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5 disc also has the advantage of - contactless data recording and

an that for a tape recording medium. An optical

reproduction, so has good durability. A well known form of optical
disc is the so-called compact disc {CD). _

To provide a portable and, above all, a pocketable headphone

stereo or similar recording/reproducing apparatus using an optical

10 disc, a CD with a diameter of 12 cm and a CD with a diameter of 8 cm

(so-called CD single) have been proposed. However, with a disc

diameter of 12 cm, the recording/reproducing apparatus is too bulky to

be readily portable. Therefore, a disc 8 cm or less in diameter would

be preferred. However, in attempting to construct a portable or
15 pocket size recording and/or reproducing apparatus for an optical disc
8 cm or less in diameter, the following problems arise.
In the case of a standard CD format optical disc, on which
are recorded stereophonic digital PCM audio signals sampled with a
sampling frequency of 44.1 kHz and quantized with 16 bits, and where
20 these signals are exclusively reproduced by the user (CD-DA format),
the playback time (recording time} of a disc 8 cm in diameter is 20 to
22 minutes at most, meaning 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. In
25 addition, with this CD-DA format, recording by the user is not
feasible. In addition, a contactless type optical pick-up device is
vulnerable to mechanical vibrations and subject to detracking or
defocusing. Thus, when the apparatus is to be portable, some positive
measures need to be taken to prevent adverse effects of detracking or
30 defocusing on the reproducing operation.
With the CD-I (CD-interactive) format, the levels A to C as
shown in the following Table 1 are prescribed as modes for

recording/reproducing bit-compressed digital audio signals.
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A 37.8 kHz 8 17 kHz 2/4
B '37.8 kHz 4 17 kHz 4/8
C 18.9 kHz 4 8.5 kHz 8/16
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When reproducing a disc recorded with, for example, the level
B mode, signals obtained by 4-fold bit compression of standard CD-DA
format digital signals are reproduced. Thus, if all of the recorded

data are stereophonic audio compressed data, playback time increases
{ 15 l4-fold, or reproduction of l4-channel data, becomes feasible, so that
i reproduction for 70 minutes or longer becomes possible with an optical
disc of about 6 cm in diameter.
Meanwhile, with the CD-I format, the disc is rotationally
driven at the same linear velocity as that for the standard CD-DA
20 format, so that continuous audio compressed data are reproduced at a
rate of one unit to n 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 4 with the level B stereo mode. This unit is
termed a block or sector, which is made up of 98 frames and has a
25 period of 1/75 second. Therefore, with this level B stereo node, &
data string in which one of 4 sectors is an audio sector, such as:
SDDDSDDD...

where S is an audio sector and D 1s another sector or sectors, is
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recorded on a sector-by-sector basis on the disc. However, for actual
30 recording, since the above data string undergoes a 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 daéa sector D are arranged in a scrambled fashion in

the recording sectors on the disc. The other data sectors D 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 4-
channel audio sectors S1 to Sl are cyclically arranged; that is a data
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S1 S2 S3 si s1 s2 s3 sh...
is encoded and recorded on the disc. When recording and reproducing
continuous audio signals, the above-mentioned 4-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 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 next audio
sector S3 are reproduced from the innermost to the outermost areas of
the disc. Finally, channel 4 data corresponding to the audio sector
Sl are reproduced from the innermost to the outermost areas of the
disc to enable data reproduction for & continuous 4-fold time
duration.

However, for the above-mentioned continuous reproduction,
several track jump operations spanning the inner and outer disc
peripheries are necessitated. Since a track jump cannot be achieved
instantaneously, playback data are interrupted for a short time
period, meaning that the playback sound is momentarily interrupted.
On the other hand, when continuous audio signals are to be recorded,
it is not possible to record only the sector 2 signals, as an example,
because the data need to undergo interleaving at the time of
recording. That 1s, sector 2 data need to be interleaved with
adjoining and even near-by sectors, such as sectors S1 and S3, such
that it becomes necessary to rewrite signels of previously recorded
sectors., Thus it is extremely difficult to record continuous
compressed saudio data, while real-time processing is virtually
impossible.

According to the present invention there is provided an
optical disc recording apparatus for recording digital data on a disc-
shaped recording med{um by optical means, the apparatus comprising:
memory means for temporarily storing input digital data compressed
from a continuous signalj .
signal processing means for arranging digital data read out from said
memory means into a plurality of clusters at an interval of a

predetermined number of sectors, annexing to each of said clusters a
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5 recording means for recording digital data obtained from said signal

processing means on said medium;
abnormality detection means for detecting abnormalities in the
recording operation in said recording means;
resetting control means for inhibiting said recording operation and

10 for resetting said recording means from an abnormal state to a normal
state in dependence upon detection of an abnormality by said
abnormality detection means;

memory control means for performing a read-out control of said memory
means for reading & predetermined amount of said recording data on a
15 cluster-by-cluster basis when an amount of said input digital data
stored in said memory means exceeds a present first predetermined
amount of data to maintain a writable space larger than a second
predetermined amount of data in said memory means; and
recording control means for performing a recording position control
20 for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
on & recording track of said medium.
According to the present invention there is also prov1ded an
optical disc recording apparatus for recording digital data on a disc-
25 shaped recording medium by optical means, the apparatus comprising:
memory means in which input data digitized from continuous signals are
sequentially written and from which the input data thus written are
read out as record data having a transfer rate higher than the
transfer rate of said digital data;
30 signal processing means for arranging digital data read out from said
memory means into a plurality of clusters at san interval of a
predetermined number of sectors, annexing to each of said clusters a
cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing the digital data of said cluster
by the interleaving operation;
recording means for recording digital data obtained by said signal

onpressed  data playback time increases 15 4-f ol d,
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resetting control means for inhibiting said recording operation and
5 for resetting said recording means from an abnormal state to a normal

