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REPRODUCING APPARATUS, RECORDING
APPARATUS AND RECORDING/

cessing unit for presenting the data stored on the ?rst and
second target storage media; and a controller for controlling

REPRODUCING APPARATUS

the changer, the drive, the data processing unit and the

BACKGROUND OF THE INVENTION

second storage. Before the data processing unit starts to
present the data stored on the ?rst and second target storage
media, the controller controls the ?rst storage to read out at

The present invention generally relates to recording and

least part of the data stored on one of the ?rst and second

reproduction of data, and more particularly relates to a

target storage media as bridging data and controls the second
storage to store the read bridging data. When the data
processing unit starts to present the data stored on the ?rst
and second target storage media, the controller controls the
second storage to supply the bridging data to the data

technique of continuously recording and reproducing AV
data in a system, like a disk changer, in Which a plurality of
storage media can be housed.

10

Various types of storage media, including hard disk,
optical disk, ?oppy disk and semiconductor memory, have
been used for storing digital data thereon. Among these
media, an optical disk has been used most frequently as a

processing unit during a period in Which reading the data
stored on the ?rst and second target storage media is
15

medium for storing recyclable digital data thereon, because
an optical disk is advantageous in portability and capacity.

media continuously.

Also, in most cases, the data stored on such a storage
medium has been of a small siZe, e.g., text data or still

According to the present invention, While data, stored in
?rst and second target storage media, is being presented

picture data on the order of several tens megabytes.
HoWever, in recent years, the demand for a storage

through a data processor, part of the data is supplied as

bridging data by the second storage to the data processor

medium that can store data of a much greater siZe, like

moving picture data on the order of several gigabytes, has
been increasing day after day. In recording such an enor
mous quantity of data, hoWever, a single storage medium
can rarely meet the capacity required for recording the data

such that the data can be presented continuously even if data

reading is discontinued by the exchange of storage media.
25

entirely. The same is true of even a large-capacity storage
medium such as a DVD-RAM.

For example, as for a laser disc (LD), if data cannot be
recorded entirely on a single side thereof, then the data is
separately recorded on both sides thereof to avoid the
problem of insuf?cient capacity. On the other hand, a

recording/reproducing apparatus using a disk changer com
pensates for the shortage of capacity by recording data on a
plurality of disks.
Regarding text data or still picture data, the recording and
reproducing operations thereof do not have to be performed

35

In another embodiment of the present invention, the
controller controls the ?rst storage to read out part of the
data to be presented, Which is stored on the ?rst target
storage medium, as the bridging data before the data pro
cessing unit presents the data stored on the ?rst and second

HoWever, if moving picture data is recorded in real time

target storage media. When the data processing unit presents

on both sides of an LB or on a plurality of disks, then it is
45

disks or different sides, it takes a rather long time to reverse
the side to be reproduced from recto into verso or to

exchange the disks to be reproduced. Accordingly, the

In still another embodiment, the controller controls the
?rst storage to read out part of the data to be presented,
Which is stored on the second target storage medium, as the

bridging data before the data processing unit presents the
55

SUMMARY OF THE INVENTION

An object of this invention is providing reproducing

data stored on the ?rst and second target storage media.
When the data processing unit presents the data stored on the
?rst and second target storage media, the controller controls
the ?rst storage and the second storage in such a manner that
part of the data to be presented, Which is stored on the ?rst

target storage medium, is supplied to the data processing
unit, and then the bridging data is supplied to the data

apparatus, recording apparatus and recording/reproducing
apparatus alloWing for continuous reproduction and record
ing of data from/on a plurality of storage media.
A reproducing apparatus according to the present inven
tion includes: a ?rst storage including a changer for housing
a plurality of storage media and a drive for reading out data
from ?rst and second target storage media selected from the
storage media in that order; a second storage; a data pro

the data stored on the ?rst and second target storage media,
the controller controls the ?rst storage and the second
storage in such a manner that the bridging data is supplied
to the data processing unit and then part of the data to be
presented, Which is stored on the second target storage

medium, is supplied to the data processing unit.

reproduction of the data may be discontinued because such
an operation of reversing the side or exchanging the disks
should be performed. Similarly, in recording data on differ
ent disks or different sides, the supply of the data must be
suspended While the side to be recorded is reversed from

exchanged.

data is supplied to the data processing unit, and then a
remaining part of the data stored on the ?rst and second
target storage media, Which is to be presented after the

bridging data, to the data processing unit by the ?rst storage.

recorded on a plurality of disks separately so long as disks
are exchanged every time data has been Written on a single
disk.

recto into vero so or While the disks to be recorded are

Thus, data, Which is stored on a plurality of storage media,
can be continuously presented to the user Without making
him or her Wait for the time required for exchanging the
storage media and getting ready to read it out.
In one embodiment of the present invention, the controller
controls the ?rst storage and the second storage in such a
manner that part of the data, Which is to be presented before
the bridging data, is read out and supplied to the data

processing unit by the ?rst storage, and then the bridging

in real time. Accordingly, there is no problem if such data is

dif?cult to maintain satisfactory continuity for the data
stored. Speci?cally, in reproducing data stored on different

discontinuous because of exchange of the ?rst target storage
medium for the second target storage medium, so as to
present the data stored on the ?rst and second target storage

processing unit.
In still another embodiment, the controller judges Whether
or not the bridging data is stored on the second storage
before the bridging data is read out and stored on the second
65

storage, and controls the second storage to store the bridging
data When the bridging data is not stored on the second

storage.
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In still another embodiment, the second storage is acces
sible at a speed equal to or higher than a speed at Which the
?rst storage is accessible.

