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DI SC | NG APPARATUS AND DI SC REPRODUCI NG

APPARATES This invention relates to disc recordi ng apparatus and disc
reprodugi ng appar at us. An optical disc has a recording capacity two to
three ofders of magnitude higher than that of a magnetic disc, while
enabl i n@ hi gher- speed access than a tape-shaped recordi ng nmedi um

Mor eovielf, an optical disc has excel | ent ldurability, due to

non- contgact data recordi ng/ reproduction. For these reasons, optical discs’
have co to

This invention relates to disc recording apparatus and disc
reproducing apparatus.

An optical disc has a recording capacity two to three orders of
magnitude higher than that of a magnetic disc, while enabling higher-
5 speed access than a tape-shaped recording medium. Moreover, an optical
disc has excellent durability, due to non-contact data
recording/reproduction. For these reasons, optical discs have come to
be used extensively in recent years. The best known form of optical

disc is the compact disc (CD).
10 To provide portable, especially pocket-size headphone stereo,
devices, using optical discs, a CD with a disc diameter of 12 cm and a
CD with a disc diameter of 8 cm (so-called CD single) have been
proposed. To reduce the size of the recording/reproducing apparatus,
a disc with a diameter of 8 cm or less would be preferred. However, in
15 attempting to provide a portable or pocket-size recording/reproducing
apparatus for an optical disc 8 cm or less in diameter, the following

problem arises.

In the case of a standard CD format optical disc, on which are
recorded stereophonic digital PCM audio signals sampled with a sampling
20 frequency of 44,1 kHz and quantized with 16 bits, and where these
signals are exclusively reproduced by the user (CD-DA format), the
reproducing time of a disc 8 cm in diameter is 20 to 22 minutes at
most, so that a symphony, for example, cannot be recorded on one-disc
side. A playback time of 74 minutes or longer, which is approximately
25 equal to that of a 12 cm CD, is preferred. Moreover, it is not
possible for the user to make recordings with this CD-DA format.
Likewise, with a CD-MO format (a format employing a recordable
magneto-optical disc) as an extension of the above-mentioned standard
CD-DA format, the recording/reproducing time of an 8 cm disc is only 20
30 to 22 minutes, as in the CD-DA format.
With the CD-I (CD-Interactive) format, levels A to C shown in

Table 1 are prescribed as the modes for recording/reproducing bit-

compressed digital audio signals.
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10 when reproducing a disc recorded using, for example, the level B
mode, signals obtained by quadruple bit compression of standard CD-DA
format digital signals are reproduced. Thus, if all of the recorded
data are compressed stereophonic audio data, playback time is
quadrupled, or reproduction of 4-channel data becomes feasible, so that

15 reproduction for 70 minutes or longer becomes possible with an optical
disc 8 cm in diameter or less.

Meanwhile, with the CD-I format, the disc is rotationally driven

at the same linear velocity as that for the standard CD-DA format, so

that continuous audio compressed data are reproduced at a rate of one
20 unit to n recorded units on the disc, where p is a figure corresponding

to the playback time or the bit compression rate of data, and is equal

to four with the level B stereo mode. This unit is termed a block or

sector, which is made up of 98 frames and has a period of 1/7% second.

Therefore, with this level B stereo mode, a data string in which every
25 fourth sector is an audio sector, such as:

SDDDSDDD-~o

where S is an audio sector and D is another sector(s), is recorded on

the disc. However, for actual recording, since the above data string

is processed with predetermined engoding similar to that for ordinary
30 CD format audio data, such as error correction coding and interleaving,

data of the audio sector S and data of the data sector D are arranged

in a scrambled fashion in the recording sectors on the disc. The other

data sectors may, for example, be video or computer data. When the

bit-compressed audio signals are also used for the data sector D, a
35 . data string in which four-channel audio sectors Sl to Sl are cyclically

arranged; that is a data string:

S1 S2 S3 sk s1 s2 S3 Sh ~ - .
is encoded and recorded on the disc. Whep record%ggfand réproddcing
) L e e )

S B

ar




Li-kew s- tﬁnsaShEHDHmeéroRdmted(a format enploying a recordable

_ y
magnet o- '“fca xtensi on of the above-nenti oned standard
CD-DA fo ? eprodu0|ng time of an 8 cmdisc is only 20 to
22 minut g |n t Wth the CD-1 (CD-Interactive)
format , ?vels Ato C shown |n Table 1 are prescribed as the nodes for
recordi ndgreproducing bit- conpressed digital3audio signal s.
2

continuous audio signals, the above-mentioned U4-channel audio signals

are linked sequentially beginning at the first channel and terminating

at the fourth channel. More specifically, channel 1 data corresponding

to the audio sector S1 are reproduced from the innermost to the

5 outermost areas of the disc. Channel 2 data corresponding to the audio

sector S2 are reproduced from the innermost to the outermost areas of

the disc. Channel 3 data corresponding to the audio sector S3 are

reproduced from the innermost to the outermost areas of the disc.

Finally, channel 4 data corresponding to the audio sector S4 are

10 reproduced from the innermost to the outermost areas of the disc to
enable data reproduction for a continuous quadrupled time duration.

However, for the above-mentioned continuous reproduction, several

track jump operations between the inner and outer disc peripheries are

required. Since a track jump cannot be performed instantaneously,

15 playback data are interrupted for a short time period. This means that

the reproduced sound is interrupted momentarily.

For overcoming the above-described problem, we have proposed the

ES

following technique.
More specifically, when data similar to those of the above-
20 mentioned CD-DA format, that is audio PCM data having the sampling
frequency of 44.1 kHz, sixteen quantization bits and a data transfer
rate of 75 sectors/second, are recorded after bit compression in
accordance with the B-level sterec mode, the sampling frequency of the
audio PCM data with the data transfer rate of 75 sectors/second is
25 converted to 37.8 kHz, while the number of quantization bits is reduced
to four, to produce ADPCM audio data with the data transfer rate equal
to one-fourth the original rate, or 18.75 sectors/second. The B-level
. stereo mode ADPCM audio data, continuously outputted at the 18.75
sectors/second, are written in a buffer memory. When the data volume
30 of the ADPCM audio data stored in the buffer memory exceeds a
predetermined volume K, the ADPCM data are read out from the buffer
memory as recording data by the predetermined volume K in a burst
fashion at the transfer rate of 75 sectors/second. These data are
recorded in & continuous state on a recording track of the magneto-
35 optical disc by address-controlling the recording positions on the

recording track.

That is, in this recording system for the ADPCM audio data, the
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5 the buffer memory exceeds the predetermined volume K, the ADPCM audio
data are read out from the buffer memory by the predetermined volume K
as the recording data in a burst fashion at the above-mentioned
transfer rate of 75 sectors/second by incrementing the read pointer of
the buffer memory in & burst fashion at the transfer rate of 75

10 sectors/second.

On the other hand, in the reproducing system for the ADPCM data,
playback data from the disc are written into the buffer memory at the
transfer rate of 75 sectors/second by incrementing the write pointer of
the buffer memory at the transfer rate of 75 sectors/second, while the

15 playback data are continuously read from the buffer wmemory at the
transfer rate of 18.75 sectors/second, by continuously incrementing the
read pointer of the buffer memory at the transfer rate of 18.75
u sectors/second. Writing is discontinued when the read pointer is
overtaken by the write pointer. When the data volume of the playback
20 data stored in the buffer memory is lower than a predetermined volume,
the write pointer of the buffer memory is incremented in a burst
fashion at the transfer rate of 75 sectors/second to write data in the
buffer memory.

By controlling the buffer memory in this manner, the B-level
25 stereo mode ADPCM audio data reproduced from the recording track of the
magneto-optical disc are written in the buffer memory in a burst
fashion at the transfer rate of 75 sectors/second, while the ADPCM
audio data are continuously read from the buffer memory as playback
data at the transfer rate of 18.75 sectors/second. In this manner, the
30 playback data are continuously read from the buffer memory while the
data volume exceeding the predetermined volume is maintained at all
times in the buffer memory. By address-controlling the playback
position on the recording track of the magneto-optical disc. the audio
data may be continuously reproduced from the recording track of the

35 magneto-optical disc.
If it is attempted to record continuous audio signals, it is not

possible to record only the sector S2 signals, by reason of the
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compression modes, the usage of the recording/reproducing apparatus may
be enhanced advantageously. However, if the rotational speed of the
10 disc, recording pattern or signal processing operations should be
switched for each of these selected compression modes, the construction
of the circuit is complicated and the apparatus becomes expensive. It
is therefore desirable that the controlling or signal processing
operations or the recording patterns be changed as little as possible

15 with changes in the compression modes.

For overcoming the above-mentioned problem, we have proposed a
technique in which digital data are arranged into clusters at an
interval of a predetermined number of, for example, 32 sectors, and for
example five cluster-linking sectors, each longer than an interleaving

20 length, are provided at each cluster-linking region so that data
interleaving in each cluster does not affect the neighbouring clusters.

Long-duration recording or long-duration reproduction of the
audio signals becomes possible by performing bit compression of the
digital audio signals before recording these digital audio signals.

25 However, the recordable data volume on one optical disc is limited, so
that the maximum recording time is limited by the recording capacity of
the optical disc. Although continuous recording or continuous
reproduction for an extended period of time becomes possible by using
a plurality of discs one after another, signal drop-out of the audio

30 signals is produced at the time of exchange of the optical discs.

According to the present invention there is provided a disc
recording apparatus for recording input data on disc-shaped recording

media, the apparatus comprising:

memory means in which continuously inputted input data are sequentially
35 written and from which the input data are read out as recording data at
a transfer rate faster than the transfer rate at which the input data

are written therein;




S1 S2 S3 ’S1 T SiRer Had Bées Reprzeded and recorded on the disc. Wien recording
and reprodici ng 3 conti nuous
audio sign@ils, t oned 4-channel audio signals are |inked
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sector S1 gre reproduced fromthe innernost to the

recording means for recording the recording data read from said memory

means on a first disc-shaped recording medium rotationally driven at a
predetermined velocity;

recording controlling means for effecting read-out control of said

5 memory means so that, when the data volume of said input data stored in

said memory means exceeds a first predetermined volume, recording data

of said first predetermined volume are read out continuously from said

memory means so that a writing space in excess of a second

predetermined volume is maintained at all times in said memory means,

10 said recording controlling means also effecting recording position

control so that the recording data of said first predetermined volume

read out in a burst-like manner from said memory means by the read-out

control of said memory means are continuously recorded on the recording

track on said first recording medium; and

15 linking controlling means for capturing recording means of a second

disc-shaped recording medium during the time interval when data next to
the last of data recorded on said first recording medium are read from
said memory means, for recording data continucusly on said first
recording medium and on said second recording medium.

20 According to the present invention there is also provided a disc
reproducing apparatus for reproducing recorded data continuously
recorded on disc-shaped recording media, the apparatus comprising:
reproducing means for sequentially reading the recorded data frpm a
first disc-shaped recording medium, rotationally driven at a

25 predetermined velocity, at a second transfer rate faster than a first
transfer rate required of playback output data;
memory means in which playback data read by said reproducing means are
sequentially written at said second transfer rate and from which the
sequentially written playback data are continuously read as said

30 playback output data at said first transfer rate;
playback controlling means for effecting writing controlling of said
memory means for writing said playback data of a second predetermined
volume when the volume of said playback data stored in said memory
means becomes less than a first predetermined volume so that a volume

35 of the playback data in excess of said first predetermined volume is
always maintained in said memory means, said playback controlling means

also effecting playback position controlling so that said playback data
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Thus the present invention provides an optical disc recording

apparatus in which audio data obtained by digitizing analogue audio

signals and time base compressing the resulting digital audio signals

are read from a buffer memory on a cluster-by-cluster basis so as to be

recorded on a recording track of an optical disc,

recording controlling means is provided whereby,

and

during

in which

the time

interval when a cluster audio data unit next to the last cluster audio

data unit written on a first optical disc is read from a memory, a

second optical disc driver is captured into synchronization for

continuously recording audio signals on the first and the second

optical discs under control by a system controller.

The present invention also provides an optical disc reproducing

apparatus in which time base compressed audio data are reproduced on a

cluster-by-cluster basis from a recording track on the optical disc so

as to be read and outputted from a buffer memory after time base

expansion, and in which playback controlling means is provided whereby,

during the time the last cluster audio data unit reproduced from the

first optical disc is read from the buffer memory, the playback system

of the second optical disc

is captured into synchronization for

continuously reproducing the first optical disc and the second optical

disc.

With optical disc recording apparatus according to the present

invention,

a

second

optical

disc

driver

is

captured

into

synchronization during the time interval when a cluster audioc data unit

next to the last cluster audio data unit written on a first optical

disc is read from a memory, for continuously recording audio signals on

the first and the second optical discs under control by a system

controller.