state in dependence upon detection of an abnormality by said

abnormality detection means;

memory control means for performing a read-out control of said memory

means for reading a predetermined amount of said recording data on a
10 cluster-by-cluster basis when an amount of data of said input digital

data stored in said memory means exceeds & preset first predetermined
; amount of data to maintain a writable space larger than a second

predetermined amount of data in said memory means; and

recording control means for performing a recording position control
15 for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
on a recording track of said medium.
According to the present invention there is also provided an
optical disc recording apparatus for recording digital data on a disc-
20 shaped recording medium by optical means, the apparatus comprising:
memory means for temporarily storing input digital data compressed
from a continuous signal;
signal processing means for arranging digital data read out from said
memory means into a plurality of clusters at an interval of a
25 predetermined number of sectors, annexing to each of said clusters a
cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing digital data of said cluster by
the interleaving operation;
30 recording means for recording digital data obtained by said signal
processing means on said medium;
abnormality detection means for detecting abnormalities in the
recording operation in said recording means;
resetting control means for lowering a laser power of said recording
means and for resetting said recording weans from an abnormal state to
a normal state upon detection of an abnormality by said abnormality

detection means:
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data in sald memory means;
recording control means for performing a recording position control
for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
10 on a recording track of said medium; and
'_ control means for performing control of again reading out from said
% memory means those record data which could not be read out due to an
§ abnormality of the recording operation, after resetting of said
: recording state to a normal state by a resetting control by said
15 resetting control means, said control means also performing a control
of recording said record data again read out in recording positions
contiguous to the record data preceding said record data which could
not be recorded.
With an embodiment of optical disc recording apparatus
20 according to the present invention, input data digitized from
continuous signals are written in memory means, the data thus written
in the memory means are sequentially read out as record data having a
transfer rate faster than the transfer rate of said input data so as
to be interleaved by record means for recording on a cluster-by-
25 cluster basis on said optical disc.

Cluster-linking sectors longer than an interleaving length
may be arrayed between the clusters, such that, by recording the
clusters and the cluster-linking sectors simultaneously, it becomes
possible to eliminate the effects of interleaving on adjoining

30 clusters. With the cluster and cluster-linking sector as a recording
unit, recording may be made independently cluster-by-cluster without
taking account of the effects of interleaving on other clusters, such
that recording data'discontinuously read out on the cluster-by-cluster
basis from the memory means by the memory control means may be
continuously recorded on a recording track of the optical disc by
controlling the recording positions by recording control means.

When the abnormality detection means detects an abnormality
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state to maintain continuity of the recording data.

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 optical disc
recording/reproducing apparatus embodying the present invention:

Figure 2 is a block diasgram showing an abnormality detection
circuit provided in the apparatus of Figure 1;

Figure 3 shows the format of a cluster;

Figure 4 is a flow chart showing & control operation of a
recording mode of a system controller in the apparatus of Figure 1;

Figure 5 shows an example of a data structure of one sector
or block:

Figure 6 shows the contents of a sub-header;

Figure 7 shows an example of a data structure in one sector
of a so-called CD-I;

Figure 8 shows a format of a frame and a block (sector) in
the CD standard;

Figure 9 shows & data format employed in the apparatus of
Figure 1;

Figure 10 shows the status of a memory-controlled memory in
a recording system of the apparatus of Figure 1; and '

Figure 11 shows the status of a memory-controlled memory in
a reproducing system of the apparatus of Figure 1.

Figure i is a block circuit diagram showing a schematic
construction of an optical disc recording/reproducing apparatus
according to an embodiment of the present invention.

In the disc recording/reproducing apparatus of Figure 1, a
magneto-optical disc 2 rotationally driven by a spindle motor 1 is
employed as a recording medium. While a laser light is irradiated by
an optical head 3 on the disc 2, a modulating magnetic field
corresponding to recording data is applied by a magnetic head 4 to the
disc 2 for recording data along a recording track of the disc 2. On
the other hand, the recording track of the disc 2 is traced with é
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The optical head 3 comprises a laser light source, such as a
laser diode, optical components, such as & collimator lens, an
objective lens, a polarization beam splitter or a cylindrical lens,
and a split photodetector, although these device are not shown, and is
arranged to face the magnetic head 4 with the disc 2 in-between. For
recording data on the disc 2, the optical head 3 irradiates a laser
light on a target track on the disc 2 for recording data by
thermomagnetic recording. The modulating magnetic field corresponding
to the recording data is applied to the target track by the magnetic
head 4, which is driven by a head driving circuit 16 of the recording
system which will be explained subsequently. The optical head 3
detects a laser light irradiated on and reflected by the target track
for detecting the focusing error by a so-called astigmatic method, as
well as detecting the tracking error by a so-called push-pull method.
When reproducing data from the disc 2, the optical head 3 detects the
difference of a polarization angle (Kerr rotation angle) of the
reflected laser light from the target track to. produce playback
signals.

The output of the optical head 3 is supplied to an RF circuit
5. The RF circuit 5 extracts the focusing error signal and the
tracking error signal from the output of the optical head 3 "and
transmits the extracted signals to a servo control circuit 6 while
converting the reproduced signals into corresponding binary signals
and supplying the binary signals to a decoder 21 of the reprcducing
system, which will be explained subsequently, and supplying these to
an abnormality detection circuit 30.

The servo control circuit 6 comprises a focusing servo
circuit, a tracking servo circuit, & spindle motor servo control
circuit and a thread servo control circuit, although these circuits
are not shown. The focusing servo control circuit executes focusing
control of an optical system of the optical head 3 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 3 so that the tracking error signal will be reduced to
zero, The spindle motor servo control circuit controls the motor 1

g nmedi-um by optical means, the apparatus conprising:
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5 system controller 7. The servo control circuit 6, which performs
these various control operations, transmits an information indicating
operating states of components controlled by the servo control circuit
6 to a system controller 7.