media as bridging data, and controls the ?rst storage and the
second storage to read out the bridging data from the one of
the ?rst and second target storage media and to store the read
bridging data When the bridging data is not stored on the
second storage. When the data processing unit starts to
present the data stored on the ?rst and second target storage
media, the controller controls the second storage to supply
the bridging data to the data processing unit during a period
in Which reading the data stored on the ?rst and second target
storage media is discontinuous because of exchange of the
?rst target storage medium for the second target storage

A recording apparatus according to the present invention
includes: a ?rst storage including a changer for housing a
plurality of storage media and a drive for recording data onto
?rst and second target storage media selected from the
storage media in that order; a second storage; a data pro
cessing unit for supplying the data to be recorded to one of
the ?rst storage and the second storage; and a controller for

controlling the ?rst storage, the second storage and the data
processing unit. The controller controls the second storage to
store part of the data supplied from the data processing unit
as bridging data during a period in Which recording by the
?rst storage is discontinuous because of exchange of the ?rst
target storage medium for the second target storage medium,

10

medium, so as to present the data stored on the ?rst and

second target storage media continuously.
15

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a system con?gu

and controls the ?rst storage and the second storage to store
the bridging data onto one of the ?rst and second target

ration of a DVD-RAM changer apparatus as an exemplary

storage media by the ?rst storage.
According to the present invention, during an interval in

invention.
FIG. 2 illustrates an example of on-medium information
managed by a disk manager 60 shoWn in FIG. 1.
FIG. 3 illustrates recorded and recordable areas of ?rst
and second disks, selected as respective targets on Which
data should be Written, before a ?rst exemplary data record

recording/reproducing apparatus according to the present

Which recording of data on the ?rst storage is discontinued

by the exchange of storage media, part of the data supplied
from the data processor is temporarily stored as bridging
data on the second storage. As a result, it is possible to
ensure continuity for the data recording operation. That is to

ing operation is started.
FIG. 4 illustrates respective recorded areas of the ?rst and
second disks shoWn in FIG. 3 after the ?rst data recording

say, even if data should be recorded in real time on a

plurality of storage media, that data can be recorded Without
missing any part of it.
In one embodiment of the present invention, in recording
data continuously on ?rst and second target storage media,
if the controller has determined that a residual capacity of
the ?rst target storage medium is about to reach a predeter
mined quantity While the data to be recorded is being Written
on the ?rst target storage medium, then the controller gets
the predetermined quantity of the data yet to be recorded

operation has been performed.
FIG. 5 illustrates recorded and recordable areas of ?rst
and second disks, selected as respective targets on Which
data should be Written, before a second exemplary data

recording operation is started.
FIG. 6 illustrates respective recorded areas of the ?rst and
second disks shoWn in FIG. 5 after the second data recording

operation has been performed.

Written on the second storage as the bridging data. And the

FIG. 7 illustrates respective reproducible areas of ?rst and
second disks, selected as respective targets from Which data
should be read out, in a ?rst exemplary data reproducing

controller makes the ?rst storage Write the remaining data,
except for the bridging data, on the second target storage
medium.

operation.

In another embodiment, in recording data continuously on
?rst and second target storage media, if the controller has
determined that a residual capacity of the ?rst target storage
medium is about to reach Zero While the data to be recorded

is being Written on the ?rst target storage medium, then the
controller gets a predetermined quantity of the data yet to be
recorded Written on the second storage as the bridging data,
and makes the ?rst storage Write the remaining data, except
for the bridging data, on the second target storage medium
such that the second target storage medium has a residual

45

a fourth exemplary data reproducing operation.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

capacity corresponding to the predetermined quantity.
In still another embodiment, the second storage is acces
sible at a speed equal to or higher than a speed at Which the

FIG. 1 illustrates a system con?guration of a DVD-RAM

?rst storage is accessible.

A recording and reproducing apparatus according to the

55

present invention includes: a ?rst storage including a
changer for housing a plurality of storage media and a drive

target disk 1 and supplies the read data to the external unit
80. The changer section 10 includes: a disk changer 11 for
selecting, as the target disk, one of a plurality of disks 1
housed therein; and a disk drive 12 for Writing or reading

controller for controlling the changer, the drive, the data
processing unit and the second storage. Before the data

data on/from the target disk 1 selected by the disk changer

processing unit starts to present the data stored on the ?rst
Whether or not the second storage stores at least part of the
data stored on one of the ?rst and second target storage

changer apparatus as an exemplary recording/reproducing
apparatus according to the present invention. The DVD
RAM changer apparatus can house a plurality of disks (i.e.,
DVD-RAM disks) 1, as exemplary storage media, in a
changer section 10. This apparatus Writes data, Which has
been input from an external unit 80 functioning as a data
processing unit, on a target disk 1, or reads out data from a

for reading out data from ?rst and second target storage
media selected from the storage media in that order; a
second storage; a data processing unit for presenting the data
stored on the ?rst and second target storage media; and a

and second target storage media, the controller judges

FIG. 8 illustrates respective areas of ?rst and second
disks, selected as respective targets from Which data should
be read out, in a second exemplary data reproducing opera
tion.
FIG. 9 illustrates rearranged version of the on-medium
information shoWn in FIG. 2.
FIG. 10 is a ?oWchart illustrating the processing How of