With the optical disc reproducing apparatus according to the
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The invention will now be described by way of example with
reference to the accompanying drawings, throughout which like parts are
referred to by like references, and in which:

Figure 1 is a block diagram showing an embodiment of a disc

i0 recording/reproducing apparatus according to the present invention;

Figure 2 shows a signal format of a cluster as a recording unit

in the apparatus of Figure 1;

Figure 3 shows the relation between the cluster, cluster address
and the sector addréss in the apparatus of Figure 1;
15 Figure 4 shows a data format employed in the
recording/reproducing apparatus;
Figure 5 shows the state of memory control in the recording
system of the apparatus of Figure 1;
Figure 6 shows the recording state of continuous recording on two
20 magneto-optical discs by the recording system of the apparatus of
Figure 1; and
Figure 7 shows the state of memory control in the reproducing
system of the apparatus of Figure 1.
Figure 1 shows an optical disc recording/reproducing apparatus
25 according to the present invention in which audio signals are recorded
on or reproduced from the recording track of a magneto-optical disc as
digitized and time base compressed audio data. To this end, a first
optical disc driver 1 and a second optical disc driver 2, each arranged
for recording/reproducing audio data on a cluster-by-cluster basis, are
30 operatively associated with each other by a system controller 3,
that the audio signals may be continuously recorded and reproduced by
the disc drivers 1 and 2.
With this apparatus, the first and second disc drivers 1 and 2
are each operated so that data may be recorded along a recording track
35 of the magneto-optical disc rotationally driven by a spindle motor by
magnetic field modulation recording, by applying a magnetic field

modulated in accordance with recording data by a magnetic head while
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the optical head. The data recording or reproduction is performed on

5 the basis of the cluster addresses or sector addresses pre-recorded or
pre-formatted on the magneto-optical disc, as later described.

The optical head of each of the disc drivers 1 and 2 is made up
of optical components, such as a laser source, for example a laser
diode, a collimator lens, an objective lens, a polarization beanm

10 spitter or a cylindrical lens, and split photodetectors, and is mounted
facing the magnetic head with the magneto-optical disc in-between.
When recording data, the optical head radiates a laser light on the
target track of the disc, on which the magnetic field modulated in
accordance with the recording data is applied by the magnetic head by

15 the magnetic head driving circuit, to record the data
thermomagnetically. The optical head also detects the laser light
reflected from the target track for detecting focusing errors by, for
example, a so-called astigmatic method and tracking errors by, for
example, a so-called push-pull method. When reproducing recorded data

20 from the disc, the optical head detects the difference in the
polarization angle of the reflected light from the target track (Kerr
rotation angle) for producing playback signals. The optical head also
reproduces cluster addresses and sector addresses pre-formatted as pits
along with, for example synchronization signals at the leading end of

25 each sector.

The playback output obtained from the optical head of the first
optical disc driver 1 is transmitted to a first RF circuit 4. The
first RF circuit 4 extracts the tracking signals and the focusing
signals from the output of the optical head to transmit the extracted

30 signals to a first servo control circuit 5, while converting the
playback signals into corresponding binary signals and transmitting the
converted binary signals to a decoder 21 of the reproducing system via
a changeover switch 20. The first RF circuit 4 also transmits the
cluster and sector addresses to the system controller 3.

35 The first servo control circuit 5 servo-controls the first
optical driver 1 and comprises, for example, a focusing servo control

circuit, a tracking servo control circuit, a spindle motor servo
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al | rotationally driven at a predetermined rotational velocity, such as at
a constant linear velocity. The thread servo control circuit shifts

10 the optical head and the magnetic head to a target track position of

the magneto-optical disc designated by the system controller 3. The
first optical disc driver 5, performing these various control
operations, transmits the information indicating the operating states
of various components of the first optical disc driver 1 to the system

15 controller 3.

The playback output obtained from the optical head of the second
optical disc driver 2 is transmitted to a second RF circuit 6. The
second RF circuit 6 extracts the tracking signals and the focusing
signals from the output of the optical head to transmit the extracted

20 signals to a second servo contrgl circuit 7, while converting the
playback signals into corresponding binary signals and transmitting the
converted binary signals to the decoder 21 of the reproducing system
via the changeover switch 20. The first RF circuit 4 also transmits
the cluster and sector addresses to the system controller 3.

25 The second servo control circuit 7 servo-controls the second
optical driver 2 and comprises, for example, a focus servo control
circuit. a tracking servo control circuit, a spindle motor servo
contrbl circuit and a thread servo control circuit. The focusing servo
control circuit effects focusing control of an optical system of the

30 optical head so that the focusing error signal will be reduced to zero.
The tracking servo control circuit executes tracking control of the
optical system of the optical head so that the tracking error signal
will be reduced to zero. The spindle motor servo control circuit
controls the spindle motor so that the magneto-optical disc is

35 rotationally driven at a predetermined rotational velocity, such as at
a constant linear velocity. The thread servo control circuit shifts

the optical head and the magnetic head to a target track position of
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the magneto-optical disc designated by the system controller 3, The
second servo control circuit 7, performing these various control
operations, transmits the information indicating the operating states
of various components of the second optical disc driver 2 to the system
controller 3.

A key input operating unit 8 and a display 9 are connected to the
system controller 3, which controls the recording system and the
reproducing system with an operating mode designated by the operating
input information from the key unit 8. On the basis of the cluster and
sector addresses reproduced from the magneto-optical disc by the disc
drivers 1 and 2, system controller 3 controls the recording and
reproducing positions on the recording track traced by the optical and
magnetic heads of the disc drivers 1 and 2. On the basis of the bit
compression mode information at an ADPCM encoder 13, selected by the
key input operating section 8, and the bit compression mode information
in the reproduced data obtained by the reproducing system by the RF
circuits 4§ and 6, the system controller 3 causes the bit compression
mode to be displayed on the display 9. Also, on the basis of the
cluster addresses and the bit compression rate in the bit compression
mode, the system controller 3 causes the play time, that is the
reproducing time, to be displayed on the display 9.

For displaying the reproducing time, the cluster address
reproduced from the recording track of the magneto-optical disc by the
optical disc drivers 1 and 2 is multiplied by the reciprocal of the
data compression rate in the bit compression mode, that is, four in the
case of 1/4 compression, to find the actual time information, which is
displayed on the display 9. Meanwhile, during recording, the current
recording position may also be displayed by the actual recording time
obtained by multiplying the pre-formatted cluster address, read out
from the recording track, by the reciprocal of the data compression
rate.

The recording system of this disc recording/reproducing apparatus
includes an A/D converter 12 supplied with analogue audio signals A
from an input terminal 10 via a low-pass filter 11.

The A/D converter 12 quantizes the audio signals A;x. The digital

audio data obtained from the A/D converter 12 are transmitted to the
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five cluqter-linking sectors, each longer than an interl eaving,
processed into compressed data (ADPCM audio data) having a sampling

frequency of 37.8 kHz, with the number of bits per sample equal to
four, before being supplied to a memory 14. The data transfer rate

10 with the B-level stereo mode is reduced to one-fourth of the data
transfer rate of 75 sectors/second of the standard CD-DA format, or to
18.75 sectors/second.

In the apparatus of Figure 1, it is assumed that the sampling
frequency of the A/D converter 12 is fixed at the sampling frequency of

15 the standard CD-DA format, or 44.1 kHz, and that, in the ADPCM encoder
13, bit compression from 16 to 4 bits is performed after converting the
sampling rate in conformity with the compression mode, for example,
from 44.1 kHz to 37.8 kHz for level B. Alternatively, the sampling
frequency of the A/D converter 12 itself may be switchingly controlled

20 as a function of the cowpression modes. In this case, the cut-off
frequency of the low-pass filter 11 is also switchingly controlled as
a function of the switchingly controlled sampling frequency of the A/D
converter 12. That is, the sampling frequency of the A/D convertér 12
and the cut-off frequency of the low-pass filter 11 may be

25 simultaneously controlled depending on the compression modes.

The memory 14 is used as a buffer memory in which data writing
and read-out are controlled by the system controller 3 and which
temporarily stores ADPCM audio data supplied from the ADPCM encoder 13
for later recording on the disc whenever the necessity arises. Thus,

30 in the B-level stereo mode, the compressed audio data supplied from the
ADPCM encoder 13 has its transfer rate reduced to one-fourth of the
standard CD-DA format data transfer rate of 75 sectors/second, or to
18.75 sectors/second, these compressed data being continuously written
in the memory 14. Although it suffices to record the compressed data

35 (ADPCM data) at a rate of every four sectors, as explained above, it is
in practice impossible to record the data at this rate of every four

sectors, so that the recording is made sector-continuously. This



| engt h; 3 I’GHiEd&dH&IsB&aa(Rbphﬂ‘cEdJSt er-linking region so that data

I nterl ea oes not affect the neighbouring clusters.
Long- dur Zgon g duration reproduction of the audio signals
becones 5Si bI orm ng bit conpression of the digital audio

signal s {ore recordlng these digital audio signals. However, the

recordabl @ data vol ume on one optical disc i3 linited, so that the maximm
recordingftine is limted by the recording capaC| ty of the optical disc.

Al t hough Fcontinuous recording or continuous Br oduction for an extended
period of Jtime DRRCORBHEES NEHP Moy RyEFhdashios ﬁ?é P Spugfdafias Erangher Zete @S
anot her, §ignal ﬂi’a@p-ﬂ@blt tRé &tmdardliep-p m gaadas i 6r p‘VS)dSkﬁ‘cﬁﬂrﬁlse‘cbﬁdt ivikghof
exchange f the o resent invent

There s |t ovi aottedefrnned Giaen af sepfiiFar (R FOeobb P iD FHiscry aar &gy

di sc- shapgd recousjarng:pconwgaumtthel‘tapp:aar atmsBdcﬂvpl isserep modee ADPGM pediiosddta.
whi ch confi n%OUS%aﬁtm@&fs& Pt gnéée%' |t Mdel LY 78NG-15 A
whi ch the ata are out as recor ata at a transfer

faster thﬁm the $M95$£§ecpm én gon{pnnd by twnéh|th91h1td:9@arewen\marc§t1§nrqaﬁe$ré>ﬂn
the memory 14 as recording data in a burst fashion at the transfer rate

of 75 sectors/second. Although the overall data transfer rate of the

data thus read out for recording, inclusive of the non-recording

10 period, is the above-mentioned low transfer rate of 18.75
sectors/second, the instantaneous data transfer rate within the time
interval of the burst-like recording operation is the above-mentioned
standard rate of 75 sectors/second. Thus, when the rotational velocity
of the disc is equal to that of the standard CD-DA format, or constant

15 linear velocity, recording is made with the same storage pattern and at
the same recording density as those of the CD-DA format.

The ADPCM audio data, that is recording data, read out from
memory 14 in a burst fashion at the transfer rate of 75 sectors/second,
are supplied to an encoder 15. In a data string supplied from the

20 memory 14 to the encoder 15, a data unit continuously recorded with
each recording is composed of a plurality of, for example, 32 sectors,
and several cluster-linking sectors arrayed before and after each
cluster. The cluster-linking sector has a length longer than. the
interleaving length at the encoder 15, so that interleaving of a given

25 cluster does not affect data of neighbouring clusters. Details of
recording on the cluster-by-cluster basis will be explained later
referring to Figure 2.

In the encoder 15, the recording data supplied in a burst fashion
from the memory 14 are processed with error-correction coding, such as

30 by parity addition and interleaving, or 8-to-14 modulation (EFM). The
recording data., thus processed with encoding by the encoder 15, are
supplied via changeover switch 16 to magnetic head recording circuits
17 and 18 of the first and second optical disc drivers 1 and 2.

The magnetic head driving circuits 17 and 18 are connected to the

35 magnetic heads of the first and second optical disc drivers 1 and 2 for
driving these magnetic heads for applying magnetic fields conforming to
the recording data to the magneto-optical disc.




6 r e NeLTRARSHL B 2EG e |ng the recording data read fromsaid nmenory
nmeans o “fir recordl ng nmediumrotationally driven at a

pr edet er @ ned H m’& rding controlling neans for effecting read-out
cont rol sal so that, when the data volunme of said input
data sto in said memory neans exceeds a first predeterm ned vol une,
][ecordip data of said first predeterm ned vdfunme are read out continuously
rom sai

The system controller 3, controlling the memory 14 in the above-
described manner, controls the recording position so that the recording
data read out in the burst fashion from memory 14 may be continuously
recorded on the recording track of each magneto-optical disc by the

5 first and second optical disc drivers 1 and 2. During the time which
elapses until reading from memory 14 of a cluster audio data unit
following the last cluster audio data written on the recording track of
the magneto-optical disc unit by the first optical disc driver 1, the

system controller 3 captures the second optical disc driver 2 into

10 synchronization to cause the first and second optical disc drivers 1
and 2 to perform continuous recording on the recording track of the
magneto-optical discs.

Recording control by the system controller 3 is performed by
controlling the recording position of the recording data read out in

15 burst fashion from the memory 14 based on the cluster and sector
addresses, and by supplying control signals designating the recording
position on the magneto-optical disc to the first and second servo
control circuits 5 and 7.

The reproducing system of the present disc recording/reproducing

20 system will now be explained.

The reproducing system is designed to reproduce the recording
data continuously recorded on the recording track of each magneto-
optical disc by the first and second optical disc drivers 1 and 2; and
includes the decoder 21 to which the playback output obtained on

25 tracing the recording track of the magneto-optical disc by the optical
head of the first and second optical heads 1 and 2 with a laser light
is supplied via the changeover switch 20 after conversion into
corresponding binary signals by the first and second RF circuits 4 and
6.