Referring to Figure 2, the abnormality detection circuit 30

10 includes a focusing monitoring circuit 31 for monitoring the focusing
state of the optical head 3 based on the focusing error signals
supplied from the RF circuit 5 for detecting the focusing state of the

optical head 3, a track jump detection circuit 32 for detecting an
occurrence of a track jump based on the tracking error signal, and a

15 discontinuity detection circuit 33 for detecting discontinuities in
the sub-code 2 data or header time, and supplies a detection output of
these circuits as an abnormality detection output signal to the system
controller 7.

To the system controller 7 are connected a key input

20 operating unit 8 and a display 9. The system controller 7 controls
the recording system and the reproducing system with the operating
mode designated by operating input information from the key unit 8.
The system controller 7 supervises, on the basis of a sector-by-sector
address information reproduced from the recording track of the disc 2

25 by the header time or sub-Q data, the recording position as well as
the reproducing position on the recording track traced by t;he optical
head 3 and the magnetic head 4. The system controller 7 causes a bit
compression mode to be displayed on the display 9 on the basis of bit
compression mode data in the reproduced data obtained from the RF

30 circuit 5 by means of a reproducing system as later described, or of
bit compression mode data in an adaptive differential PCM (ADPCM)
encoder 13 switchingly selected by the key unit 8. The system
controller 7 also causes the playback time to be displayed on the
displey 9 on the basis of a data compression ratic and the reproducing

35 position data on the recording track in the bit compression mode.

For displaying the playback time, the sector-by-sector

|

address information (absclute time information}, reproduced from the
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" 5 absolute time information has been recorded (preformatted) on a
recording track of a magneto-optical disc, the preformatted absolute
time information may be read during recording and multiplied by the N
reciprocal of the data compression ratio to cause display of the !

10 The apparatus also comprises an A/D converter 12 to which an

analogue audio signal A,, is supplied from an input terminal 10 by way

of a low-pass filter 11. ;
The A/D converter 12 quantizes the audio signal A;,. The |
digital audio data obtained at the A/D converter 12 is transmitted to
15 the ADPCM encoder 13. The ADPCM encoder 13 processes the standard
transfer rate digital audio data quantized from the audio signal A,
by the A/D converter 12 by a data compressing operation in conformity
with the various modes in the CD-I system shown in Table 1, and has
its operating mode designated by the system controller 7. For
20 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 4‘
before being supplied to & memory 14. The data transfer rate with the
B-level stereo mode is reduced to 1/4 of the standard data transfer
25 rate of 75 sectors/second, or 18.75 sectors/second.
In the embodiment 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

whi ceuprRssiopgededitain the cesetafeh/ hiconprasgionk tasfindcen dctvala having a |

current position in the form of the actual recording time. :L

ADPCM encoder 13, bit compression from 16 bits to 4 bits is performed
30 after conversion of 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
35 switchingly controlled as a function of the switchingly controlled
sampling frequencies of the A/D converter 12. That is, the sampling
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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 7, and
which transiently stores ADPCM audio data supplied from the ADPCM
encoder 13 for recording on the disc 1 as the occasion may demand.
That is, in the B-level stereo mode, the compressed audio data
supplied from the ADPCM encoder 13 has its transfer rate reduced to
1/4 of the standard 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
(ADPCM data) at a rate of every 4§ sectors, as explained above, it is
practically impossible to record the data at this rate in view of the
interleaving operation, and hence the sectors are recorded
continuously as later explained. Such recording is performed in a
burst fashion (discontinuously) at a standard data transfer rate of 75
sectors/second, by taking advantage of a quiescent period of the time-
compressed data, with a cluster, composed of a predetermined number
of, for example, 32 plus a few sectors, as a recording unit. That is,
in the memory 14, the B-level stereo mode ADPCM audio data which has
been continuously written at the lower transfer rate of 18.75 (= 75/4)
sectors/second conforming to the data compression ratio, is read out
as record data in a burst fashion at the above-mentioned transfer rate
of 75 sectors/second. The overall data transfer rate of the data read
out and recorded in this way, inclusive of the non-recording period,
is a lower rate of 18.75 sectors/second. However, an instantaneous
data transfer rate within the time of the burst-like recording
operation is equal to the above-mentioned standard rate of 75
sectors/second. Therefore, if the rotational velocity of the disc is
the same as that of the standard CD-DA format, that is, a constant
linear velocity, recording is made at the same recording density and
with the same recording pattern as those of the CD-DA format.

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

the memory 14 to the encoder 15, a data unit continuously recorded

data read out from said
ing to each of said clusters a cluster-Ilinking

said digital
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i 5 undergoes mterleaving. data of other clusters remain unaffected,
Details of the recording on the cluster-by-cluster basis will be
discussed later referring to Figure 3.

The encoder 15 processes the record data supplied in a burst

fashion from the memory 14 with an error correcting coding operation,

10 such as by parity addition or interleaving, or 8-to-14 modulsation
(EFM). The recording data, thus encoded by the encoder 15, is
supplied to the magnetic head driving circuit 16.

To the head driving circuit 16 is connected the magnetic head
4 and drives it to apply a modulating magnetic field conforming to the

15 record data to the disc 2.

On the other hand, the system controller 7 performs writing
and read-out control for the memory 14 and, based on the memory
control, performs a disc recording position control so that the above-
mentioned record data read out in a burst fashion from memory 14 will

20 be recorded continuously on the recording track of the disc 2. For
the recording position control, the record position on the disc 1 of
the record data read out in a burst fashion from the memory 11} is
supervised by the system controller 7, and controls signals
designating the record position on the recording track of the disc 2

25 are supplied to the servo control circuit 6.