65

11.
The DVD-RAM changer apparatus shoWn in FIG. 1
further includes a ?xed storage, or a hard disk drive (HDD)

US 6,292,626 B1
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30, as an exemplary internal storage device. The apparatus
also includes ?rst and second selectors 40 and 50 for
selecting either the changer section 10 or the HDD 30 as the

changer 11, the controller 70 controls the disk drive 12 to
Write the disk ID and the ?le ID’s thereof, managed by the
disk manager 60, onto the disk 1.
Furthermore, the disk manager 60 also manages the siZe

destination on/from Which data is Written or read out. The
apparatus further includes a disk manager 60 for managing

of a recordable area on each disk 1 as another piece of the

on-medium information about respective disks 1 housed in
the changer section 10 generally. The on-medium informa

on-medium information.

Data Recording Operation
Hereinafter, exemplary data recording operations per

tion is stored in the disk manager 60 as a disk management

table. And the apparatus is also provided With a controller 70

for controlling the changer section 10, HDD 30 and ?rst and

10

second selectors 40 and 50 by reference to the on-medium

FIG. 1 Will be described. In this case, the apparatus shoWn
in FIG. 1 operates as a recording apparatus of the present
invention.

information managed by the disk manager 60 and thereby
recording and reproducing data. The controller 70 also
updates the on-medium information managed by the disk
manager 60.
In recording, the external unit 80 may convert the format
of video and/or audio data into that adapted to be recorded
on an optical disk. In reproducing, the external unit 80

performs signal processing on data, supplied from the
changer section 10 (i.e., exemplary ?rst storage) or the HDD
30 (i.e., exemplary second storage) if necessary, and then

(First exemplary operation)
15

apparatus can also record data, Which has been externally
supplied, on a plurality of disks 1 housed in the changer
section 10, Without failing to record any part of the data.
FIG. 2 illustrates an example of the on-medium informa
tion managed by the disk manager 60. As shoWn in FIG. 2,
the disk manager 60 manages disk ID’s for identifying

data should be Written, before the data recording operation
disks are shoWn on the right as respective bands each
20

25

30

of data supplied from the external unit 80 during a time
required for the disk changer 11 to exchange disks 1 and for
the disk drive 12 to get ready to Write data thereon, is
selected as the ?rst disk. In this speci?cation, such a quantity
Will be called a “disk-exchange-enabling quantity”.

The “disk-exchange-enabling quantity” is determined
depending on the disk exchange performance of the disk
changer 11 and the speed at Which data is supplied from the

?les stored on each of these disks 1 as the on-medium
35
information using a tree structure. In this embodiment, a ?le
stored on each disk 1 is supposed to be a TV program for the
illustrative purpose only. Once data has been recorded on a
40

date and time, When data Was recorded on the disk 1 for the
?rst time, are recorded as a disk ID thereof. For example, if

external unit 80. Suppose the longest time required for
exchanging disks is T (s) and data is supplied from the
external unit 80 at m (Mbps). Then, the disk-exchange

enabling quantity is mT (Mbit).
First, the controller 70 instructs the disk drive 12 of the
changer section 10 to Write data on the ?rst disk. At the start

of the data recording, the ?rst and second selectors 40 and
50 are connected to terminals b and d, respectively. That is
to say, the data to be recorded, supplied from the external

unit 80, is provided to the disk drive 12 of the changer
section 10, thereby starting to Write the data onto the ?rst

data Was ?rst recorded on a disk 1 at 23:00:00 on Mar. 10,

1998, then a disk ID “1998-03-10-23-00-00” Would be
recorded on the disk 1. Also, on each of the disks 1, the date
and time When the recording of a program Was started and

including recorded and/or recordable area(s). As shoWn in
FIG. 3, part of the recording area has already been recorded
on the ?rst disk, Whereas the recording area on the second
disk is entirely recordable. In this case, a disk having a
recordable area, Which can afford to record a certain quantity

respective disks 1 and ?le ID’s for identifying respective

certain disk 1, the controller 70 updates the on-medium
information managed by the disk manager 60.
On each of the disks 1 housed in the disk changer 11, the

FIG. 3 illustrates recorded and recordable areas of ?rst
and second disks, selected as respective targets on Which

is started. In FIG. 3, recording areas of the ?rst and second

presents the data processed to the user.
The DVD-RAM changer apparatus shoWn in FIG. 1 can
reproduce data, Which is stored on a plurality of disks 1

housed in the disk changer 11, While maintaining complete
continuity for the data reproducing operation. Also, this

formed by the DVD-RAM disk changer apparatus shoWn in

disk.
45

Referring to the on-medium information, managed by the
disk manager 60, the siZe of the recordable area on the ?rst

disk before the data recording is started can be knoWn. Also,

the number of a channel on Which the program Was broad
the quantity of data already recorded can be detected from
cast are recorded as a ?le ID thereof. For instance, if the
the operation of the disk drive 12. Thus, When the controller
recording of a program Was started at 23:00:00 on Mar. 10, 50 70 judges that the siZe of the residual recordable area on the

1998 and the channel number Was “1”, then a ?le ID
“1998-03-10-23-00-00-01”Would be recorded on the disk 1.