30 The decoder 21 is a counterpart of the encoder 15 of the above-
described recording system and effects processing, such as decoding for
error correction and 14-to-8 demodulation, on the binary playback
output from the first and second RF circuits 4 and 6 for reproducing
the above-mentioned B-level stereoc mode ADPCM audio data at a transfer

35 rate of 75 sectors/second which is faster than the normal transfer rate
for the B-level stereo mode. The playback data produced by decoder 21
are supplied to a memory 22.
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The system controller 3 controls the memory 22 so that the

playback data are written in the memory 22 at the transfer rate of 75
10 sectors/second, while being continuously read from the memory 22 at the
transfer rate of 18.75 sectors/second.

The system controller 3, controlling the memory 22 in the above-
described manner, controls the playback position so that the playback
data written in burst fashion in the memory 22 by the memory control

15 may be continuously reproduced from the recording track of the magneto-
optical disc. Also, during the time until the last cluster audio data
unit read on the cluster-by cluster basis from the magneto-optical disc

<& by the first optical disc driver 1 are read from the memory 22, the
system controller 3 captures the second optical disc driver 2 into

20 synchronization for continuously reproducing the audio data from the
recording track of each magneto-optical disc by the first and second
optical disc drivers 1 and 2.

The system controller 3 performs playback control by controlling
the reproducing position of the reproduced data read out in a burst

25 fashion from the memory 22 based on the cluster and sectar addresses
and supplying control signals designating the reproducing position on
the recording track of the magneto-optical disc to the first and second
servo control circuits 5 and 7.

The B-level stereo mode ADPCM audio data, produced as playback

30 data continuously read from the memory 22 at the transfer rate of 18.75
sectors/second, are supplied to an ADPCM decoder 23.

The ADPCM decoder 23, which is a counterpart of the ADPCM encoder
13, has its opergting mode specified by the system contraller 3, and
expands the B-level stereo mode ADPCM audio data by a factor of four to

35 reproduce the CD-DA mode digital audio data. These digital audio data
are transmitted by the ADPCM decoder 23 to a D/A converter 24.

The D/A converter 24 converts the digital audio data supplied
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control i ng SOZ&h%treS&ltq:r;p;l:@Xb@1q< ad%)v?-pass filter 25 at an output terminal 26,

Recordéz=g/reproducing operation by the above-described disc

5 recording/rec=>oducing apparatus will now be explained in detail.

The recorded data, that is data read from the memory 14, are
arranged inz= clusters at an interval of a predetermined number of
sectors or =Zocks, with several cluster-linking sectors interposed
between adjacent clusters. Specifically, as shown in Figure 2, each

10 cluster C is made up of 32 sectors or blocks BO to B31, and for example

four linking s=ctors LO to L3 are arrayed between the cluster C and the
neighbouring zluster, as shown in Figure 2. For recording one such
cluster, sucx &s a K'th cluster C,, not only the 32 sectors BO to B3l
of the clus-=r C,, but also four linking clusters, that is two before
15 the cluster Z,. namely sectors L2 and L3 (run-in blocks) and two after

the cluster Z,, namely sectors LO, L1 (run-out blocks), totalling 36

-

@ sectors, are =—ecorded as one recording unit. The 36-sector recorded

| data are tra—smitted from the memory 14 to the encoder 15 where the

data are irnz=-leaved for an interval of 108 frames at the maximum,

20 correspondi=z to about 1.1 sector. It is noted that data within the

cluster C, a== within the extent of from the run-in blocks L2, L3 to the

run-out blecis L0, L1 and thus do not affect the remaining clusters C,_,

or C,,,. Mezmwhile, the linking sectors LO to L2 are composed of dummy

data, such =s "0", so that intrinsic data remain unaffected by

25 interleavinz. The linking sector L3 is composed of sub-data. The

cluster may == composed of for example 36 sectors, inclusive of the
linking secz—s.

For cZuster by cluster recording, a cluster address for

identifying =sch cluster and a sector address for identifying each

30 sector in t»= cluster are preformatted as pits at the leading end of

each sector. =p that recording may be made on the basis of the cluster

and sector a3iresses obtained by reproducing these pits. Referring to

Figure 3, & zluster is made up of 32 data-recording sectors and 4

linking sec=ors, anrd cells 0000 to 21XX are allocated to cluster

35 addresses wir="2 cells O to 35 are allocated to sector addresses. These

cluster ané ==ctor addresses are reproduced during recording and the
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set of the recording track ra igiyy of the disc.

By performing the cluster by cluster recording in this manner, it
becomes unnecessary to take account of interference with other clusters
by interleaving, so that data processing may be simplified
significantly. If data cannot be recorded accurately during recording
due to malfunction such as defocusing or detracking, the data may be
re-recorded on the cluster-by-cluster basis. On the other hand, if
data cannot be read effectively during reproduction, the data may be
re-read on the cluster-by-cluster basis.

In the recording system of the disc recording/reproducing
apparatus, shown in Figure 1, digital data obtained from A/D converter
12 are the audio PCM data having the sampling frequency of 44.1 kHz,
the number of quantization bits of 16 and the data transfer rate of 75
sectors/second, similar to the CD-DA format data, as shown in Figure 4.
If these audio PCM data are supplied to the ADPCM encoder 13 for bit
compression in accordance with the B-level stereo mode, the sampling
frequency is converted to 37.8 kHz and the number of quantization bits
is converted to four so that the audio PCM data are outputted as ADPCM
audio data having the data transfer rate which is one-fourth the above-
mentioned data transfer rate of 75 sectors/second, namely the data
transfer rate of 18.75 sectors/second. The B-level stereo mode ADPCM
audio data, continuously outputted from the ADPCM encoder 13 at the
transfer rate of rate of 18.75 sectors/second, are transmitted to the
memory 14.

Referring to Figure 5, the system controller 3 controls the
memory 14 by continuously incrementing the write pointer W of the
memory 14 at the transfer rate of 18.75 sectors/second for continuously
writing the ADPCM audio data in the memory 14 at the transfer rate of
18.75 sectors/second. The system controller 3 also controls the memory
14 by incrementing the read pointer R of the memory 14 in a burst
fashion at the transfer rate of 75 sectors/second, when the data volume
of the ADPCM audio data stored in the memory 14 exceeds a volume K, for
reading out the ADPCM audio data from the memory 14 as recording data
by the predetermined data volume K.
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predetermined volume K, the ADPCM audio data stored in the memory 14

are read out as recording data in a burst fashion at the transfer rate

10 of 75 sectors/second. In this manner, the input data may be written
continuously in the memory 14 while a data write area in excess of the
predetermined volume is always maintained in the memory 1l.

Meanwhile, the recorded data read out in a burst fashion from the
memory 14 may be continuously recorded on the recording track of each

15 magneto-optical disc by controlling the recording position on the
recording track of each magneto-optical disc by the first and second
optical disc drivers 1 and 2 by the system controller 3 on the basis of
the cluster and sector addresses. Moreover, since a data writing
region in excess of a predetermined volume is always maintained in the

20 nmemory 14, input data may be continuously recorded in this data writing
region, even if the system controller 3 detects that track jumps have
occurred by disturbances to interrupt the recording operation on the
magneto-optical disc. During this time, a resetting operation of.re-
recording at the interrupted recording position may be performed based

25 on the cluster address, so that the input data may be continuously
recorded on the recording track of the magneto-optical disc. The
current position may be displayed in terms of the actual recording time
by multiplying the read-out cluster address by a reciprocal of the data
compression rate and 32/75.

30 The recording position on the recording track of each magneto-
optical disc by the first and second optical disc drivers 1 and 2 may
be controlled on the basis of the cluster and sector addresses so that
the second optical disc driver 2 is captured into synchronization to
change over the switch 16 during the time until the cluster audio data

35 unit next to the last cluster audio data unit written by the first
optical disc driver on the first magneto-optical disc is read out from

; the memory 14, so that, a&s shown in Figure 6, cluster audio data are
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. 19
written by the second optical disc driver 2 on the second magneto-
optical disc starting from the cluster audio data unit next to the last
cluster audio data unit written by the first optical disc driver 1 on
the first magneto—opticél disc.

In the system controller 3, the time when the last cluster of the
first magneto-optical disc is reached is calculated by the system
controller 3 from the total number of clusters recorded in the TOC area
of the first magneto-optical disc on which the recording is made by the
first optical disc driver 1 for setting the timing of capturing the
second optical disc driver 2 for starting the recording by the second
optical disc driver 2. Index data or the like indicating that there
are main data to be recorded on the second magneto-optical disc in
continuation from the first magneto-optical disc are recorded in the
TOC area of the first magneto-optical disc. Similarly, timing data or
the like for specifying the leading cluster to be connected from the
first magneto-optical disc are recorded in the TOC area of he second
magneto-optical disc on which recording is made by the second optical
disc driver 2.

In this manner, in this optical disc recording apparatus, the
recording system of the second optical disc is captured into
synchronization, during the time until the cluster audio data unit next
to the last cluster audio data recorded on the first magneto-optical
disc is read from the buffer memory, for continuously recording.audio
signals on the first and the second magneto-optical discs, so that the
audio signals may be continuously recorded on a plurality of optical
discs continuously for a prolonged time.

In the playback system of the disc recording/reproducing
apparatus of Figure 1, the system controller 3 increments the write
pointer W of the memory 22 at the transfer rate of 75 sectors/second to
write the playback data in the memory 22 at the transfer rate of 75
sectors/second, while continuously incrementing the read pointer R of
the memory 22 at the transfer rate of 18.75 sectors/second continuously
to read the playback data from the memory 22 at the transfer rate of
18.75 sectors/second, as shown in Figure 7. When the write pointer W
overtakes the read pointer R, the system controller 3 discontinues
writing. When the data volume of the playback data stored in the

memory 22 is lower than a predetermined volume L, the system controller
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| are written in a burst-like manner in the memory 22, while the ADPCM
audio data are continuously read from the memory 14 as playback data at
the transfer rate of 18.75 sectors/second, by the above-described
10 nmemory control by the system controller 3, so that the playback data
may be continuously read from the memory 22 while data in excess of the
predetermined volume L are always maintained in the memory 22. On the
other hand, the playback data read out in a burst-like manner from the
memory 22 may be continuously reproduced from the recording track of
15 the magneto-optical disc by controlling the reproducing position on the
recording track of the magneto-optical disc by the system controller 3
on the basis of the cluster addresses and the sector addresses.
Besides, since the data in excess of the predetermined volume L are
maintained in the memory 22, data stored in excess of the volume L may
20 be read from the memory 22 to continue outputting analogue audio
signals, even when the system controller 3 detects track jumps, etc. by
disturbances, etc. to discontinue the reproducing operation from the
magneto-optical disc. During this time, the resetting operation of
again performing the reproduction at the interrupted reproducing
25 position may be performed on the basis of the cluster addresses. In
addition, during the time when the last of the cluster audio data
reproduced from the magneto-optical disc by the first optical disc
driver 1 are read from the memory 22, the second optical disc driver 2
is captured into synchronization, so that, after the above-mentioned
30 last data are read out, the changeover switch 20 is changed over to
link the reproducing operations. In this manner, audio signals may be
continuously reproduced without signal drop-out from a plurality of
optical discs to perform continuous reproduction for a prolonged time.
Furthermore, by reading the last cluster address of a piece of music,
35 and multiplying the cluster address by 32/75 and a reciprocal of the
data compression factor, the play time may also be displayed.

It is to be noted that the present invention is not limited to



magnes }ptl kieedr ecor di ng system of the apparatus of Figure
1; ancym the state of nmenory control in the reproducing
syst enjg@f the igure 1. _ Figure 1 shows an optical disc

recordg g/reprodUC|ng apparatus accordlng to the present invention in
which @idio signals are recorded on or g{oduced fromthe recording track

of a hjnet o-optical disc as digitized and time base conpressed audi o
data. P this end, a first optical disc driver 1 and a second optical disc
driver . eachyat r ggRdaed Qi nLEC 6P 0de6L ng, adi0 dALA.LRNA & g

cl ust el by-cl uster ba5|se a#géf gég%ﬂ?éeﬁp a5500|a?%ﬂ)knt%ﬁgach%other tfc

systemgontrol F %}Ofé,mgs/cs‘epmﬁa*pmmepamtss §la§ rkges q‘Fﬁ?Pﬁ@dCM‘ﬁen&@u%‘P’WeCtmn

recordgd and repihodeeesiing/ rddieatht3en dbf Veles Blléwi Ztereo moce VADPOM! BiSio
apparatjus, the. first and, second disc drivers and 2 are each ? erated so

that ddta may P8 eRHPTeing(reRtPNCEOPRY B4Se Pﬁcﬂ?rm%‘iedtﬁ‘earrédﬂé . BARISTal

di sc r_t at i&nadvit;h dtheteﬂo&éyAm’wpdeibeddﬂatﬂf ofhyer CORagSRitieis | | elidonDghal adtieon
recordijng, rXéQ:LQm s Cnﬁél § &/ﬂ :Iméted q%d&eax\&%Ml sys ccor d qubEr of

recor dijng data a nagne
, sectors making up the cluster also is not limited to =2 but may for

example be 64. Also, by using for example 4 Mbit buffexr memories as

the above-mentioned memories 14, 22, about 12 seconds of audio data may
10 be stored therein, so that, by exchanging optical disscs by a disc

changer and capturing the recording system of the second optical disc

into synchronization during this 12 second interval, recording or

reproduction may be made continuously without signal =rop-out by a

single optical disc driver over a plurality of optical &isc drivers.
15
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optical §ead. ata recording or reproduction is performed on the basis
of the QWuster addresses or sector addresse§ pre recorded or pre-formatted
on the gneto-optical disc, as |ater descri 8 The optical head of
each of §he disc drivers 1 and 2 is nade up
CLAIMS
1. A disc recording apparatus for recording input data on disc-

shaped recording media, the apparatus comprising:
S memory means (14) in which continuously inputted input data are
sequentially written and from which the input data are read out as

recording data at a transfer rate faster than the transfer rate at

which the input data are written therein;
recording means (1) for recording the recording data read from said
10 memory means (14) on a first disc-shaped recording medium rotationally
driven at a predetermined velocity;
recording controlling means (3) for effecting read-out control of said
memory means (14) so that, when the data volume of said input data
stored in said memory means (14) exceeds a first predetermined volume,
15 recording data of said first predetermined volume are read out
continuously from said memory means (14) so that a writing space in
excess of a second predetermined volume is maintained at all times in
= said memory means (14), said recording controlling means (3) also
effecting recording position control so that the recording data of said
20 first predetermined volume read out in a burst-like manner from said
memory means (14) by the read-out control of said memory means (14) are
continuously recorded on the recording track on said first recording
medium; and
linking controlling means (3) for capturing recording means (2) of a
25 second disc-shaped recording medium during the time interval when data
next to the last of data recorded on said first recording medium are
read from said memory means (14), for recording data continuously on

said first recording medium and on said second recording medium.