If an abnormality, such as track jump or defocusing, should
have occurred during the recording operation, the system controller 7
performs a control operation of immediately lowering the laser power
of the optical head 3 based on the abnormality detection signal from

30 the abnormality detection circuit 30, to prevent mistaken recording,
and of resetting the recording system under this condition from the
abnormal state to the normal state.

The reproBucing system in the disc recording/reproducing
apparatus will now be explained.

35 The reproducing system reproduces the record data
continuously recorded by the above-described recording system on the
recording track of the disc 2, and is provided with the decoder 21, to
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obt ai nefheb\essded 2M0R8| associated with the encoder 15 in the
above-described recording system, and processes the playback output,
converted into the binary format signals by the RF circuit 5, with the
above-mentioned decoding for error correction and EFM decoding, and
reproduces the above-mentioned B level stereo mode ADPCM audio data at
a transfer rate of 7% sectors/second, which is faster than the normal
transfer rate in the above-mentioned B level stereo wmode. The
reproduced data, produced by the decoder 21, are supplied to a memory
22,

The memory 22 has its data writing and read-out controlled by
the system controller 7 so that the playback data supplied from
decoder 21 at a transfer rate of 75 sectors/second are sequentially
written in a burst fashion at the transfer rate of 75 sectors/second.
Also the playback data intermittently written at the transfer rate of
75 sectors/second in the memory 22 are continuously read out therefrom
at the regular B-level stereo mode of 18.75 sectors/second.

The system controller 7 also performs a memory control of
writing the reproduced data in the memory 22 at the transfer rate of
75 sectors/second, continuously reading out the playback data from the
memory 22 at the transfer rate of 18.75 sectors/second.

The system controller 7 performs, besides the above~-mentioned
memory control operation for the memory 22, a reproducing position
control from the recording track of the disc 2, in such a manner that
the playback data written in & burst fashion by the above-mentioned
memory control in the memory 22 is reproduced continuously from the
recording track of the disc 2. The reproducing position control is
performed by supervising a reproducing position on the disc of the
above-mentioned playback data written in a burst fashion in the memory
22 by the system controller 7, and by supplying a control signal
designating the reproducing position on the recording track of the
disc 2 to the servo control circuit 6.

The B-level stereo mode ADPCM audio data, obtained as
playback data read out continuously from the memory 22 at a transfer
rate of 18.75 sectors/second, are supplied to the ADPCM decoder 23.
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2 thePREedriaiRd 85a e, ChstP hil 148dbelfeion mode designated by the
system controller 7. With the present disc recording/reproducing
apparatus, the B-level stereo mode ADPCM audio data are expanded by a
factor of 4 for reproducing the digital audio data. The reproduced
digital audio data are transmitted by the ADPCM decoder 23 to a D/A
converter 24. _

The D/A converter 24 causes the digital audioc data supplied
from the ADPCM decoder 23 to be converted into an analogue audio
signal Ay, which is outputted via a low-pass filter 25 at an output
terminal 26.

The reproducing system of the disc recording/reproducing
apparatus is provided with a digital outputting function so that the
digital audio data at the output of the ADPCM decoder 23 is outputted
at a data output terminal 28 via a digital output encoder 27 as a
digital output signal Dg,.

The recording/reproducing operation by the above-described
apparatus will now be explained in more detail.

The record data, that is data read out from the memory 14, is
arranged into a cluster at an interval of a predetermined number of,
for example 32, sectors or blocks, and several cluster-linking sectors
are arrayed between adjoining clusters. In more detail, each cluster
C, consists of 32 sectors or blocks BO to B31, and 5 linking sectoré
Ll to L5 are arranged between these clusters C, for linking the
adjoining clusters. For recording a cluster, such as a k'th cluster
C..» the 32 sectors BO to B31 of the cluster C, and the linking clusters
ahead of and following the cluster C,, namely the 3 sectors L3 to LS
towards the cluster C,_, (run-in blocks) and the 3 blocks L1 to L3
towards the cluster C,,,, making a total of 38 sectors, are recorded
as one unit. The 38-sector record data are transmitted from the
memory 14 to the encoder 15 where interleaving is carried out for data
rearrangement over a distance of up to 108 frames corresponding to ca.
1.1 sector. However, the data within the cluster C, are safely
contained within a range of from the run-in blocks L3 to L5 to the
run-out blocks L1 to L3 without affecting the remaining clusters C,_,

or C,;. Meanwhile, dummy data, such as 0, are arrayed in the linking

e e—r———————— - =~
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5 that the sector L3 is recorded superfluously without causing any
inconvenience. The sector L3 of the run-in block or the sector L3 of
the run-out block may be omitted, so that recording may be performed
with the remaining 37 sectors as a unit.

By recording on the cluster-by-cluster basisg, there is no

i 10 necessity of taking account of interference with the adjoining
clusters by interleaving, so that data processing may be significantly
simplified. On the other hand, if the record data cannot be recorded
normally due to malfunctions, such as defocusing, detracking etc, re-
recording ﬁay be done on the cluster-by-cluster basis and, if the

15 record data cannot be reproduced effectively, re-reading may be done
on the cluster-by-cluster basis.

With the present embodiment, the system controller 7
performs, during the recording mode, a record control operation shown
for example in the flow chart of Figure 4.

