re-encoding is determined based on

(i) a residual capacity of the second recording
medium that is left after subtracting, from a cur-
rent capacity, a size of the content to be copied in
the first duplicating step, and
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(i) a reproduction time of the remaining content to
be re-encoded in the second duplicating step.

13. The program of claim 12, further comprising

a detecting step of detecting a bit rate allocated to each of
the contents stored in the first recording medium,
wherein

the remaining content to be re-encoded in the second
duplicating step is a content whose bit rate exceeds
a predetermined indicator, and

the indicator is determined based on

(i) the residual capacity of the second recording
medium, and

(ii) a total reproduction time of the contents stored in
the first recording medium other than the content
to be copied in the first duplicating step.

14. The program of claim 12, further comprising:

a detecting step of detecting a bit rate allocated to each of
the contents stored in the first recording medium;

a display step of displaying a degradation ratio for the
remaining content to be re-encoded, the degradation
ratio being a ratio between the detected bit rate and the
bit rate to be allocated; and

a receiving step of receiving, after the degradation ratio is
displayed, a user input instructing whether to perform
the re-encoding, wherein

the re-encoding in the second duplicating step is per-
formed only in response to the user input instructing
to do so.

15. The program of claim 12, further comprising:

a display step of displaying time required for re-encoding
the remaining content, the time required for re-encod-
ing being equal to reproduction time of the remaining
content; and

a receiving step of receiving, after the reproduction time
is displayed, a user input instructing whether to per-
form the re-encoding, wherein

the re-encoding in the second duplicating step is per-
formed only in response to the user input instructing
to do so.

16. The program of claim 12, further comprising
a receiving step of receiving a user input specifying a
content, among the plurality of contents stored in the

first recording medium, to be recorded without any
image degradation,

the content to be copied in the first duplicating step is the
user-specified content, and

the remaining content to be re-encoded in the second
duplicating step is a content other than the user-speci-
fied content.

17. The program of claim 16, further comprising

a detecting step of detecting a bit rate allocated to each of
the contents stored in the first recording medium,
wherein
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the remaining content to be re-encoded in the second
duplicating step is a content other than the user-
specified content and whose bit rate exceeds a pre-
determined indicator,

the indicator is determined based on

(i) the residual capacity of the second recording
medium, and

(ii) a total reproduction time of the contents stored in
the first recording medium other than the content
to be copied in the first duplicating step, and

the residual capacity of the second recording medium is
obtained by subtracting the size of the user-specified
content from the current capacity.

18. The program of claim 12, further comprising

a receiving step of receiving a user input specifying a
space size to be preserved in the second recording
medium, wherein

the current capacity of the second recording medium is
obtained by subtracting in advance the specified
space size.
19. The program of claim 12, wherein

the number of contents stored in the first recording
medium is n, and

the number of contents to be written to the second
recording medium is m, n and m each being an integer
greater than 1 and satisfying n>m,

the program further comprising:

a generating step of generating nCm different combi-
nations of m contents out of the n contents; and

a calculating step of calculating, for each of the nCm
combinations, a ratio between a total size of m
contents included in the combination and the residual
capacity of the second recording medium, wherein

the content to be copied in the first duplicating step
and the remaining content to be re-encoded in the
second duplicating step are included in a combi-
nation with a highest ratio among the nCm com-
binations.
20. The program of claim 12, further comprising:

an extracting step of sequentially extracting the contents
stored in the first recording medium; and

a judging step of judging whether the residual capacity of
the second recording medium is larger than the size of
an extracted content, wherein

the extracted content is the content to be copied in the
first duplicating step, and

the copying is performed only when the residual capac-
ity of the second recording medium is judged to be
larger than the size of the extracted content.
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21. The program of claim 20, wherein

each time the copying in the first duplicating step is
performed, the residual capacity of the second record-
ing medium is decreased by a size of the copied
content,

the extracted content is the remaining content to be
re-encoded in the second duplicating step, and

the re-encoding is performed only when the residual
capacity of the second recording medium after the
decrease is judged to be smaller the size of the extracted
content.

22. The program of claim 21, wherein

the contents is extracted in the extracting step in order of
priorities assigned to each content,

the program further comprising:
a receiving step of receiving a user input specifying the
content to be copied in the first duplicating step; and
a detecting step of detecting a content whose bit rate

allocated thereto is below a predetermined indicator,
wherein

the indicator is determined based on

() the residual capacity of the second recording
medium that is left after subtracting a size of the
user-specified content, and

(ii) a total reproduction time of the contents stored
in the first recording medium other than the
content to be copied in the first duplicating step,
and

the user-specified content has a highest priority and the
content detected in the detecting step has a second
highest priority.

23. A recording medium storing a program according to
any one of claims 12-22.

24. A recording method for writing a plurality of contents
stored in a first recording medium to a second recording
medium that is smaller in capacity than the first recording
medium, each content being obtained by encoding moving
pictures, the recording method comprising:

a first duplicating step of copying at least one of the

contents to the second recording medium; and

a second duplicating step of re-encoding a remaining one

of the contents to reduce a size thereof, and writing the
re-encoded content to the second recording medium,
wherein
a bit rate to be allocated to the remaining content upon
re-encoding is determined based on
(i) a residual capacity of the second recording
medium that is left after subtracting, from a cur-
rent capacity, a size of the content to be copied in
the first duplicating step, and
(i) a reproduction time of the remaining content to
be re-encoded in the second duplicating step.
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