30 2. Apparatus according to claim 1 wherein said first predetermined

volume is in excess of a minimum recording unit of said recording data.

3. Apparatus according to claim 2 wherein said recording controlling
means (3) discontinues reading of the recording data from said memory
35 means (14) when said recording means (1) is in an unrecordable State,
said recording controlling means (3) reading the data which the

recording means (1) has become unable to record from said memory means
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means (14) during the time of resetting from said unrecordable state to
I said recordable state.
' 10

5. Apparatus according to any one of the preceding claims wherein

said input data are time base compressed data.

6. Apparatus according to any one of the preceding claims wherein
15 the information indicating that data are continuous to said second
recording medium is recorded in a predetermined area of said first

recording medium.

7. Apparatus according to any one of the preceding claims wherein
20 the information indicating that data are continuous from said first
recording medium is recorded in & predetermined area of said second

recording medium.

8. Apparatus according to any one of the preceding claims wherein
25 said 1linking controlling means (3) starts capturing said second
recording medium into synchronization responsive to the last address
pre-recorded on said first recording medium and the current recording

address.

30 9. Apparatus according to any one of the preceding claims wherein
said first and second recording media are exchanged using a disc

changer.

10. A disc reproducing apparatus for reproducing recorded data
35 continuously recorded on disc-shaped recording media, the apparatus
comprising:

reproducing means (1) for sequentially reading the recorded data from




optlca_ ':dI’IT\}; fited to afirst RF circuit 4. '

RF circufii extr “ l |ng signals and the focusing Hmmﬂﬂn'"gmn”lll
t he outpf the to transmt the extracted signalsctocas s «
first ser§ control circuit 5, while converting the playback signals into
corresponing binary signals and transmtting the converted binary signals

to a deco@@r 21 of the reproducing system vi a changeover switch 20. The

first RF @rcuit 4 al so transrn'ts the cluster and sector addresses to the
system cof@rol | er, irst dis t}f i.rst servo cog; rmol ro'ta% Wt 30 dri ¢
servo-conflol s the F‘ 5t °t56pt aé’&fi deeORT e ARG ot $ed"For SXANPt e2ta®
focusi ng $ervo carredeterniged waldgity, tataeksecgntsetmmf@@ntam festeauitha;n a first
spi ndl e Or Sely¥@nsfer rate required of playback output data;

memory means (14} in which playback data read by said reproducing means
5 (1) are sequentially written at said second transfer rate and from
which the sequentially written playback data are continuously read as
said playback output data at said first transfer rate;
playback controlling means (3) for effecting writing controlling of
said memory means (14) for writing said playback data of a second
| 10 predetermined volume when the volume of said playback data stored in
f said memory means (14) becomes less than a first predetermined volume
so that a wvolume of the playback data in excess of said first
predetermined volume is always maintained in said memory means (14),
said playback controlling means (3) also effecting playback position
15 controlling so that said playback data sequentially discontinuously
written in said memory means (14) by said writing controlling of said
memory means (14) are continuously read from the recording track of
said disc-shaped recording medium; and
linking controlling means (3) for capturing a recording system (2) of
20 a second disc-shaped recording medium during the time interval when the
last of data recorded on said first recording medium are reproduced, to
reproduce data continuously from said first recording medium and said

second disc-shaped recording medium.

25 11, Apparatus according to claim 10 wherein said second predetermined

volume is in excess of a minimum recording unit of said recording data.

12. Apparatus according to claim 11 wherein said reproducing
controlling means (3) discontinues writing of the playback data from
30 said memory means (14) when said reproducing means (1) is in an
unreproducible state, said reproducing controlling means (3) reading
the data which the recording means (1) has become unable to reproduce
from said first recording medium after said reproducing means (1) is
reset to a reproducible state, said reproducing controlling means (3)
35 recording the read data in continuation of playback data preceding said

data which the recording means (1) has become unable to reproduce.




10 c o1 o[Thig BireetHas Bemn@emactchr ead servo control circuit. Hﬂl uwh“ " ”U“l
servo co roI s focusing control of an optica

opti cal ad s using error signal wll be reducéd to zero. The
tracki ng gervo control circuit executes tracking control of the optical
system of@the optical head so that the tracki error signal wll be

reduced t® zero. The spindle notor servo control circuit controls the

spi ndl e tor so that the magneto-optical disc is rotationally driven at a
pr edet er

gned rotajionap ﬁé?‘liafsl Lé’coﬁﬁw t@‘%l@&m QZC%E%QtsaIJ.B %%Etvﬁ]eegfér)ﬂlned

The threag servo control circuilt he optical head and ghetic
head to ajtarget tYMReptsiniespesst of Iféah%@‘fe?‘b@&ﬁtq"éal vafiuae Qi’éQPb?ﬂi’t Eepmygaid

the systefn control héorg. mebR8 {141) Sdur@Rg i thal tilieS6f diels¥eting, fR® kaldiungeédiagsle
various cgntrol ope tlons %rans%%%i the information indicating the
operating}states of §rF%ﬁ?1 § 85P*¥he first optical disc driver 1
to the sy$tem 5

14, Apparatus according to any one of claims 10 to 13 wherein said

playback data read from said recording medium are time base compressed
! data.

10 15. Apparatus according to any one of claims 10 to 14 wherein linking
controlling is performed responsive to the information recorded in a
predetermined region of said first recording medium for indicating that

data are continuous to said second recording medium.

15 16. Apparatus according to any one of claims 10 to 15 wherein said
linking controlling means (3) starts capturing said second recording
medium into synchronization responsive to the last address pre-recorded

¥ on said first recording medium and the current reproducing address.

20 17. Apparatus according to any one of claims 10 to 16 wherein said

first and second recording media are exchanged using a disc changer.




control I 3ThlsSHeetHFh'ée W@ck out put obtained fromthe optical head of S
the seco opt|i er 2 is transmtted to a second RF circuit 6. '
The seco ‘RF l“ll m acts the tracking signals and the focusing

si gnal s omthe output of the optical head to transmt the extracted

signal s a second servo control circuit 7, ile converting the playback
signals ifnto corresponding binary signals and transmtting the converted

bi nary sifgnals to the decoder 21 of the reproducing systemvia the

changeovegy switch 20. The first RF circui tgéﬁﬁm transmts the cluster and
sector addresses to the system control ler 3. The second SErYo

control dircuit 7 servotrmEEORRING, APRARATUS AND PISC REFROD] BRARA

conpri se for exanple, a focus servo control CIrCUIt a tracklng servo
control dircuit, asplﬂ,gle m)éor S§fvo trgoamr U|t an ogg Senve
control dircuit. The focdSi KB EEHY SccSﬁ f‘ &i%PRUTY &1 1 S ig° desrngee By
control gf an 50pt¢¥faltlsymt eanadbgueheauddpt |sga¢anseeedlds¢mhatb8t5he Cbom:&smgg the

error si dnal Wi | Ir@_ﬁlgf,%ug@?ltta% gﬁﬁg slg',l}fos ta8CHIaR0F \éob&ﬁ%rrr %] brgll&')ton

execut es It racki ng cont ptical systemof t opti cal
that the :tracking® éﬂP%?ergbwpstw P#S%esq 88UCke reccztéeé on meerdiientirack of

notor servo contr@lfiekt Gdpthical disc. During the time interval when a cluster audio

data unit next to the last cluster audio data unit written on the first

10 optical disc by a first optical disc driver (1) is read from the memory
(14), a second optical disc driver (2) which can write on a second
optical disc is captured into synchronization for continuously
recording audio signals on the first and the second optical discs under
control of a system controller (3).

15
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operati ¢

tTmnSﬁmwBsB&ERenéﬂrnatlon i ndiygati.ng the operating states of

vari ous npon ond optical disc driver 2 to the system
controll ut operating unit 8 and a display 9 are
connecte o the s en1con roller 3, which controls the recording system
and the | produ0|ng systemw th an operating node designated by the
operatin@ i nput information fromthe key unit 8. On the basis of the
cluster @hd sector addresses reproduced fromthe nagneto-optical disc by
the discgrivers 1 and 2, systemcontroller 3 controls t he recordi ng and
reproducing positions on the recording track traced by the optical and
magneti ¢ theads of the disc drivers 1 and 2. On the basis of the bit
conpressijon node informati on at an ADPCM encoder 13, selected by the key
i nput operating section 8, and the bitl_cdnpression node information in the
reproducegd data obtained by the reprocu%ing system by the RF circuits 4 and
6, the syistemcontroller 3 causes the |bl't] conpressi on node to be displ ayed
on the dijsplay 9. Also, on the basis |o&Jthe cluster addresses and the bit
conpressiion rate in the bit corrpressmnm de, the systemcontroller 3
causes the play time, that is the reprlogdcing tine, to be displayed on the
di splay 9.
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bit conpression node,

rre1
gneto opt|c39

Huster address reproduced from

disc by the optical disc

by the reC|procaI of the data conpression

is,

four in the case of 1/4

conpr ess on, to find the actual tlne |nfornat|on, which is displayed on
the dispgay 9. Meanwhile, during recording, the current recording position
may al sojbe di splayed by the actual recording tine obtained by nultiplying
the pre-formatted cluster address, read out fromthe recording track, by
t he re0|procal of the data conprgssion. rate. The recordi ng system
of this disc recording/reproduci ng 4R ratq; i hcl udes an A/ D converter 12
supplied with anal ogue audi o|si gnal g ef+—Frpm an input terminal 10 via
a lowpass filter 11. The |A/ Dednyeriter 12 quantizes the audio
signals Alerr]. The digital~| audi o|dhtiaZzagitai ned fromthe A/ D converter 12
are transmtted to the a1 o o] X5
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2 A e fHag BeenReplaged,  AppOM encoder 13. the operating mode of which
i s desi @at ed rl H{IH controller 34/The digital audio data at the

pr edet elgm ned , quantized fromthe audio signals Alerr] by the
A/ D con®erter 12, are processed with a data conpression operation in
conform#y wth the various nodes in the CD-1 system shown in Table 1. For
exanple,’in the B-1evel node of Table 1, the digital audio data are
processed into co essed ta (ADPCM audi o data) having a sanpling
frequency of 37.8 , W tgdt he nunber of RQigs per sanple equal to four,
bef ore being suppl%éd to a nory 1 a yransfer rate
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with the -IevT'SS < © laged r educed to e-fourth of the data transfer
rate of sect I m t he standard DA format, or to 18.75
sect or s/ s@cond. apparatus of Figure 1, it is assumed that the

sanpling #frequency of the A/D converter 12 is fixed at the sanpling
frequencyjof the standard CD-DA format, or 44.1 kHz, and that, in the
ADPCM enc@der 13, bit conpression from16 to 4 bits is perforned after
converting the sanpling rate in conformty with the conpression node, for
exanple, ifromd44.1 kHz to 37.8 kHz for level B. Alternatively, the
sanpling ifrequency of the A/D conver}ie Kitself may be switchingly
controlled as a function of the coppressi bR nodes. In this case, the
cut-off frequency of the low pass/filter “&1\is also switchingly controlled
as a function of the switchingly sanpl ing frequency of the A/D
converter 12. That is, the sanpling freque of the A/D converter 12 and
the cut-off frequency of the INQw pasg ilter 11 my be

si mul t aneously control | ed dependi ng da_t hayTonpressi on nodes. The
menory 14 is used as a buffer nmenory |n\Mn;h data writing and read- out
are controlled by the systemcontroller 3¢ﬂnd whi ch tenporarily stores