20 During the recording mode, the system controller 7 waits at
step S; until one-cluster recording data are available. When the one-
cluster recording data are in order, the system controller 7 proceeds
to step S, to access the optical head 3 and the magnetic head 4 to

record one-cluster recording data on the disc 2. At the next step S;,
25 the system controller 7 monitors the end of recording of the one-
cluster recording data. When the recording of the one-cluster
recording data comes to an end, the system controller 7 proceeds to
step S, to set the laser power of the optical head 3 to a reproducing
level. At the next step S;, it is checked if recording of all of the
30 record data has come to an end and, if there is any record data, the
system controller 7 reverts to step S, to continue the recording
operation. If the recording has come to an end, the control operation
of the record mode is terminated. During monitoring of the end of
recording of the one-cluster record data during step Sy, it is checked
35 at step S; if an abnormality has been detected by the abnormality

detection circuit 30. Unless an abnormality is detected, the system
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reset from the abnormal state and, after again setting at step S; the

record data at the leading end of the cluster where the abnormality
has been detected, the system controller 7 reverts to step S, to re-
start the recording operation. '

In this manner, the recording operation is performed on a
cluster-by-cluster basis and, if an abnormality is detected by the
abnormality detection circuit 30, recording is re-started at the
leading end of the cluster to maintain continuity of record data.

Each sector or block consists of 12 synchronizing bits, 4
header bytes and 2336 byte§ of data per se DOOO1 to D2336, arrayed in
this order, making a total of 2352 bytes. This sector or block array
is represented as a two-dimensional array, as shown in Figure 5,
wherein the 12 synchronization bits consist of the first byte 00H, 10
bytes FFH and the last byte OOH in the hexadecimal system (H is a
hexadecimal number). The next 4-byte header consists of address parts
for minute, second and bloc, each one byte, and a mode data byte.
These mode data mainly indicate a CD-ROM mode, while a sector
structure shown in Figures 3 or 5 correspond to the mode 2 of the CD-
ROM format. The CD-I is a standard employing the mode 2 and the
contents of the data DOOO1 to DOOO1 are prescribed as shown in Figure
6.

Figure 5 shows forms 1 and 2 of the CD-I standard, in which
12 synchronizing bits and 4 header bytes are the same as those of the
CD-ROM mode 2 shown in Figures 3 and 5. The next 8 sub-header bytes
are prescribed as shown in Figure 4 wherein data DO0O1 and D00OS are
file numbers, data DO00O2 and DOOO6 are channel numbers, data DO003 and
DOOO7 are sub-code data and data DOOO4 and DOOO8 are data type data.
The data DOOO1 to DOOO4 and data DOOOS to DOOO8 are the same data
written in duplicafe. The next 2328 bytes consist of 2048 user data
bytes, 4 error-detecting bytes, 172 P parity byte and 104 Q parity
bytes, for form 1 of Figure 7A. This form 1 is used for recording
letter data, binary data and high compression video data. The 2328

out as record data having a transfer rate faster than the
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bytes. This form 2 1is used for recording compressed audio data or
video data. In the case of compressed audio data, 18 128-byte sound
groups {2304 bytes) are arrayed in the 2324 user data bytes, with the
remaining 20 bytes representing a vacant space.

When recording the above-described sector-based data on a
disc, a coding operation such as parity addition or interleaving or
EFM encoding is carried out by the encoder 15, so that recording is
performed with a recording format shown in Figure 8.

Referring to Figure 8, each block or sector consists of 98
frames of 1st to 98th frames, with each frame being 588 times a
channel clock pebiod T (588T). Within each frame, there are a frame
synchronizing pattern part of 24T (plus 3T for linking), a sub-code
part of 14T {plus 3T for linking) and data part of S44T (for audio
data and parity data). The F4l4 T data part consists of 12 bytes or
symbols of audio data, 4 bytes of parity data, 12 bytes of audio data
and 4 bytes of parity data, which have been processed by EFM. Audio
data in each frame are constituted by 24 bytes or 12 words because
each word of the audio sample data consists of 16 bites. The sub-code
part is the 8-bit sub-code data which has undergone EFM and is arrayed
in a block with 98 frames as a unit, each bit constituting one of 8
sub-code channels P to W. The sub~code parts of the first and second
frames are block synch patterns S, and S; which violate the EFM rule,
each of the sub-code channels P to W being constituted by 96 bits for
the 3rd to 98th frames.

The above audio data, recorded after interleaving, are
deinterleaved during reproduction into audio data of a data array
conforming to the regular time sequence. The CD-I data, such as are
shown in Figures 3 and 5, may be recorded in place of the audio data.

Digital data obtained at the A/D converter 12 in the
apparatus of Figure 1, are similar to those of the CD-DA format, that
is audio PCM data with a sampling frequency of 44.1 kHz, the number of
quantization bits equal to 16 and a data transfer rate of 75
sectors/second, as shown in Figure 9. When the data are transmitted
to the ADPCM encoder 13 so as to be bit-compressed to the above-
mentioned stereo mode, the digital data are converted into data with
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data having the data transfer rate reduced to 1/4, or to 18.75
sectors/second. The B 1level stereo mode ADPCM audic data,
5 continuously outputted at a traﬂsfer rate of 18.75 sectors/second from
the ADPCM encoder 13, are supplied to the memory 1.
i Referring to Figure 10, the system controller 7 controls the

r ef renge eahnyl ng draw ngs, throughout which |ike parts are
referre Bﬁ‘ ’ﬁ erences, and in which: Figure 1 is a block diagram

memory 14 in such a manner that a write pointer W of the memory 14 is
continuously incremented at a transfer rate of 18.75 sectors/second

10 continuously to write the ADPCM audio data in the memory 14 at a
transfer rate of 18.75 sectors/second and, when the amount of data of
the ADPCM audio data stored in the memory 14 exceeds a predetermined
amount K, a read pointer R of the memory 14 is incremented in a burst
fashion at the transfer rate of 75 sectors/second to read out a

15 predetermined amount of K of the ADPCM data in a burst fashion from
the memory 14 as record data at the above mentioned transfer rate of
75 sectors/second. It is noted that the above predetermined amount K
has one-cluster data as a unit.