?rst disk has almost reached the disk-exchange-enabling
quantity, the controller 70 turns the second selector 50 to a
terminal c. As a result, the data supplied from the external
unit 80 starts to be input to the HDD 30, and data of a

Furthermore, if a single program Was recorded on a

plurality of disks 1, then an ordinal number representing the
order of recording is appended as a sub-ID to each ?le ID.
For example, if the recording of a program broadcast on
channel No. 1 Was started at 20:00:00 on Mar. 15, 1998 and
if the program Was recorded on a plurality of disks 1, then
?le ID’s “1998-03-15-20-00-00-01-01” and “1998-03-15
20-00-00-01-02” Would be recorded on the ?rst and second

55

After the controller 70 has turned the second selector 50
to the terminal c, the controller 70 instructs the disk changer
11 to exchange the ?rst disk for the second disk. And after
60

disks 1, respectively.
Suppose a disk 1 has been neWly inserted into the disk
changer 11. Then, the controller 70 controls the disk drive 12
to read the disk ID and ?le ID’s from the disk 1. Next, the
controller 70 has the disk ID and ?le ID’s neWly managed
by the disk manager 60 as neW pieces of on-medium
information. Also, if a disk 1 has been ejected from the disk

quantity equal to the disk-exchange-enabling quantity is
recorded on the HDD 30 as bridging data.

the disk changer 11 has exchanged the disks and the disk
drive 12 is ready to Write data on the second disk, the
changer section 10 noti?es the controller 70 of that and
enters a Waiting state. In response to the noti?cation that the

65

changer section 10 gets ready to Write data on the second
disk, the controller 70 Waits for a noti?cation from the HDD
30. Once the HDD 30 has recorded the bridging data, the
HDD 30 noti?es the controller 70 of that. In response to the

US 6,292,626 B1
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noti?cation, reporting the completion of bridging data
recording, from the HDD 30, the controller 70 turns the
second selector 50 to the terminal d and instructs the disk

recorded the bridging data, the controller 70 turns the second
selector 50 to the terminal d. As a result, Writing data onto
the second disk is started.

drive 12 to start to Write data on the second disk. In this
manner, no sooner has the bridging data been recorded than
Writing data on the second disk can be started Without any

Once the data has been Written on the second disk, the
controller 70 turns the ?rst selector 40 to the terminal a. As
a result, the bridging data, Which Was Written on the HDD 30

discontinuity.

during the disk exchange, is Written onto a predetermined

After all of the data to be Written has been recorded, the
controller 70 instructs the disk changer 11 to exchange the
second disk for the ?rst disk and turns the ?rst selector 40
to the terminal a. As a result, the bridging data, Which Was
Written on the HDD 30 during the disk exchange, is Written

portion of the residual recordable area on the second disk.

By performing these operations, the data supplied from
10

Without failing to record any part of the data, even if the data
should be recorded in real time.
FIG. 6 illustrates respective recorded areas of the ?rst and

onto the residual recordable area on the ?rst disk.

second disks after the data recording operation has been

FIG. 4 illustrates respective recorded areas on the ?rst and

second disks after the data recording operation has been

15

completed. As shoWn in FIG. 4, data is ?rst Written on an

C is temporarily Written on the HDD 30 and then data is
Written on an area B of the second disk. The bridging data,
Which Was recorded on the HDD 30 during the disk
exchange, is Written on the remaining area C of the ?rst disk
after the data recording operation has been once ?nished.

recording operation has been once ?nished.
In the ?rst and second exemplary data recording opera
tions described above, data is supposed to be recorded on
tWo disks. HoWever, the present invention is naturally appli

By performing these operations, the data supplied from
the external unit 80 can be recorded on a plurality of disks

25 cable to recording data on three or more disks. It should be

noted that in recording data on three or more disks, the ?rst

(Second exemplary operation)

and second exemplary operations may be performed in

In the second exemplary operation, data is continuously

combination if necessary.
Furthermore, the selection of a next disk may be post

Written on the ?rst disk until no recordable area is left, and

the bridging data, temporarily recorded on the HDD 30, is
Written on the second disk after the data recording operation

poned until the residual recordable area on a disk, on Which

data is noW being Written, is about to reach the disk
exchange-enabling quantity or Zero, instead of selecting a

has been once ?nished.

plurality of disks in advance.

FIG. 5 illustrates recorded and recordable areas of ?rst
and second disks, selected as respective targets on Which

data should be Written, before the data recording operation
is started. As shoWn in FIG. 5, respective parts of the
recording areas have already been recorded on both the ?rst
and second disks. Also, in this example, a disk having a
recordable area, the siZe of Which is much greater than the
disk-exchange-enabling quantity, is selected as the second
disk.
First, the controller 70 instructs the disk drive 12 of the
changer section 10 to Write data on the ?rst disk. At the start
of the data recording, the ?rst and second selectors 40 and
50 are connected to the terminals b and d, respectively. That
is to say, the data to be recorded, supplied from the external

Moreover, the bridging data need not be physically con
35

tinuous on an optical disk With data to be read out imme

diately before or after the bridging data has been read out.
This is because the data recorded can be read out continu

ously by seeking a disk so long as the addresses of the
bridging data and other data are knoWn. It should be noted
that the disk drive 12 includes a memory functioning as a

buffer. Accordingly, seek time betWeen the reproduction of
the bridging data and that of other data can be absorbed by
this memory.
45