ADPCM audi o data supplied fron1the<fiiiiijii§:er 13
miiffiiifii:>
=
s

FIG.5




for lated redB§ egnReplaged c whenever the necessity arises. Thus, in
the B-1evel stH H conpressed a6dvo data supplied fromthe
ADPCM engcoder nsfer rate reduced to one-fourth of the

standard CD-DA format data transfer rate of 75 sectors/second, or to

18. 75 sectors/second, these conpressed data being continuously witten in
the menory 14. Although it suffices to record the conpressed data ( ADPCM
data) at a rate of every four sectors, as expl ained above, it is in
practice inpossible to record the data at this rate of every four
sectors, so that the recording is nade sector-continuously. Thi s
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13 r ec rdlﬁgsgéa@@ggxﬁﬁe cfur st fashlon.ﬁy the sane data transfer rate as
that forj the format, or 75 sectors/second wth a

predet er ta ned ““[]E “[Hm ors, for exanmpl e, 32 plus sever al sectors, as a
recordi.ng unit B-1evel stereo mode ADPCM audi o dat a,
continuously witten at the low transfer rate of 18.75 (=75/4)

- sectors/second in conformty with the bit conpression rate is read fromthe
menory 14 as recording data in a burst fashion at the transfer rate of 75
sectors/second. Although the overall data transfer rate of the data thus

read out for recording, inclusive of non-recording period, is the
above-nentioned |ow transfer 8. 75 sectors/second, the

i nst ant aneous data transfer ratgouA hi time interval of the burst-Ilike
recordi ng operation is the above{nenti oned $tandard rate of 75
sectors/second. Thus, when the rqdtational -%gcity of the disc is equal to
that of the standard CD-DA format, consya |l i near velocity, recording
is made with the sane storage pattera d”at the same recording density as

those of the CD-DA fornmat. *

FIG.7




fogrsy <1 B
The ADPCM audi o data, that is recording data, read out from nenory 14 in a

burst fashion at the transfer rate of 75 sectors/second, are supplied to
an encoder 15. In a data string supplied fromthe nenory 14 to the.
encoder 15, a data unit continuously recorded with each recording is
conposed of a plurality of, for exanple, 32 sectors, and several
cluster-1linking sectors arrayed beforejand after each cluster. The

cluster-1inking o Et;&%ﬁdcﬁ%@ﬁﬂm@@emmhaﬂsct REPRPAVEENEavi ng | ength
at the encoder 15.7's I} at i nterl eappagadiusa gi ven cluster does not affect
data of neighbouring clusters. Details of recording on the

cluster-by-cl ustg{s bARERtiMn IrePRRXRbaDed bedbBiing Gipphrddid lafd FaLer e 2.
In the encoder 15, the recording data supplied in a burst fashion from

the menory F$AFOMEINE BRRASEEWSwith error-correction coding, such as by
parity additi onAanspticikdisatiangs recoling-chpaciiules itontiteeMrdetsenf
recording GakReusl 4 RLOGRER Wal! It o UMACL A abYe | BR1 AN ERGRA I Trighll
supplied via ¢ angeo&er swtch 16 to magnetic head recording circuits 17
and 18 of tSReeqd peegssathense taprrshpred-Eecogding mediyay s Meregygrp an optical The

magneti ¢ heddcdr indsnNg exbénlénts kitravidity, ar auconmoct adntcorther gagnetic
heads of the bidiRk/&R%ed&to0s ORdd tRlsetbisols! YEEieal Hitsndvd' cone to

be used extensively in recent years. The best known form of optical

disc is the compact disc (CD).

To provide portable, especially pocket-size headphone stereo,
devices, using optical discs, a CD with a disc diameter of 12 cm and a
CD with a disc diameter of 8 cm (so-called CD single) have been
proposed. To reduce the size of the recording/reproducing apparatus,
a disc with a diameter of 8 cm or less would be preferred. However, in
attempting to provide a portable or pocket-size recording/reproducing
apparatus for an optical disc 8 cm or less in diameter, the following
problem arises.

In the case of a standard CD format optical disc, on which are
recorded stereophonic digital PCM audio signals sampled with a saﬁpling
frequency of U44.1 kHz and quantized with 16 bits, and where these
signals are exclusively reproduced by the user (CD-DA format), the
reproducing time of a disc 8 cm in diameter is 20 to 22 minutes at
most, so that a symphony, for example, cannot be recorded on one-disc
side. A playback time of 74 minutes or longer, which is approximately
equal to that of a 12 cm CD, is preferred. Moreover, it is not
possible for the user to make recordings with this CD~-DA format.

Likewise, with a CD-MO format (a format employing a recordable
nagneto-optical disc) as an extension of the above-mentioned standard
CD-DA format, the recording/reproducing time of an 8 cm disc is only 20
to 22 minutes, as in the CD-DA format.

With the CD-I (CD-Interactive) format, levels A to C shown in
Table 1 are prescribed as the modes for recording/reproducing bit-
compressed digital audio signals.
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driving these magnetic heads for applying magnetic fields conformng to
the recording data to the nagneto-optical disc. :
14 The system controller 3, controlling the nenory 14 in the above-
descri bed manner, controls the recording position so that the recording
data read out in the burst fashion fromynemory 14 may be continuously
recorded on the recording track of each magneto-optical disc by the

TABLE 1
Level Sampling Number of Band-Width Playback
Frequency Quantization Time
Bits Stereo/Mono
A 37.8kHz 8 17kHz 2/4
B 37.8kHz 4 17kHz 4/8
C 18.9kHz 4 8.5kHz 8/16

When reproducing a disc recorded using, for example, the level B
mode, signals obtained by quadruple bit compression of standard CD-DA
format digital signals are reproduced. Thus, if all of the recorded
data are compressed stereophonic audio data, playback time 1is
quadrupled, or reproduction of 4-channel data becomes feaéible. so that
reproduction for 70 minutes or longer becomes possible with an optical
disc 8 cm in diameter or less.

Meanwhile, with the CD-1 format, the disc is rotationally driven
at the same linear velocity as that for the standard CD-DA format, so
that continuous audio compressed data are reproduced at a rate of one
unit to pn recorded units on the disc, where n is a figure corresponding
to the playback time or the bit compression rate of data, and is equal
to four with the level B stereo mode. This unit is termed a block or
sector, which is made up of 98 frames and has a period of 1/75 second.
Therefore, with this level B stereo mode, a data string in which every
fourth sector is an audio sector, such as:

SDDPDDSDDD ~o0
where S is an audio sector and D is another sector(s), is recorded on
the disc. However, for actual recording, since the above data string
is processed with predetermined encoding similar to that for ordinary
CD format audio data, such as error correction coding and interleaving,
data of the audio sector S and data of the data sector D are arranged
in a scrambled fashion in the recording sectors on the disc. The other
data sectors may, for example, be video or computer data. When the
bit-compressed audio signals are also used for the data sector D, a
data string in which four-channel audio sectors Sl to S4 are cyclically
arranged; that is a data string:

S1 S2 S3 S4 s1 s2 S3 sS4 - -
is encoded and recorded on the disc. When recording and reproducing
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first and second optical disc drivers 1 and 2. During
el apses until reading fromnenory 14 of a cluster audio
the last cluster audio data witten on the recording
magnet o-optical disc unit by the first optical disc dfiyep hhmys, e;m
controller 3 captures the second optical disc driver nto 55 m’za{tlon
to cause the first and second optical 3disc drivers 1

cont i nuous recording on the recording track of the net o- opti cal dlsis
Recording control by the systemcontroller 3 is, performed by cumuurlﬁ.g
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2: and the disc. Channel 3 data corresponding to the audio sector S3 are
reproduced from the innermost to the outermost areas of the disc.
Finally, channel 4 data corresponding to the audio sector Si are
reproduced from the innermost to the outermost areas of the disc to
enable data reproduction for a continuous quadrupled time duration.

However, for the above-mentioned continuous reproduction, several
track jump operations between the inner and outer disc peripheries are
required. Since a track jump cannot be performed instantaneously,
playback data are interrupted for a short time period. This means that
the reproduced sound is interrupted momentarily.

For overcoming the above-described problem, we have proposed the
following technique.

More specifically, when data similar to those of the above-
mentioned CD-DA format, that is audio PCM data having the sampling
frequency of lli.1 kHz, sixteen quantization bits and a data transfer
rate of 75 sectors/second, are recorded after bit compression in
accordance with the B-level stereo mode, the sampling frequency of the
audio PCM data with the data transfer rate of 75 sectors/second is
converted to 37.8 kHz, while the number of quantization bits is reduced
to four, to produce ADPCM audio data with the data transfer rate equal
to one-fourth the original rate, or 18.75 sectors/second. The B-level
stereo mode ADPCM audio data, continuously outputted at the 18.75
sectors/second, are written in a buffer memory. When the data volume
of the ADPCM audio data stored in the buffer memory exceeds a
predetermined volume K, the ADPCM data are read out from the buffer
memory as recording data by the predetermined volume K in a burst

fashion at the transfer rate of 75 sectors/second. These data are

recorded in a continuous state on a recording track of the magneto-
opticel disc by address-controlling the recording positions on the
recording track.

That i{g, in this recording system for the ADPCM audio data, the
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the buffer memory exceeds the predetermined volume K, the ADPCM audio

data are read out from the buffer memory by the predetermined volume K
as the recording data in a burst fashion at the above-mentioned
transfer rate of 75 sectors/second by increménting the read pointer of
the buffer memory in a burst fashion at the transfer rate of 75
sectors/second.

On the other hand, in the reproducing system for the ADPCM data,
playback data from the disc are written into the buffer memory at the
transfer rate of 7% sectors/second by incrementing the write pointer of
the buffer memory at the transt‘ei‘ rate of 75 sectors/second, while the
playback data are continuously read from the buffer memory at the
transfer rate of 18.75 sectors/second, by continuously incrementing the

read pointer of the buffer memory at the transfer rate of 18.75

sectors/second. Writing is discontinued when the read pointer is

overtaken by the write pointer. When the data volume of the playback

data stored in the buffer memory is lower than a predetermined volume,
the write pointer of the buffer memory is incremented in a burst
fashion at the transfer rate of 75 sectors/second to write data in the
buffer memory. . .

By controlling the buffer memory in this manner, the B-level
stereo mode ADPCM audio data reproduced from the recording track of the
magneto-optical disc are written in the buffer memory in a burst

fashion at the transfer rate of 75 sectors/second, while the ADPCM
audio data are continuously read from the buffer memory as playback

data at the transfer rate of 18.75 sectors/second. In this manner, the

playback data are continuously read from the buffer memory while the

data volume exceeding the predetermined volume is maintained at all

times in the buffer memory. By address-controlling the playback

position on the recording track-of the magneto-optical &isc, the audio
data may be continuously reproduced from the recording track of the
magneto-optical disc.

If it is attempted to record continuous audio signals, it is not
possible to reqord only the sector S2 signals, by reason of the
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sectors S1 and S3, or even the sectors neighbouring thereto, such that

it becomes necessary to rewrite signals of the pre-recorded signals.

This indicates that it is extremely difficult to record the compressed
continuous audio data.

If it were possible to switch between the above-mentioned
compression modes, the usage of the recording/reproducing apparatus may
be enhanced advantageously. However, if the rotational speed of the
disc, recording pattern or signal processing operations should be
switched for each of these selected compression modes, the construction
of the circuit is complicated and the apparatus becomes expensive. It
is therefore desirable that the controlling or signal processing
operations or the recording patterns be changed as little as possible
with changes in the compression modes.

For overcoming the above-mentioned problem, we have proposed a
technique in which digital data are arranged into clusters at an
interval of a predetermined number of, for example, 32 sectors, and for
example five cluster-linking sectors, each longer than an interleaving
length, are provided at each cluster-linking region so that data
interleaving in each cluster does not affect the neighbouring clusters.

Long-duration recording or long-duration reproduction of the
audio signels becomes possible by performing bit compression of the
digital audio signals before recording these digital audio signals.
However, the recordable data volume on one optical disc is limited. so
that the maximum recording time is limited by the recording caepacity of
the optical disc. Although continuous recording or continuous
reproduction for an extended period of time becomes possible by using
a plurality of discs one after another, signal drop~out of the audio
signals is produced at the time of exchange of the optical discs.

According to the present invention there is provided a disc
recording apparatus for recording input data on disc-shaped recording
media, the apparatus comprising:
memory means in which continuously inputted input data are sequentially
written and from which the input data are read out as recording data at

a transfer rate faster than the transfer rate at which the input data
are written therein;
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of 18.75 memory means so that a writing space in excess of a second
predetermined volume is maintained at all times in said memory means,
said recording controlling means also effecting recording position
control so that the recording data of said first predetermined volume
read out in a burst-like manner from said memory means by the read-out
control of said memory means are continuously recorded on the recording
track on said first recording medium; and
linking controlling means for capturing recording means of a second
disc-shaped recording medium during the time interval when data next to
the last of data recorded on said first recording medium are read from
said memory means, for recording data continuously on said first
recording medium and on said second recording medium.