That is, in the recording system of the apparatus of Figure

20 1, the ADPCM audio data continuously outputted at the transfer rate
of, for example 18.75 sectors per second, from the ADPCM encoder 13

are written in the memory 14 at the above-mentioned transfer rate of
18.75 sectors/second. When the amount of data of the ADPCM data
stored in the memory 14 exceeds the predetermined amount of data K,

25 the amount of data K of the ADPCM audio data is read out in a burst
"fashion from memory 14 at the transfer rate of 75 sectors/second as

record data, so that input data can be continuously written in the
memory 14 while a data write region K' in excess of a predetermined
amount is perpetually maintained within the memory 14. By recording
30 the recording positions on the recording track of the disc 2 under
control by the system controller 7, the record data read out in a
burst fashion from the memory 14 can be recorded consecutively on the
recording track on the disc 2. Since a dét:a-depleted region in excess
of a predetermined amount is maintained in the memory 14, data can be
35 continuously written in the data-depleted region in excess of the
predetermined amount even if the system controller 7 detects that a
track jump etc has occurred due to disturbances or the like to
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disc 2.

Meanwhile, header time data corresponding to the physical
address of the sectors are annexed to the ADPCM sudio data on the
sector-by~sector basis, and recorded on the sector-by-sector basis on
the disc 2. Table of contents data indicating the record region and

 the recording mode are recorded in a table-of-contents region.

In the reproducing system of the apparatus of Figure 1, the
system controller 7 controls the memory 22 in such a manner that, as
shown in Figure 11, -the write pointer W of the memory 22 is
incremented at a transfer rate of 75 sectors/second to write the
reproduced . data in tl;e memory 22 at the transfer rate of 75
sectors/second, the read pointer R of the memory 22 is continuously
incremented at a transfer rate of 18.75 sectors/second continuously to
read out the playback data from the memory 22 at the transfer rate of
18.75 sectors/second, and the write pointer W of the memory 22 is
intermittently incremented at the transfer rate of 75 sectors/second
in a burst fashion, so that, when the write pointer W catches up with
the read pointer R, writing is discontinued. When the ainount of data
of the playback data stored in the memory 22 is iower than the
predetermined amount L, writing is started again.

Thus, with the above-described reproducing system of the
apparatus, the system controller 7 controls the memory 22 in such a
manner that the B-level stereo mode ADPCM audio data reproduced from
the recording track of the disc 2 is written in a burst fashion in the
memory 22 at a transfer rate of 75 sectors/second, and read out
continuously from the memory 22 as playback data at the transfer rate
of 18.75 sectors/second, so that the playback data may be continuously
read out from the memory 22 while the data-depleted region in excess
of the predetermined amount L is perpetually maintained within memory
22. Also the playback data intermittently read out from the disc 2
may be continuously reproduced from the r_ecording track on the disc 2
by controlling the reproducing position on the recording track of the
disc 2 by the system controller 7. In addition, the data read-out
region in excess of the predetermined amount L is perpetually
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Jump etc due to, for example, disturbances, and the operation of
reproducing the disc 2 is discontinued, the playback data may be read
out from the data read-out region having a space in excess of the
predetermined amount of data to continue the outputting of the
analogue audio signals. Since the resetting operation may be executed
in the interim, there is no risk of interruption in the reproduced
sound.

With the above optical disc recording/reproducing apparatus,
a description has been given of the recording and reproduction of B~
level stereo mode ADPCM audio data. Recording and reproduction may
similarly be made of ADPCM audio data of other modes of the other CD-I
systems. As long as PCM audio data of the CD-DA mode is stored, a
time compression may be made in the memory 14 in the recording system
while the record data may be recorded during the time when the disc 2
is rotationally driven at a velocity conforming to the compression
ratio of time compression. In the reproducing system, time expansion
may be performed in the memory 22.

With the above-described optical disc recording apparatus,
input data digitized from continuous signals are written in memory
means and the input area thus written in the memory means are
sequentially read out as record data having a transfer rate fasfer
than the transfer rate of the input data so as to be processed by
interleaving by recording means. A cluster-linking sector longer than
the interleaving length is arrayed between the clusters, and data are
recorded simultaneously with the cluster-linking sectors on a cluster-
by-cluster basis to eliminate the effects of interleaving on adjoining
clusters. With the cluster and the cluster-linking sector as one
recording unit, data may be recorded independently on the cluster-by-
cluster basis without the necessity of taking account of the effects
of interleaving on other clusters, so that the record data read out
discretely on the cluster-by-cluster basis from the memory means by
memory control means may be continuously recorded on the recording
track of the optical disc by controlling the recording positions by
the recording control means. If an abnormality of the recording

operation is detected by abnormality detection means, resetting

ng a recording track of the disc 2. On the other

for photomagnetical ly goeproduci ng the recorded data. The
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% 5 apparatus comprising:

memory means (14) for temporarily storing input digital data

compressed from a continuous signal;

signal processing means (15) for arranging digital data read out from
said memory means (14) into a plurality of clusters at an interval of Al

10 a predetermined number of sectors, annexing to each of said clusters

a cluster-linking sector so that a linking portion to each cluster is

longer than an interleaving length of an interleaving operation for

said digital data, and for processing the digital data of said cluster

by the interleaving operation;

15 recording means (3, 4) for recording digital data obtained from said
signal processing means {15) on said medium (2);
abnormality detection means (30) for detecting abnormalities in the
recording operation in said recording means (3, 4):
resetting control means (7) for inhibiting said recording operation
20 and for resetting said recording means (3, 4} from an abnormal state
to a normal state in dependence upon detection of an abnormality by
said abnormality detection means {30);
memory control means (7) for performing a read-out control of said _
memory means {14) for reading a predetermined amount of said recording :

\

\

|

\

25 data on a cluster-by-cluster basis when an amount of said input . |
digital data stored in said memory means (14} exceeds a present first 1

|

predetermined amount of data to maintain a writable space larger than

a second predetermined amount of data in said memory means (14); and

recording control means (7) for performing a recording position

30 control for continuously recording the digital data intermittently
read out cluster by cluster from said memory means (14) by said memory
control means (7) on a recording track of said medium (2).