Data Reproducing Operation
Next, exemplary data reproducing operations performed
by the DVD-RAM changer apparatus shoWn in FIG. 1 Will

unit 80, is provided to the disk drive 12 of the changer
section 10, thereby starting to Write the data onto the ?rst

be described. In this case, the apparatus shoWn in FIG. 1
operates as a reproducing apparatus according to the present
invention.

disk.
When the controller 70 judges that the residual recordable

(First exemplary operation)

area on the ?rst disk has almost reached Zero, the controller
70 turns the second selector 50 to the terminal c. As a result,

the data supplied from the external unit 80 starts to be input
to the HDD 30, and data of a quantity equal to the disk
exchange-enabling quantity is recorded on the HDD 30 as

?nished. As shoWn in FIG. 6, data is ?rst Written on an area
A of the ?rst disk, data to be Written next onto an area C is

temporarily recorded on the HDD 30 and then data is Written
on an area B of the second disk. The bridging data, Which
Was recorded on the HDD 30 during the disk exchange, is
recorded on the area C of the second disk after the data

area A of the ?rst disk, data to be Written next onto an area

Without failing to record any part of the data, even if the data
should be recorded in real time.

the external unit 80 can be recorded on a plurality of disks

55

In response to a data reproduction request, the controller
70 searches for a target disk through the disk management
table based on the ?le ID of the data to be reproduced,
thereby judging Whether or not the data to be reproduced is

bridging data.

stored on a plurality of disks. In this case, the data to be

After the controller 70 has turned the second selector 50
to the terminal c, the controller 70 instructs the disk changer
11 of the changer section 10 to exchange the ?rst disk for the

reproduced is supposed to be stored on tWo disks.
FIG. 7 illustrates respective reproducible areas on ?rst
and second disks, selected as respective targets from Which

second disk. And after the disk changer 11 has exchanged
the disks, sought a portion on Which the bridging data Will
be subsequently recorded and entered a recording Waiting
state, the changer section 10 noti?es the controller 70 of that.
In response to the noti?cation that the disk changer 11 has
exchanged the disks, the controller 70 Waits for a noti?cation
that the HDD 30 has recorded the bridging data. When the
controller 70 receives a noti?cation that the HDD 30 has

data should be read out, in this exemplary operation. Before
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starting to present the read data to the user via the external
unit 80, the controller 70 turns the ?rst selector 40 to the
terminal a, and instructs the disk drive 12 to read out
predetermined data (stored on the area Ain FIG. 7) from the
?rst disk. On the area A, a quantity of data, Which is equal

to that of the data consumed by the external unit 80 during
a time required for exchanging disks and getting ready to
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read out data therefrom, i.e., the disk-exchange-enabling

After the bridging data has been copied on the HDD 30,
the controller 70 instructs the disk changer 11 to exchange

quantity, is stored. And this data is stored as the bridging
data on the HDD 30. In this case, the disk drive 12 noti?es

the second disk for the ?rst disk and turns the ?rst selector
40 to the terminal b. When data is ready to be read out after
the disks have been exchanged, the disk drive 12 noti?es the
controller 70 of that. In response to the noti?cation that the
disk drive 12 is ready to read out the data from the ?rst disk,
the controller 70 instructs the disk drive 12 to start to read

the controller 70 of the position at Which the area Abegins.
In response thereto, the controller 70 records the position on
the disk management table.

The “disk-exchange-enabling quantity” is determined
depending on the disk exchange performance of the disk
changer 11 and the speed at Which data is consumed by the
external unit 80. Suppose the longest time required for
exchanging disks and getting ready to read out data is T (s)

out the data from the ?rst disk, thereby starting the data
reproducing operation. The data, Which has been read out
from the ?rst disk, is supplied to the external unit 80. In

and the data is consumed by the external unit 80 at m

response thereto, the external unit 80 processes the data and

(Mbps). Then, the disk-exchange-enabling quantity is mT

presents the data to the user.

(Mbit).

After the bridging data has been recorded on the HDD 30,
the controller 70 turns the ?rst selector 40 to the terminal b.
Then, the controller 70 instructs the disk drive 12 of the
changer section 10 to start to read out the data from the ?rst

15

disk, thereby starting the data reproducing operation.
Having detected that data has been read out from the ?rst
disk until the beginning of the area A, the controller 70 turns
the second selector 50 to the terminal c. And the controller
70 instructs the HDD 30 to read out the bridging data and the
disk changer 11 to exchange the ?rst disk for the second
disk. In this manner, the bridging data can be continuously