According to the present invention there is also provided a disc
reproducing apparatus for reproducing recorded data continuously
recorded on disc-shaped recording media, the apparatus comprising:
reproducing means for sequentially reading the recorded data from a
first disc-shaped recording medium, rotationally driven at a
predeterningd velocity, at a second transfer rate faster than a first
transfer rate required of playback output data;
mewmory means in which playback data read by said reproducing means are
sequentially written at said second transfer rate and from which the
sequentially written playback data are continuously read as said
playback output data at said first transfer rate;
blayback controlling means for effecting writing controlling of said
memory means for writing said playback data of a second predetermined
volume when the volume of said playback data stored in said memory
means becomes less than a first predetermined volume so that a volume
of the playback data in excess of said first predetermined volume is
always maintained in said memory means, said playback controlling means
also effecting playback position controlling so that said playback data
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CD- DA node digital audio data. These digital audio datd are transmtted
by the ADPCM decoder 23 to a D/ A converter 24.

converts the digital audio data supplied
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séquent.ially discontinuously written in said memory means by said
writing controlling of said memory means are continuously read from the
recording track of said disc~shaped recording medium; and

linking controlling means for capturing a recording system of a second
disc-shaped recording medium'dur:lng the time interval when the last of
data recorded on said first recording medium are reproduced,

to
reproduce data continuously from said first recording medium and said

second disc~shaped recording medium.

Thus the present invention provides an optical disc recording
apparatus in which audio data obtained by digitizing analogue audio
signals and time ba_se compressing the resulting digital audio signals
are read from a buffer memoi'y on a cluster-by-cluster basis so as to be
recorded on a recording track of an optical disc,
recording controlling means is provided whereby,

and in which

during the time
interval when a cluster audio data unit next to the last cluster audio

data unit written on a first optical disc is read from a memory, &
second optical disc driver is captured into synchronization for
continuously recording audio signals on the first and the second
optical discs under control by a system controller.

The present invention also provides an .opt:ical disc reproducing
apparatus in which time base compressed audio data are reproduced on a
cluster-by-cluster basis from a recording track on the optical disc so
as to be read and outputted. from a buffer memory after time base
expansion, and in which playback controlling means is provided whereby,
during the time the last cluster audio data unit reproduced from the

first optical disc is read from the buffer memory, the playback system

of the second optical disc is captured into synchronization for

continuously reproducing the first optical disc and the second optical
disc.

With optical disc recording apparatus according to the present
invention, & second optical disc driver is captured into
synchronization during the time interval when a cluster audio data unit
next to the last cluster audio data unit written on a first optical
disc is read from a memory, for continuously recording audio signals on
the first and the second optical discs under control by a system
controller.

With the optical disc reproducing apparatus according to the

The DIFA”" converter
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buffer memory, for continuously reproducing the first optical disc and
the second optical disc.

The invention will now be described by way of example with
reference to the accompanying drawings, tﬁroughout which like parts are
referred to by like references, and in which:

Figure 1 is a block diagram showing an embodiment of a disc
recording/reproducing apparatus according to the present invention;

Figure 2 shows & signal format of a cluster as a recording unit
in the apparatus of Figure 1;

Figure 3 shows the relation between the cluster, cluster address
and the sector address in the apparatus of Figure 1;

Figure 4 shows a data format employed in the
recording]reproducing apparatus;

Figure § shows the state of memory control in the recording
system of the apparatus of Figure 1;

Figure 6 shows the recording state of continuous recording on two
magneto-optical discs by the recording system of the apparatus of
Figure 1; and

Figure 7 shows the state of memory control in the reproducing
system of the apparatus of Figure 1.

Figure 1 shows an optical disc recording/reproducing apparatus
according to the present invention ih which audio signals are recorded
on or reproduced from the recording track of a magneto-optical disc as
digitized and time base compressed audio data. To this end, a first
optical disc driver 1 and a second optical disc driver 2, each arranged
for recording/reproducing audio data on a cluster-by-cluster basis, are
operatively associated with each other by a system controller 3, so
that the audio signals may be continuously recorded and reproduced by
the disc drivers 1 and 2,

With this apparatus, the first and second disc drivers 1 and 2
are each operated so that data may be recorded along a recording track
of the magneto-optical disc rotationally driven by a spindle motor by
magnetic field modulation recording, by applying a magnetic field
modulated in accordance with recording data by a magnetic head while
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pre-formatted on the magneto-optical disc, as later described.

The optical head of each of the disc drivers 1 and 2 is made up
of optical components, such as a laser source, for example a laser
diode, a collimator lens, an objective lens, & polarization beam
spitter or a cylindrical lens, and split photodetectors, and is mounted
facing the magnetic head with the magneto-optical disc in-between,
When recording data, the optical head radiates a laser light on the

gic (1 val ue . cdntir ol

target track of the disc, on which the magnetic field modulated in
accordance with the recording data is applied by the magnetic head by
the magnetic head driving circuit, to record the_ data
thermomagnetically. The optical head also detects the 1aser 11ght'=-.'._.i."'
reflected from the target track for detecting f‘ocusing errors by, for
example, a so-called astigmatic method and tracking errors by, for
exanple, & so~called push-pull method. When reproducing recorded data -
from the disc, the optical head detects the difference in the
polarization angle of the reflected light from the target track (Kerr
rotation angle) for producing playback signals. The optical head also
reproduces cluster addresses and sector addresses pre-formatted as pits
along with, for example synchronization signals at the leading end of
each sector.

The playback output obtained from the optical head of the first
optical disc driver 1 is transmitted to a first RF circuit 4. The
first RF circuit 4 extracts the tracking signals and the focusing
signals from the output of the optical head to transmit the extracted

signals to a first servo control circuit 5, while converting the

playback signals into corresponding binary signals and transmitting the

converted binary signals to a decoder 21 of the reproducing system via

a changeover switch 20. The first RF circuit 4 also transmits the

cluster and sector addresses to the system controller 3.
The first servo control circuit § servo-controls the first
optical driver 1 and comprises, for example, a focusing servo control

circuit, a tracking servo control circuit, a spindle motor servo
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.control circuit and a thread servo control circuit. The focusing servo

control circuit effects focusing control of an optical system of the
optical head so that the focusing error signal will be reduced to zero.
The tracking servo control circuit executes tracking control of the

optical system of the optical head so that the tracking error signal

will be reduced to zero. The spindle motor servo control circuit

controls the spindle motor so that the magneto-optical disc is

rotationally driven at a predetermined rotational velocity, such as at

a constant linear velocity. The thread servo control circuit shifts

the optical head and the magnetic head to a target track position of

the magneto-optical disc designated by the system controller 3. The

first optical disc driver 5, performing these various control

operations, transmits the information indicating the operating states
of various components of the first optical disc driver 1 to the systenm
controller 3.

‘ . The playback output obtained from the optical head of the second
optical disc driver 2 is transmitted to a second RF circuit 6. The
second RF circuit 6 extracts the tracking signals and the focusing
signals from the output of the optical head to transmit the extracted
signals to a second servo control circuit 7, while converting the
playback signals into corresponding binary signals and transmitting the
converted binary signals to the decoder 21 of the reproducing system
via the changeover switch 20. The first RF circuit § also transmits
the cluster and sector addresses to the system controller 3.

The second servo control circuit 7 servo-controls the second

optical driver 2 and comprises, for example, a focus servo control

circuit, a tracking servo control circuit, a spindle motor servo
contr61 circuit and a thread servo control circuit. The focusing servo
control circuit effects focusing control of an optical system of the
optical head so that the focusing error signal will be reduced to zero.
The tracking servo control circuit executes tracking control of the

optical system of the optical head so that the tracking error signal

will be reduced to zero. The spindle motor servo control circuit

controls the spindle motor so that the magneto-optical disc is
rotationally driven at a predetermined rotational velocity, such as at

a constant linear velocity. The thread servo control circuit shifts

the optical head and the magnetic head to a target track position of
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out put t ed r@srdddRiNg system with an operating mode designated by the operating
input information from the key unit 8. On the basis of the cluster and
sector addresses reproduced from the magneto-optical disc by the disc

drivers 1 and 2, system controller 3 controls the recording and
reproducing positions on the recording track traced by the optical and

magnetic heads of the disc drivers 1 and 2. On the basis of the bit

compression mode information at an ADPCM encoder 13, selected by the
key input operating section 8, and the bit compression mode information
in the reproduced data obtained by the reproducing system by the RF
circuits 4 and 6, the system controller 3 causes the bit compression
mode to be displayed on the display 9. Also, on the basis of the
cluster addresses and the bit compression rate in the bit compression
mode, the system controller 3 causes the play time, that is the
reproducing time, to be displayed on the display 9.

For displaying the reproducing time, the cluster address
reproduced from the recording track of the magneto-optical disc by the
optical disc drivers 1 and 2 is muli;i_plied by the reciprocal of the
data compression rate iﬁ the bit compression mode, that is, four in the
case of 1/4 compression, to find the actual time information, which is *

displayed on the display 9. Meanwhile, during recording, the current

recording position may also be displayed by the actual recording time
obtained by multiplying the pre-formatted cluster address, read out
from the recording track, by the reciprocal of the data compression
rate.

The recording system of this disc recording/reproducing apparatus
includes an A/D converter 12 supplied with analogue audio signals Ay
from an input terminal 10 via a low-pass filter i1.

The A/D converter 12 quantizes the audio signals A;,. The digital

audio data obtained from the A/D converter 12 are transmitted to the
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conformity with the various modes in the CD-I system shown in Table 1
For example, in the B-level mode of Table 1, the digital audio data are
processed into compressed data (ADPCM audio data) having a sampling

frequency of 37.8 kHz, with the number of bits per sample equal to

four, before being supplied to a memory 1i. The data transfer rate

with the B-level stereo mode 1s reduced to one-fourth of the data

transfer rate of 75 sectofs/second of the standard CD-DA format, or to
18.75 sectors/second.

In the apparatus of Figure 1, it is assumed that the sampling

frequency of the A/D converter 12 is fixed at the sampling frequency of

the standard CD-DA format, or 44.1 kHz, and that, in the ADPCM encoder

13, bit compression from 16 to 4 bits is performed after converting the
sampling rate in conformity with the compression mode,

for example,
from 44,1 kHz to 37.8 kHz for level B.

Alternatively, the sampling
frequency of the A/D converter 12 itself may be switchingly controlled

as a function of the compression modes. In this case, the cut-off

frequency of the low-pass filter 11 is also switchingly controlled as

a function of the switchingly controlled sampling frequency of the A/D

converter 12.

and the cut-off frequency of the low-pass filter 11 may be
simultaneously controlled depending on the compression modes.

The memory 14 is used as a buffer memory in which data writing
and read-out are controlled by the system controller 3 and which
temporarily stores ADPCM audio data supplied from the ADPCM encoder 13
for later recording on the disc whenever the necessity arises. Thus,
in the B-level stereo mode, the compressed audioc data supplied from the
ADPCM encoder 13 has its transfer rate reduced to one-fourth of the
standard CD-DA format data transfer rate of 75 sectors/second, or to

18.75 sectors/second, these compressed data being continuously written

in the memory 14. Although it suffices to record the compresséd data

(ADPCM data) at a rate of every four sectors, as explained above, it is
in practice impossible to record the data at this rate of every four

sectors, 80 that the recording is made sector-continuously. This

That is, the sampling frequency of the A/D convertéer 12 .
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that for the standard CD-DA format, or 75 sectors/second., with a

predetermined number of sectors, for example, 32 plus several sectors,
as a recording unit. That is, the B-level stereo mode ADPCM audio data,

continuously written at the low transfer rate of 18.75 (=75/4)

sectors/second in conformity with the bit compression rate is read from
the memory 14 as recording data in a burst fashion at the transfer rate

of 75 sectors/second. Although the overall data transfer rate of the

data thus read out for recording, inclusive of the non-recording

period, is the above-mentioned low transfer rate of 18.75
sectors/second, the instantaneous data transfer rate within the time
interval of the burst-like recording operation is the above-mentioned

standard rate of 75 sectors/second. Thus, when the rotational velocity

of the disc is equal to that of the standard CD-DA format, or constant
linear velocity, recording is made with the same storage pattern and at
the same recording density as those of the CD-DA format.

The ADPCM audio data, that is recording data, read out from

memory 1l in a burst fashion at the transfer rate of 75 sectors/second

are supplied to an encoder 15. In a data string supplied from the

memory 14 to the encoder 15, a data unit continuously recorded with
each recording is composed of a plurality of, for example, 32 sectors,
and several cluster-linking sectors arrayed before and after each
cluster. The cluster-linking sector has a length longer than. the
interleaving length at f.he encoder 15, so that interleaving of a given
cluster does not affect dat;a' of neighbouring clusters. Details of
recording on the cluster-by-cluster basis will be explained later
referring to Figure 2.

In the encoder 15, the recording data supplied in a burst fashion
from the memory ilf are processed with error-correction coding, such as
by parity addition and interleaving, or 8-to-ilfi modulation {EFM). The
recording data, thus processed with encoding by the encoder 15, are
supplied via changeover switch 16 to magnetic head recording circuits
17 and 18 of the first and second optical disc drivers 1 and 2.

The magnetic head driving circuits 17 and 18 are connected to the
magnetic heads of the first and second optical disc drivers 1 and 2 for

driving these magnetic heads for applying magnetic fields conforming to
the recording data to the magneto-optical disc.
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reci proc ;;p\eoqaq\ﬁ@mphcal disc unit by the irst optical disc driver 1, the

system controller 3 captures the second optical disc driver 2 into
synchronization to cause the first and second optical disc drivers 1
and 2 to perform continuous recording on the recording track of the
magneto-optical discs.