2. Apparatus acéording to claim 1 wherein said memory control

35 wmeans (7) performs a control operation for again reading out from

said memory means (14) those record data which could not be recorded,

after resetting of said recording means (3, 4) by a resetting control
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so that the tracking er

;
ror signal will bEi HesBeeroRk
| ndI e 'Iﬁl |I ﬂwrol circuit controls the not fh “mﬁu”,” ,
tonal | c 2 at a predeterm ned rotat
v s at a constant |inear vel ocity. The thread servo control cir
' .7 the optical head 3 and the magngfic head 4 to be noved to a target
i position on the disc 2 deS|gnate by the 5 systemcontroller 7.
W control circuit 6, which perforns these various control operations,
M ts doom FaQd NRise6tingNdbittbl NMkafPeALi Ng states of conponents
gol l ed by the servo control circuit 6 to a systemcontroller 7.

3. Apparatus according to claim 1 wherein said second
predetermined amount of data is8 in excess of an amount of input data
inputted to said memory means (14) during the time of resetting from
the non-recording state to the recording state.

4, Apparatus according to claim 3 wherein said first
predetermined amount of digital data corresponds to one cluster.

5. Apparatus according to claim 1 wherein said cluster-linking

sector is formed by dummy data not affecting the digital data in said
cluster.

6. Apparatus according to claim 1 wherein said one sector
corresponds to one block (98 EFM frames) of a compact disc.

7. Apparatus according to claim 1 wherein said abnormality
detection means (30) detects detracking and/or defocusing to check for
an abnormality in the recording operation.

8. An optical disc recording apparatus for recording digital

data on a disc-shaped recording medium (2) by optical means, the
apparatus comprising:

memory means {14} in which input data digitized from continuocus
signals are sequentially written and from which the input data thus
written are read out as record data having a transfer rate higher than
the transfer rate of said digital data;

signal processing means (15) for arranging digital data read out from
said memory means (14) into a plurality of clusters at an interval of
a predetermined number of sectors, annexing to each of said clusters
a cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing the digital data of said cluster
by the interleaving operation;

recording means (3, 4) for recording digital data obtained by said
signal processing means (15) on said medium (2);

cplard.

cult

7. The
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5 to a normal state in dependence upon detection of an abnormality by
said abnormality detection means {30);
memory control means (7) for performing a read-out control of said
memory means (1}4) for reading a predetermined amount of said recording
data on a cluster-by-cluster basis when an amount of data of said
10 input digital data stored in said memory means (14) exceeds a preset
first predetermined amount of data to maintain a writable space larger
than a second predetermined amount of data in said memory means (14);
and
recording control means {7) for performing a recording position
15 control for continuously recording the digital data intermittently
read out cluster by cluster from said memory means (14) by said memory
control means (7) on a recording track of said medium (2).

9, Apparatus according to claim 8 wherein said memory control

20 means (7) performs a control operation for again reading out from said
memory means {14} those record data which could not be recorded, after
resetting of said recording means (3, 4) by a resetting control by
said resetting control means (7), and wherein said memory control
means (7) performs a control operation for recording the record data

25 thus again read out at recording positions contiguous to the
previously recorded said record data.

10. Apparatus according to claim 8 wherein said second
predetermined amount of data is in excess of an amount of input data

30 1inputted to said memory means (14) during the time of resetting from
the non-recording state to the recording state.

11, Apparatus ' according to claim 10 wherein said first

predetermined amount of digital data corresponds to one cluster.

12. Apparatus according to claim 8 wherein said cluster-linking
sector is formed by dummy data not affecting the digital data in said
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rvises, on the basis of a sector- byma®atePlias
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L Ol'y “data, the recording position as well Iﬁu

osition on the recording track traced by the optica

Been Re

ll

tic head 4. The systen1contr#*Ier 7 causes a bit conpression

spl ayed on the display 9 on

e basis of bit conpression node

eproduced data obtained fromthe RF 30 circuit 5 by nmeans of

any abnormality in the recording operation.

14, Apparatus according to claim 8 wherein the recording
operation is inhibited on detection of the abnormality in the
recording operation by lowering the laser power of said recording

means (3, 4).

15. An optical disc recording apparatus for recording digital
data on a disc-shaped recording medium (2) by optical means, the
apparatus comprising:

memory means (14) for temporarily storing input digital data
compressed from a continuoué signal;

signal processing means {15) for arranging digital data read out from
said memory means (14) into a plurality of clusters at an interval of
a predetermined number of sectors, annexing to each of said clusters
a cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing digital data of said cluster by
the interleaving operation; '
recording means (3, 4) for recording digital data obtained by said
signal processing means (15) on said medium (2);

abnormality detection means (30) for detecting ebnormalities in the
recording operation in said recording means (3, U4);

resetting control means (7) for lowering & laser power of said
recording means (3, 4) and for resetting said recording means (3, 4)
from an abnormal state to a normal state upon detection of an
abnormality by said abnormality detectiqn means (30);

memory control means (7) for performing a read-out control of said
memory means {14) for reading one-cluster data on a cluster-by-cluster
basis when an amount of data of said input digital data stored in said
memory means {14) exceeds the amount of said one-cluster-by-cluster
data to maintain a writable space larger than a second predetermined

amount of data in said memory means {(14);
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yca ¥eot prsocal of the data conpression ratio int