Having detected that the disk drive 12 has read out the
entire data from the ?rst disk, the controller 70 turns the
second selector 50 to the terminal c. Then, the controller 70
instructs the HDD 30 to read out the bridging data and the
disk changer 11 to exchange the ?rst disk for the second
disk. In this manner, the bridging data can be continuously
supplied to the external unit 80 as soon as the data, read out

from the ?rst disk, has been supplied to the external unit 80

and in parallel to the disk exchange performed by the disk
changer 11.
When the disk drive 12 gets ready to read out data from

supplied to the external unit 80 as soon as the data, read out 25 the second disk, the disk drive 12 noti?es the controller 70
from the ?rst disk, has been supplied to the external unit 80
of that and enters a Waiting state. In response to the

and in parallel to the disk exchange performed by the disk
changer 11.
When the disk drive 12 is ready to read out data from the
second disk, the disk drive 12 noti?es the controller 70 of
that and enters the Waiting state. In response to the noti?
cation that the disk drive 12 gets ready to read out data from
the second disk, the controller 70 Waits for a noti?cation
from the HDD 30. Once the HDD 30 has supplied the
bridging data to the external unit 80, the HDD 30 noti?es the
controller 70 of that. In response to the noti?cation, report
ing that the bridging data has been supplied to the external
unit 80, from the HDD 30, the controller 70 turns the second
selector 50 to the terminal d and instructs the Waiting disk

noti?cation that the disk drive 12 is ready to read out data
from the second disk, the controller 70 Waits for a noti?ca
tion from the HDD 30. Once the HDD 30 has supplied the
bridging data to the external unit 80, the HDD 30 noti?es the
controller 70 of that. In response to the noti?cation, report
ing that the bridging data has been transferred to the external

unit 80, from the HDD 30, the controller 70 turns the second
selector 50 to the terminal d and instructs the Waiting disk
35

drive 12 to start to read out data from the second disk. In this
manner, no sooner has the bridging data been supplied to the
external unit 80 than reading data from the second disk can

be started Without any discontinuity.
By performing these operations, the data recorded on a
plurality of disks can be continuously reproduced on the
external unit 80, i.e., continuously presented to the user by
the external unit 80, Without making the user Wait during the

drive 12 to start to read out data from the second disk. In this
case, the end position of the area A is supplied to the disk
drive 12 as a position at Which data reading should be
started. In this manner, no sooner has the bridging data been
supplied to the external unit 80 than reading data from the
second disk can be started Without any discontinuity. As a
result, data can be supplied to the external unit 80
seamlessly, Which can present the data to the user continu

ously.
45

By performing these operations, the data stored on a
plurality of disks can be continuously reproduced on the

external unit 80, i.e., continuously presented to the user by
the external unit 80, Without making the user Wait during the
disk exchange. In this example, the end point of the area A

disk exchange.

(Second exemplary operation)

is once recorded on the disk management table.

In this second exemplary operation, part of the data to be
reproduced, Which is stored on the second disk, is copied as
the bridging data on the HDD 30 before data reproducing
operation is started.
FIG. 8 illustrates respective reproducible areas of ?rst and
second disks, selected as target disks from Which data should
be read out, in this exemplary operation. Before starting to

Alternatively, the end point may be memoriZed by the
controller 70 Without recording it.
In the ?rst and second exemplary data reproducing opera
tions described above, data is supposed to be read out from

tWo disks. HoWever, the present invention is naturally appli
55

respective data, each having a quantity equal to the disk
exchange-enabling quantity, may be read out from the ?rst

present the read data to the user via the external unit 80, the
controller 70 turns the ?rst selector 40 to the terminal a, and
instructs the disk drive 12 to read out predetermined data
(stored on the area A in FIG. 8) from the second disk. On the
area A, a quantity of data, Which is equal to the disk

to the (n—1)’h disk and then stored on the HDD 30 before the

reproduction of data is started. Also, in reproducing data
stored in three or more disks, the ?rst and second exemplary

exchange-enabling quantity, is stored. And this data is stored

operations may be performed in combination if necessary.
In both of the ?rst and second exemplary operations, a
disk, on Which data to be reproduced is stored, may be

as the bridging data on the HDD 30. In this case, the disk

drive 12 noti?es the controller 70 of the position at Which the
areaAends. In response thereto, the controller 70 records the
end position on the disk management table in the disk
manager 60.

cable to reproducing data stored in three or more disks. For

example, in reproducing data stored in a number n of disks,
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selected in the folloWing manner. The controller 70 rear

ranges the disk management table based on the speci?ed ?le
ID’s and searches for the target disks in accordance With the
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rearranged disk management table. FIG. 9 illustrates a
rearranged version of the disk management table shoWn in

performed either just after the disk has been inserted or after

FIG. 2 Where “1998-03-15-20-00-00-01 ” has been speci?ed

this example, this processing is supposed to be performed

as a ?le ID. Optionally, it is naturally possible to search
through the entire data structure shoWn in FIG. 2 Without

just after the disk has been inserted.

carrying out the rearrangement.

Step S13, the controller 70 consults the disk management

a reproduction request has been received from the user. In

In response to the reproduction request from the user in
table to specify at least one disk on Which data to be

(Third exemplary operation)
In the third exemplary operation, if there is any disk,
having a quantity of data to be reproduced smaller than the
disk-exchange-enabling quantity, then the data stored on
such a disk is entirely copied on the HDD 30 as the bridging
data before the data reproducing operation is started. In this
manner, reading the data from the disk is omitted during the

reproduced is stored. Then, in Step S14, the controller 70
10

controller 70 judges in Step S15 Whether or not the bridging
data for this data is stored on the HDD 30. So long as this

data has been. recorded by the apparatus shoWn in FIG. 1,

data reproducing operation.
In response to a data reproduction request, the controller
70 consults the disk management table as in the ?rst or

consults the disk management table to judge Whether or not
there is any data stored on a plurality of disks.
If the ansWer to the inquiry in Step S14 is “YES”, then the

the bridging data for this data must have been stored on the
15

second exemplary operation, thereby specifying at least one

HDD 30. HoWever, should the bridging data be absent from
the HDD 30, the bridging data is recorded on the HDD 30
before the data reproducing operation is started as in the ?rst