Recording control by the system controller 3 is performed by
controlling the recording position of the recording data read out in
burst fashion from the memory 1§ based on the cluster and sector
addresses, and by supplying control signals designating the recording
position on the magneto-optical disc to the first and second servo

control circuits 5 and 7.

The reproducing system of the present disc recording/reproducing
system will now be explained.

The reproducing system is designed to reproduce the recording
data continuously recorded on the recording track of each magneto-
optical disc by the first and second optical disc drivers 1 and 2; and
includes the decoder 21 to which the playback output obtained on
tracing the recording track of the magneto-optical disc by the optical
head of the first and second optical heads 1 and 2 with a laser light
is supplied wvia the changeover switch 20 after conversion into

corresponding binary signals by the first and second RF circuits 4 and
6.

The decoder 21 is a counterpart of the encoder 15 of the above-
described recording system and effects processing, such as decoding for

error correction and 1l4-to-8 demodulation, on the binary playback

output from the first and second RF circuits 4 and 6 for reproducing
the above-mentioned B-level stereo mode ADPCM audio data at a transfer
rate of 75 sectors/second which is faster than the normal transfer rate

for the B-level stereo mode. The playback data produced by decoder 21

are supplied to a memory 22.

rnms of
ress by a
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are qge m mory ‘22 %a SEta writing and reaégout controlled by the
system controller 3 so that the playback data supplied fronm the decoder

21 at the transfer rate of 75 sectors/second are written thepein in
burst fashion at the transfer rate of 75 sectors/second.

The playback
data written in the memory 22 in burst fashion at the trangfer rate of

75 sectors/second are also read out continuously from the memory 22 at
the normal B-level stereo mode transfer rate of 18,75 sectors/second.

The system controller 3 controls the memory 22 go that the
playback data are written in the memory 22 at the transfer rate of 75
sectors/second, while being continuously read from the memory 22 at the
transfer rate of 18.75 sectors/second.

The system controller 3, controlling the memory 22 in the above-
described manner, controls the playback position so that the playback
data written in burst fashion in the memory 22 by the memory control
may be continuously reproduced from the recording track of the magneto-
optical disc. Also, during the time until the last cluster audio data
unit read on the cluster-by cluster basis from the magneto-optical disc
by the first optical disc driver 1 are read from the memory 22, the
system controller 3 captures the second optical disc driver 2 into
synchronization for continuously reproducing the audio data from the
recording track of each magneto-optical disc by the first and second
optical disc drivers 1 and 2.

The system controller 3 performs playback control by controlling
the reproducing position of the reproduced data read out in a burst
fashion from the memory 22 based on the cluster and sector addresses
and supplying control signals designating the reproducing position on
the recording track of the magneto-optical disc to the first and second
servo control circuits 5 and 7.

The B-level stereo mode ADPCM audio data, produced ag playback
data continuously read from the memory 22 at the transfer rate of 18 75
sectors/second, are supplied to an ADPCM decoder 23.

The ADPCM decoder 23, which is a counterpart of the ADPCM encoder
13, has its operating mode specified by the system controiler 3, and
expands the B-level stereo mode ADPCH audio data by a factor

of four to
reproduce the CD-DA mode digital audio data.

Thege digital audio data
are transmitted by the ADPCM decoder 23 to g D/A converter 24

The D/A converter 24 converts the digital audio data supplied
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The one/zero values from circuit 924 and delay
element 930 are coupled to respective input connections of
an AND gate 934. The values coupled to AND gate 934
repregsent differences disposed on either side of the
current line alternating comb filter sample removed two
sample intervals from the current sample and derived from
the current line (N) and the adjacent line (N-1) which is
not contributing to the current line alternating comb
filter sample. AND gate 934 provides a logic one output
value when a vertical transition exists between the current
line and the adjacent line not contributing to the current
line alternating comb filter sample.

The output logic value from AND gates 932 and 934
are applied to the control logic circuitry 940 which
generates control signals for multiplexer 922. If AND gate
932 provides a logic 0 value, control circuit 940
conditions multiplexer 922 to pass the sample available
from multiplexer 64. If both of the AND gates 932 and 934
provide logic one values, indicating transitions between
the current line and both adjacent lines, control circuitry
940 conditions multiplexer 922 to pass the sample available
from the bandpass filter 54. Finally, if AND gate 932
provides a logic one and AND gate 934 provides a logic
zZero, indicating a vertical transition between e.g., lines
N and N+1 but no transition between lines N and N-1, then
control circuit 940 conditions the multiplexer 922 to pass
the alternate difference sample (e.g., n-a) provided by
subtracter 926.

The circuitry of FIGURE 9 can be slightly
rearranged to generate a further substitute signal
(alternative to the sample n-~a). Consider the comb
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In the recording system of the disc recording/reproducing
apparatus, shown in Figure 1, digital data obtained from A/D. converter
12 are the audio PCM data having the sampling frequency of 44i.1 kHz,
the number of quantization bits of 16 and the data transfer rate of 75
sectors/second, similar to the CD-DA format data, as shown in Figure 4.
If these audic PCM data are supplied to the ADPCM encoder 13 for bit
compression in accordance with the B-level stereo mode, the sampling
frequency is converted to 37.8 kHz and the number of quantization bits
is converted to four so that the audio PCM data are outputted as ADPCM
audio data having the data transfer rate which is one-fourth the. above-
mentioned data transfer rate of 75 sectors/second. namely the data
transfer rate of 18.75 sectors/second. The B-level stereo mode ADPCM
audio data, continuously outputted f‘rom the ADPCM encoder 13 at the
transfer rate of rate of 18.75 sectors/second, are transmitted to the
memory 14.

Referring to Figure %, the system controller 3 controls the
memory 14 by continuously incrementing the write pointer W of the
memory 14 at the transfer rate of 18.75 sectors/second for continuously
writing the ADPCM audio data in the memory 14 at the transfer rate of
18.75 sectors/second. The system controller 3 also controls the memory
i4 by incrementing the read pointer R of the memory 14 in a burst
fashion at the transfer rate of 75 sectors/second, when the data volume
of the ADPCM audio data stored in the memory 14 exceeds a volume K, for
reading out the ADPCM audio data from the memory 14 as recording data
by the predetermined data volume K.
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That is, in the recording systen of the disc
recording/reproducing apparatus, shown in Figure 1, the system
controller 3 controls the memory 14 so that the ADPCM audio data,
continuously outputted from the ADPCM encoder 13 at the transfer rate
of, for example, 18.75 sectors/second, are written in the memory 14 at
the above-mentioned transfer rate of 18.75 sectors/second. When the
volume of the ADPCM audio data stored in the memory 14 exceeds the
predetermined volume K, the ADPCM audio data stored in the memory il

are read out as recording data in a burst fashion at the transfer rate

of 75 sectors/second. In this manner, the input data may be written

continuously in the memory 14 while a data write area in excess of the
predeternined volume is always maintained in the memory 1ili.
Meanwhile, the recorded data read out in a burst fashion from the
memory 14 may be continuously recorded on the recording track of each
magneto-optical disc by controlling the recording position on the
recording track of each magneto-optical disc by the first and second
optical disc drivers 1 and 2 by the system controller 3 on the basis of

the cluster and sector addresses. Moreover, since a data writing

region in excess of a predetermined volume is always maintained in the
memory 14, input data may be continuously recorded in this data writing
region, even if the system controller 3 detects that track jumps have

occurred by disturbances to interrupt the recording operation on the

magneto-optical disc. During this time, & resetting operation of re-

recording at the interrupted recording position may be performed based

on the cluster address, so that the input data may be continuously

recorded on the recording track of the magneto-optical disc. The
current position may be displayed in terms of the actual recording time
by multiplying the read-out cluster address by & reciprocal of the data
compression rate and 32/75.

The recording position on the recording track of each magneto-
optical disc by the first and second optical disc drivers 1 and 2 may
be controlled on the basis of the cluster and sector addresses so that
the second optical disc driver 2 is captured into synchronization to
change over the switch 16 during the time until the cluster audio data
unit next to the last cluster audio data unit written by the first
optical disc driver on the first magneto-optical disc is read out from

the memory 14, so that, as shown in Figure 6, cluster audio data are
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first optical disc driver 1 for setting the timing of capturing the
second optical disc driver 2 for starting the recording by the second
optical disc driver 2. Index data or the like indicating that there
are main data to be recorded on the second magneto-optical disc in
continuation from the first magneto-optical disc are recorded in the
TOC area of the first magneto-optical disc. Similarly, tiﬁing data or
the like for specifying the leading cluster to be connected from the
first magneto~optical disc are recorded in the TOC area of he second

magneto-optical disc on which recording is made by the second optical
disc driver 2.

In this manner, in this optical disc recording apparatus, the
recording system of the second optical disc is captured into
synchronization, during the time until the cluster audio data unit next
to the last cluster audio data recorded on the first magneto-optical
disc is read from the buffer memory, for continuously recording.audio
signals on the first and the second magneto-optical discs, so that the
audio signals may be continuously recorded on a plurality of optical
discs continuously for a prolonged time.

In the playback system of the disc recording/reproducing
apparatus of Figure 1, the system controller 3 increments the write
pointer W of the memory 22 at the transfer rate of 75 sectors/second to
write the playback data in the memory 22 at the transfer rate of 75
sectors/second, while continuously incrementing the read pointer R of
the memory 22 at the transfer rate of 18.75 sectors/second continuously
to read the playback data from the memory 22 at the transfer rate of

18.75 sectors/second, as shown in Figure 7. When the write pointer ¥

the system controller 3 discontinues
writing. When the data volume of the playback data stored in the

memory 22 is lower than a predetermined volume L, the system controller

overtakes the read pointer R,
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dnsarnyprbduteﬂeitohothe recording track of the magneto-optical disc
are written in a burst-like manner in the memory 22, while the ADPCM
audio data are continuously read from the memory 14 as playback data at
the transfer rate of 18.7% sectors/second, by the above-described
memory control by the system controller 3, so that the playback data
may be continuously read from the memory 22 while data in excess of the
predetermined volume L are always maintained in the memory 22. On the
other hand, the playback data read out in a burst-like manner from the
memory 22 may be continuously reproduced from the recording track of
the magneto-optical disc by controlling the reproducing position on the
recording track of the magneto-optical disc by the system controller 3
on the basis of the cluster addresses and the sector addresses.
Besides, since the data in excess of the predetermined volume L are
maintained in the memory 22, data stored - in excess of the volume L nay
be read from the memory 22 to continue outputting analogue audio
signals, even when the system'controller 3 detects track jumps, etc. by

disturbances, etc. to discontinue the reproducing operation from the

magneto-optical disc. During this time, the resetting operation of

again performing the reproduction at the interrupted reproducing

position may be pérformed on the basis of the cluster addresses. In

addition, during the time when the last of the cluster audio data

reproduced from the magneto-optical disc by the first optical disc
driver 1 are read from the memory 22, the second optical disc driver 2
is captured into synchronization, so that, after the above-mentioned

last data are read out, the changeover switch 20 is changed over to

link the reproducing operations. In this manner, audio signals may be

continuously reproduced without signal drop-out from a plurality of
optical discs to perform continuous reproduction for a prolonged time.
Furthermore, by reading the last cluster address of a piece of music,
and multiplying the cluster address by 32/75 and a reciprocal of the
data compression factor, the play time may also be displayed.

It is to be noted that the present invention is not limited to



21 t he above-descri bed enbodi nents. For exanple.
recordi ng/ reproduci ng apparatus has been descri bed aboy
recordi ng/ reproduction of the B-1evel stereo node ADPC
recordi ng/ reproduction my also be perfornmed in a sim|l
node ADPCM audi o data in other CD-1 systens. [err] the

%:REMAZB %EtSHSEi w

arl]‘df"o data, o ‘Lt

data tonpre55|on
of.-seet-of

systemis not limted to the ADPCM s;&tem The nunber
the cluster also is not limted to 3

using for exanple 4 Mit buffer nenories as

=

but may for exanpl e be 64.

the above-described embodiments. For example, altiuough a disc
recording/reproducing apparatus has been described above in connection
with recording/reproduction of the B-level stereo mode ADPCM audio
data, recording/reproduction may also be performed in a ximilar manner
with other mode ADPCM audio data in other CD-I systems. +*lso0, the data
compression system is not limited to the ADPCM system. The number of
sectors making up the cluster also is not limited to 32 but may for
example be 64. Also, by using for example § Mbit buffexr memories as
the above-mentioned memories 14, 22, about 12 seconds of audio data may
be stored therein, so that, by exchanging optical discs by a disc
changer and capturing the recording system of the second optical disc
into synchronization during this 12 second interval, recording or
reproduction may be made continuously without signal HfArop-out by a
single optical disc driver over a plurality of optical &isc drivers.

th

er



t he above-nentioned nenories 14, 22, about 12 seconds of aﬁmlmmljﬂuﬂml
stored therein. so that, by exchanging optical discs by a s
capturing the recording systemof the second optical disc into

synchroni zation during this 12 second i nter ya—+ecore r—feproduction
nmay be made continuously without signal proﬁ-Bﬁt’l.lfiﬂﬂ\/‘&!\l%i-ﬁj~ gicé Lptical di sc
driver over a plurality of optical digc driernsT——" B A
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CLAIMS J "
A disc recdrding apparatus for recording input data on disc-
shaped recording media, the apparatus comprising:

1.

memory means (1il8) in which continuously inputted input data are
sequentially written and from which the input data are read out as
recording data at a transfer rate faster than the transfer rate at
which the input data are written therein;

recording means (1) for recording the recording data read from said
memory means (14) on a first disc-shaped recording medium rotationally
driven at a predetermined velocity;

recording controlling means (3) for effecting read-out control of said
memory means (14) so that, when the data volume of said input data
stored in said memory means (14) exceeds a first predetermined volume,
recording data of said first predetermined volume are read out
continuously from said memory means (14) so that é writing space in
excess of a second predetermined volume is maintained at all times in
said memory means (14), said recording controlling means (3) also
effecting recording position control so that the recording data of said
first predetermined volume read out in a burst-like manner from said
memory means (14) by the read-out control of said memory means (14) are
continuously recorded on the recording track on said first recording
medium; and .
linking controlling means (3) for capturing recording means (2) of a
second disc~shaped recording medium during the time interval when data
next to the last of data recorded on said first recording medium are
read from said memory means (1&), for recording data continuously on
said first recording medium and on said second recording mediunm.