disk on Which data to be reproduced is stored. If the

through third exemplary operations described above. It

controller 70 has judged that the data to be reproduced is

should be noted that Step S14 may be omitted or may be

stored on a plurality of disks, then the controller 70 consults
the disk management table again to see if there is any disk,

performed just after the disk has been inserted continuously
With Step S12. In this exemplary operation, the table is
supposed to be updated in Step S12 just after the disk has
been inserted. Alternatively, the table may be updated just
after the apparatus has been poWered, for example.
Also, the bridging data, Written on the HDD 30 during the

having a quantity of data smaller than the disk-exchange

enabling quantity, among the targets.
If there is any such disk, then the controller 70 gets the
entire data, stored on the disk in question, copied on the
HDD 30 before the data reproducing operation is started.
Speci?cally, the controller 70 turns the ?rst selector 40 to the
terminal a and instructs the disk drive 12 of the changer
section 10 to read out the data from the disk. Having copied
the data on the HDD 30, the controller 70 controls the disk

changer 11 to exchange disks.
After that, the controller 70 starts the data reproducing
operation. HoWever, the disk drive 12 does not read out the
data, Which has been copied to the HDD 30, from the disk
in question. Instead, the data is transferred from the HDD 30

25

data reproduction, may be saved and reused When repro
duction of the same data is requested again later, instead of

erasing it.
In the foregoing embodiments, the date and time When
data Was initially recorded on a disk are used as a disk ID,

and the date and time When the recording of a program Was
started and the number of a channel on Which the program
Was broadcast are used as a ?le ID. Alternatively, any other
data may be used as the disk ID and ?le ID.
35

(Fourth exemplary operation)
According to the present invention, the bridging data,

storage medium. HoWever, the present invention is naturally
applicable to any recording/reproducing apparatus using any

Which Was recorded on the HDD 30 during the data record

ing operation, is not erased but saved. Thus, in reproducing
data using the apparatus used for recording the data, the
bridging data, used during recording, may also be used as
bridging data during reproduction. In such a case, the
processing step of copying data, having a quantity equal to
the disk-exchange-enabling quantity, onto the HDD 30 as
bridging data for reproduction before the start of the data
reproducing operation can be omitted. As a result, a time
after a request to reproduce data has been received from the

other storage medium. Moreover, a hard disk drive is
supposed to be used as second storage on Which bridging
data should be recorded. It is of course possible to use any

other storage medium. Also, the second storage is preferably
accessible at a speed equal to or higher than a speed at Which
45

recording/reproducing apparatus using a storage medium

can be shortened. In this example, the DVD-RAM changer
apparatus shoWn in FIG. 1 operates as a recording/

As is apparent from the foregoing description, in repro
ducing data stored on a plurality of storage media, bridging

reproducing apparatus according to the present invention.
In recording data, the DVD-RAM changer apparatus
shoWn in FIG. 1 operates as in the ?rst and second exem
55

case, the controller 70 records the position, at Which the
bridging data starts to be recorded on the HDD 30, on the
disk management table stored in the disk manager 60 such
that the position can be searched for based on the ?le ID’s.

FIG. 10 illustrates the processing How of this exemplary
data reproducing operation. First, in Step S11, at least one
disk is inserted into the disk changer 11. In response thereto,

data is copied beforehand onto a second storage. And after
the presentation of data to the user has been actually started
and While data reading from a disk is discontinued during the
disk exchange, the data stored in the second storage is read
out. Thus, the data, stored on a plurality of storage media,
can be continuously presented to the user Without making
the user Wait for a time required for exchanging disks and
getting ready to read out data therefrom.
In addition, in recording data on a plurality of storage

media, bridging data, Which is part of the data to be
recorded, is temporarily Written into the second storage.
Thus, it is possible to ensure continuity for a data recording

the controller 70 controls the disk drive 12 to read out the

on-medium information, including the disk ID and ?le ID’s,
of the disk inserted, and then updates the contents of the disk
management table in the disk manager 60 using this infor
mation in Step S12. Processing up to this point may be

?rst storage is accessible.
Furthermore, the present invention is also applicable to a
like an LD, both sides of Which are usable for recording and
reproduction. This is because each side of such a double
sided disk is equivalent to one single-sided disk.

user and before the external unit 80 starts to present the data

plary data recording operations described above. In this

Also, in the foregoing embodiments, the present invention
has been described as being applied to a DVD-RAM
changer apparatus using a DVD-RAM disk as an exemplary

to the external unit 80 and presented to the user.
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operation. That is to say, even if data should be recorded in
real time, e.g., on a plurality of media separately, the data
can be recorded Without failing to record any part of it.
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5. A reproducing apparatus according to claim 1, Wherein

What is claimed is:

1. A reproducing apparatus comprising:

the controller judges Whether or not the bridging data is
stored on the second storage before the bridging data is read

a ?rst storage including a changer for housing a plurality
of storage media and a drive for reading out data from
?rst and second target storage media selected from the
storage media in that order;

out and stored on the second storage, and
Wherein the controller controls the second storage to store

the bridging data When the bridging data is not stored
on the second storage.

a second storage;

6. A reproducing apparatus according to claim 1, Wherein

a data processing unit for presenting the data stored on the

?rst and second target storage media; and
a controller for controlling the changer, the drive, the data
processing unit and the second storage,
Wherein, before the data processing unit starts to present

10

7. A recording apparatus comprising:
a ?rst storage including a changer for housing a plurality
of storage media and a drive for recording data onto
?rst and second target storage media selected from the
storage media in that order;

the data stored on the ?rst and second target storage
media, the controller controls the ?rst storage to read
out at least part of the data stored on one of the ?rst and

a second storage;

second target storage media as bridging data and con
trols the second storage to store the read bridging data,
and

Wherein, When the data processing unit starts to present
the data stored on the ?rst and second target storage
media, the controller controls the second storage to
supply the bridging data to the data processing unit
during a period in Which reading the data stored on the
?rst and second target storage media is discontinuous
because of eXchange of the ?rst target storage medium

a data processing unit for supplying the data to be
recorded to one of the ?rst storage and the second

storage; and
a controller for controlling the ?rst storage, the second

storage and the data processing unit,
Wherein the controller controls the second storage to store
25

for the second target storage medium, so as to present
the data stored on the ?rst and second target storage

media continuously.

part of the data supplied from the data processing unit
as bridging data during a period in Which recording by
the ?rst storage is discontinuous because of exchange
of the ?rst target storage medium for the second target
storage medium, and controls the ?rst storage and the
second storage to store the bridging data onto one of the

2. A reproducing apparatus according to claim 1, Wherein

?rst and second target storage media by the ?rst stor

the controller controls the ?rst storage and the second
storage in such a manner that part of the data, Which is to be

age.

8. Arecording apparatus according to claim 7, Wherein in
recording data continuously on ?rst and second target stor
age media,

presented before the bridging data, is read out and supplied
to the data processing unit by the ?rst storage, and then the
bridging data is supplied to the data processing unit, and

the second storage is accessible at a speed equal to or higher
than a speed at Which the ?rst storage is accessible.

35

then a remaining part of the data stored on the ?rst and

second target storage media, Which is to be presented after
the bridging data, to the data processing unit by the ?rst

if the controller has determined that a residual capacity of
the ?rst target storage medium is about to reach a

3. A reproducing apparatus according to claim 1, Wherein

predetermined quantity While the data to be recorded is
being Written on the ?rst target storage medium, then
the controller gets the predetermined quantity of the

the controller controls the ?rst storage to read out part of the
data to be presented, Which is stored on the ?rst target
storage medium, as the bridging data before the data pro
cessing unit presents the data stored on the ?rst and second

the bridging data, and
makes the ?rst storage Write the remaining data, eXcept
for the bridging data, on the second target storage

storage.

data yet to be recorded Written on the second storage as

medium.

target storage media, and

9. Arecording apparatus according to claim 7, Wherein in

Wherein, When the data processing unit presents the data

recording data continuously on ?rst and second target stor

stored on the ?rst and second target storage media, the
controller controls the ?rst storage and the second
storage in such a manner that the bridging data is
supplied to the data processing unit and then part of the
data to be presented, Which is stored on the second

age media,
if the controller has determined that a residual capacity of
the ?rst target storage medium is about to reach Zero
While the data to be recorded is being Written on the
?rst target storage medium, then the controller gets a

target storage medium, is supplied to the data process

predetermined quantity of the data yet to be recorded

ing unit.

Written on the second storage as the bridging data, and

4. A reproducing apparatus according to claim 1, Wherein
the controller controls the ?rst storage to read out part of the
data to be presented, Which is stored on the second target
storage medium, as the bridging data before the data pro
cessing unit presents the data stored on the ?rst and second

55

makes the ?rst storage Write the remaining data, eXcept
for the bridging data, on the second target storage
medium such that the second target storage medium has
a residual capacity corresponding to the predetermined

quantity.

target storage media, and
Wherein, When the data processing unit presents the data

10. A recording apparatus according to claim 7, Wherein

stored on the ?rst and second target storage media, the
controller controls the ?rst storage and the second

the second storage is accessible at a speed equal to or higher
than a speed at Which the ?rst storage is accessible.

storage in such a manner that part of the data to be

11. A recording and reproducing apparatus comprising:

presented, Which is stored on the ?rst target storage

a ?rst storage including a changer for housing a plurality
of storage media and a drive for reading out data from
?rst and second target storage media selected from the
storage media in that order;

medium, is supplied to the data processing unit, and
then the bridging data is supplied to the data processing
unit.
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read bridging data When the bridging data is not stored

a second storage;

on the second storage, and

a data processing unit for presenting the data stored on the

?rst and second target storage media; and
a controller for controlling the changer, the drive, the data
processing unit and the second storage,
Wherein, before the data processing unit starts to present
the data stored on the ?rst and second target storage
media, the controller judges Whether or not the second
storage stores at least part of the data stored on one of

the ?rst and second target storage media as bridging
data, and controls the ?rst storage and the second
storage to read out the bridging data from the one of the
?rst and second target storage media and to store the

5

Wherein, When the data processing unit starts to present
the data stored on the ?rst and second target storage
media, the controller controls the second storage to
supply the bridging data to the data processing unit
during a period in Which reading the data stored on the
?rst and second target storage media is discontinuous
because of eXchange of the ?rst target storage medium
for the second target storage medium, so as to present
the data stored on the ?rst and second target storage

media continuously.
*

*

*

*

*