2. Apparatus according to claim 1 wherein said first predetermined
volume is in excess of a minimum recording unit of said recording data.

3. Apparatus according to claim 2 wherein said recording controlling
means (3) discontinues reading of the recording data from said memory
means (14) when said recording means (1) is in an unrecordable state,
said recording controlling means (3) reading the data which the
recording means (1) has become unable to record from said memory means



CLAIMB 1. hpcﬁpéﬁpfr”&@gr aiHd dpparatus for recording inpuum m m
shaped recordi dia, the appdratus conprising: nenory ne m m)m "ﬁﬂ”“l
whi ch conti nuotjs Yy OispERt ®97i nput data are sequentially wri tten®and ffoh *
whi ch the input data are read t as recording data at a transfer rate
faster than thé tramsfer—rTatre at| which the input data are witten therein;
recording nmeang (1) for recording the3srecording data read fromsaid nenory
means (14) on a fTrst disc-shaped recording nmediumrotationally driven at a
predeterm ned velocity; recording controlling neans (3) for effecting

read- out €t afterofaidarecording peansahss (red9t 3o & (recorddhdn stasedageddvol une of

sai d i npufectdlith &&{:%dumﬁfyaﬂs ?Qfe}tfoi‘ﬂiﬂ@&hél:@aded%ﬁeﬂﬁ céntliht&tion
predetermged vol une, record

d.first predet |
read out SHAEFRRISNECsts PERGTY o %Py’ ﬁégﬁ\stlcql_z‘)szchgﬁgﬁ%e%rgg‘ ) g‘VO une are

8%g space
I N excessbedoma wabdetopreadeder m ned volune is maintained at all tines in

4, Apparatus according to claim 3 wherein said second predetermined

volume is in excess of an input data volume inputted to said memory

means (14) during the time of resetting from said unrecordable state to
said recordable state.

5. Apparatus according to any one of the preceding claims wherein
said input data are time base compressed data.

6. Apparatus according to any one of the preceding claims wherein

the information indicating that data are continuous to said second

recording medium is recorded in a predetermined area of said first
recording medium.

7. Apparatus according to any one of the preceding claims wherein
the information indicating that data are continuous from said first

recording medium is recorded in a predetermined area of said second
recording medium.

8. Apparatus according to any one of the preceding claims wherein
said linking controlling means (3) starts capturing said second
recording medium into synchronization responsive to the last address
pre-recorded on said first recording medium and the current recording

address.

9. Apparatus aécording to any one of the preceding claims wherein
said first and second recording media are exchanged using a disc
changer.

10.

A disc reproducing apparatus for reproducing recorded data
continuously recorded on disc-shaped recording media,
comprising:

the sapparatus

reproducing means (1) for sequentially reading the recorded data from



said nenory neens— (147" Zai cording controlling nmeans (3

recordi ng posi i.%ﬁ'éq%'t"r%\asg&ﬁ hiat the recording data of saiunmﬁumnﬁmmmll
predet ermi ned yofunme read out |nla burst-like manner from sai*d frenbry* n€ans
(14) by the reqdjoyisqEg n¥¥7 of baid menory neans (14) are continuously
recorded on the necording trac n said first recording nmedium and |inking
control ling negn pturtng récordi ng neans (2) of a second

di sc-shaped reqording nediumduring the time interval when data next to the
| ast of data recorded on said first recording nediumare read fromsaid
menory netn§ifst4)discoshaped ormgcondingt aedbm i reevasigradhy sdicdven rat pecor di ng
rer! umlan&eaa;&ahdgﬁelgm&tw?%{j ditéaoﬁaéctiruﬁarler Rate FAPEREN Gﬁdiﬁaafﬁ@'i:d! ng to
claim ereiLn sa ir pr rmned vol.upe is in excess of a mninmm
recor di n\é\@‘ifﬁft\erofa %i‘“a‘!‘f‘z'?t}r%ﬂgﬁgﬂﬁ’éfniéﬁ“ put QFQE, Appar atus according to

cl ai m 2 weemogi mesns d 1 dorwhiich pdeytack|datagreadriyansid S¢pmbidscingt nermss r eadi ng
of the re¢py dir@dsbitleRe{d13) 974 t1eCHD 'hid second transfer rate and from

which the sequentially written playback data are continuously read as
said playback output data at said first transfer rate;

playback controlling means (3) for effecting writing controlling of
said memory means {14) for writing said playback data of a second
predetermined volume when the volume of said playback data stored in

said memory means (1l4) becomes less than a first predetermined volume
so that a volume of the playback data in excess of said first
predetermined volume is always maintained in said memory means (1l4t),
said playback controlling means (3) also effecting playback position
controlling so that said playback data sequentially discontinuously
written in said memory means (ili) by said writing controlling of said
memory means (14) are continuously read from the recording track of
said disc-shaped recording medium; and '

linking controlling means (3) for capturing'a recording .system (2) of
a second disc-shaped recording medium during the time interval when the
last of data recorded on said first recording medium are reproduced, to

reproduce data continuously from said first recording medium and said
second disc-shaped recording medium.

11, Apparatus according to claim 10 wherein said secopd predeteranined

volume is in excess of a minimum recording unit of said recording data.
12. Apparatus according to claim 11 wherein said reproducing
controlling means (3) discontinues writing of the playback data from
said memory means (14) when said reproducing means (1) is in an
unreproducible state, said reproducing controlling means (3) reading
the data which the recording means (1) has become unable to reproduce
from said first recording medium after said reproducing means (1) is
reset to a reproducible state, said reproducing controlling means (3)
recording the read data in continuation of playback data preceding said
data which the recording means (1) has become unable to reproduce.



means (14) when sa| ?@;Ummm (1) s in an uncecol {IANRINANIINL

means (1) has becoperurabl e t-o-reqgorid fromsaid nenory neans

23 (14) after sald ordln ans has reset to a recordable state, said
recordi ng controll|n g? gcagrding the read data in continuation of
recordi ng data prefejlnq sald dat thmh the recording nmeans (1) has

13. Apparatus according to claim 12 wherein said first predetermined
volume is in excess of playback output data volume outputted from said

memory means (14) during the time of resetting from said unrecordable
state to said recordable state.

1. Apparatus according to any one of claims 10 to 13 wherein said

playback data read from said recording medium are time base compressed
data.

15. Apparatus according to any one of claims 10 to 14 wherein linking
controlling is performed responsive to the information recorded in a
predetermined region of said first recording medium for indicating that
data are continuous to said second recording medium.

16. Apparatus according to any one of claims 10 to 15 wherein said
linking controlling means (3) starts capturing said second recording
medium into synchronization responsive to the last address pre-recorded

on said first recording medium and the current reproducing address.

17. Apparatus according to any one of claims 10 to 16 wherein said

first and second recording media are exchanged using a disc changer.



beconme unable to record. 4. Apparatus according to claim3 wherein said

second predeterm ned volune is in excess of an input

to said nenory neans (14) during the tine of resettin E’HXE&MEW SHEH
unrecordable state to said recordable state. 5. par at us accor di]n
any one of the preceding clains wherein said input datal abB& FEBeI®Ase
conpr essed dat a. 6. Appar atus accohgding to any one pf the precediin
clainms wherein the information indicating that data are continuousS 10O
second recording nmediumis recorded in a predeterm ned-area_of said fi
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recordi ng nmedi um _ ~ ABSTRACT

DISC RECORDING APPARATUS AND DISC REPRODUCING APPARATUS

In an optical disc recording apparatus, audio data obtained by
digitizing analogue audio signals and time base compressing the
resulting digital audio signals are read from a buffer memory (1i4) on
a cluster-by-cluster basis so as to be recorded on a recording track of
a first optical disc. During the time interval when a cluster audio
data unit next to the last cluster audio data unit written on the first
optical disc by a first optical disc driver (1) is read from the memory

(14), a second optical disc driver (2) which can write on a second

optical disc is captured into synchronization for continuously

recording audio signals on the first and the second optical discs under -
control of a system controller (3).

Figure 1

st



7. Appar atus according to any one of the preceding clains wherein the

information indicating that data are continuous frogrsaid .i'°fﬁ_enfrd|ng
mediumis recorded in a predeternined area of said é@ﬂ@ﬁﬂMfﬁﬁdﬁﬂEhg medi um
8. Appar atus according to any one of the preceding clarns Wwherein said
l'inking controlling nmeans (3) starts capturing sajdjs ?g ﬁ@g §1ng medi um
into synchronization responsive to the t addreps| pre-r go jon sai d
first recording nmedi umand the current H ordi ng pddress- l Appar at us
according to any one of the preceding clains wherigin sai d flrst ind
second recordi ng nedi a are exchanged usi a disc _changer: 1. A

di sc reprodUC|ng<@pparatus for reprodugg ng recorded data
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continuously recorded on di sc-shaped recordi ng nedia,
reproduci ng neans (1) for sequentially reading the recorded

conpri si ng:
data from
di sc-shaped recordi ng nmedi um
velocity, at a second transfer

rotationally driv
rate faster than

requi red of playback output data;
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menory neahs (14) in which playback data read by said reproduci ng neans (1)
are sequentially witten at said second transfer Lch the
sequentially witten playback data are conti nuousIREPLAGEMENT SBERT pl ayback
output data at said first transfer rate; playback gontrobtting-rgans (3) for
effecting witing controlling of said nenory neans (‘g’é)Féng %i ing said

pl ayback data of a second predeterm ned vol unme whgn e L fisaid

pl ayback data stored in said nenory means &14) bedones..less tha first
predet ermi ned vol une so that a vol une of {Ke pl ayback data in excg¢ss of
??431 fi rfsg plredgt elr<m' nefl vlo: yme is al vva%)s rr}ai nt a;f t: I e y rrg?_ns
, said playback contirollijngtregans al so ef fecting playback position
controlling so that saidjpl ayba‘& at equential ly discontinuously witten
in said nmenory nmeans (14) by|sa wWri t] ng tontrolling of said nenory mneans -
(14) are continuously rgad from z&cord ng track of said disc-shaped
recording medium and |'I-!._l kig c 3, &l ng peans (3) for capturing a
recordi ng system (2) ofs sg( ONfg %shaped recordi ng medi um during the
tinme interval when the £astoof recordped on said first recordi ng medi um
are reproduced, to repr% udf |daj & kont§ nuoiisly fromsaid first recording
medi um and said R o ]
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second di sc-shaped recordi ng nmedi um

recording unit of said recording data.
claim 11 wherein said

r epr oduci ng neans (1)
controlling neans (3) reading

beconme unabl e t epr od
reproduci ng neangg (1) i
s

reset to a r
controlling nea (3) '

data precedi ng d_//:t~-

to reproduce.
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25 13. Apparatus according to claim 12 mhereinn€a+d~#FFs§§pFede%ernined

volume is in excess of playback output data vol ure REALAUENMENY HHBIM sai d

menory means (14) during the time of resetting fronfsaid unrecordall e state

to saird recordabl e state. 14. Apparatus accordi ngj t @ 2R¥n0 off dlainms 10
or gi"ngﬁﬁeg%

to 13 wherein said playback data read fromsaid rec miarle time
base conpressed data.
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15. Apparatus according to any one of clainms 10 to 14 wherein |inking
controlling is performed responsive to the information recorded in a
predeterm ned region of said first recording ne 9 that
data are continuous to said second recording nedlquAcemQNTﬁpﬁgwa
according to any one of clains 10 to 15 wherein sat iﬁﬂdﬂﬁ;ﬂﬂywtrolllng
means (3) starts capturing said second recording
synchroni zati on responsive to the | ast ad £ss pri dé,'g(?ré)@g&gn sajd first
ppafl at us

recordi ng nmedi um and the current reprodUC| addr
according to any one of clains 10 to 16 mhereln sai d flrst and sefond

recordi ng media are exchanged using a disc, chander
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