. CHID |on node (4 in the case of 1/4 conpression) to find an

[ {4 i on for display on the display 9. 5t is noted that, if absolute

1H ormati on has been recorded (preformatted) on a recording track of a
n optical disc, the preformatted absolute tinme information may be
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% read out cluster by cluster from said memory means (14) by said memory

X control means (7) on a recording track of said medium {2); and

5 control means {7) for performing control of again reading out from

said memory means (14) those record data which could not be read out

R i ute tinme information), reproduced fThisShedetias Been RBplaced
= rguﬂm Hlic 2 vi th the nead time or sub- Qdatjﬁllmlul l”“
I me

due to an sbnormality of the recording operation, after resetting of

: said recording state (3, #) to a normal state by a resetting control
by said resetting control means (7), said control means (7) also

10 performing a control of recording said record data again read out in
recording positions contiguous to the record data preceding said.
record data which could not be recorded.

16. Apparatus according to claim 15 wherein said cluster-linking
15 sector is formed by dummy data not affecting the digital data of said

cluster.




T The apparatus al so conprises an A/D converter 12 tJh ““Rehc
udi o signal [err] is supplied froman input termnal “i! I“

' filter 11. The A/D converter 12 quantizes the audio s

digital audio data obtained at the A/D converter 12 is

#d to 15 the ADPCM encoder 13. The CM encoder 13 processes the

st andar d @ ransfer rate digital audio data quantized fromthe audi o signal
[err] by. he A/ D converter 12 by a data conpressing operation in conformty
with thei®arious nodes in the CDI systen1§£§ﬁ§$ﬂn Table 1, and has its
oper ati ngjnode designated by the systemcontroller 7. For 20 exanple, in

the B-1ev@gl node of Table 1, the digital audio data are processed into
conpresse§ data (ADPCM audi o dagpgich KECORDI ARATgRIency of 37.8
kHz, withfthe nunber of bits per sanple equal to 4 before bei ng supplied to
a nmenory 14. The data transfer rate with the

5 A recording apparatus for recording digital data on an

optical disc (2) comprises a memory means (14) for storing input
digital data compressed from a continuous signal, a signal encoder
(15) for arranging data read out from the memory (14) into a plurality
of clusters at an interval of a predetermined number of sectors,
10 annexing to each cluster a cluster-linking sector and interleaving the
data of the cluster, a recording device (3, 4) for recording the
encoded digital data on the disc (2), an abnormality detection circuit
{30) for detecting abnormalities in the recording operation, and a
controller (7) for inhibiting recording upon detection of an
15 abnormality for performing a read-out control of the memory (i4) for
reading & predetermined amount of data on a cluster-by-cluster basis
to maintain a writable space larger than a predetermined amount, and
for performing a recording position control for continuously recording
the digital data intermittently read out cluster by cluster from the

20 memory means (14).

Figure 1
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., in the ADPCM encoder

§r essi on node, for exanple,
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requency of the standard CD-DA format, or 44.1 kHz,
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yerter 12 and the cut-off frequency of the |ow pass

BCYhiPSheltBs ﬂepkgpqlﬂ . :

.1l liggpneously controll ed i n dependence upon the

o Si iﬂ'ﬂ&ﬂmﬂmﬁl nory 14 is used’8s a buffer menory in which data 5
8 a . controlled by the systemcontroller 7, and which
|y stores ADPCM audi o data supplied fromthe ADPCM encoder 13 for

‘ on the disc 1 as the occasion may demand. That is, in the B-Ievel
F%;wde, t he conpressed audi o data supplied fromthe ADPCK encoder 13
has itjtransfer rate reduced to 10 1/4 of the standard data transfer rate
of 75 @Ectors/second, or to 18.75 sectors/second, these conpressed data
bei ng @ntinuously witten in the nenmory 14. Although it suffices to record
t he coigressed data
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)SmtfksBan&eMcecbvery 4 sectors, as explained above, it is

uluﬁ& record the daye at this rate in view of the 15
\" s ater exp

and hence the sectors are recorded

| ai ned. Such recording is performed in a burst
f(dlscontlnuously) at a standard data transfer rate of 75
fsecond, by taking advantage of a quiescent period of the tine-

sect or
conprefFed data, with a cluster, conposed of a predeterm ned nunber 20 of,
for exé@gple, 32 plus a few sectors, as a recording unit. That is, in the
menory @4, the B-level sterggode ADPCM audi o data whi ch has been
contingpusly witten at the ®per transfer rate of 18.75 (= 75/4)
sect or §f second conforming tpo pe data confprg¢ssionjratio, is read out as
recorddata in a burst fash|&h|at the abpveqn mtl | rate 25 of
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is a lower rate of 18. 75 sectors/second. However, an instantaneous data

t r ansTlgs Sheeiias cdhe time of the burst-like recordlng operation is
equal t nﬁ ntioned standard rate of 75 30 sectors/second.
Theref ational vel ocit4fef the disc is the same as that of

t he stan ard CD-DA format, that is, a constant linear velocity, recording
Is nmade at the sane recordlng density and with the sane recordi ng pattern
as those of the CD-DA fornmat. The ADPCM audi o data read out from nenory 14
in a burst 35 fashion at the transfer rate of 75 sectors/second, that is,
the record data, is supplied to an encoder 15. Wth a data string supplied

fromthe nenory 14 to th . a data unit continuously recorded
START

Te-feecnglf-
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NO CLUSTER
WRITE DATA READY

_|YES
ACCESS 4 S2
WRITE
S3
CLUSTER |
SET LASER POWER
TO REPRODUCING
ABNORMALITY LEVEL

DETECTED ?

RECORD
DATA END

T AR
LEVEL ~—S7

RESET FROM |~ S8
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RESET
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h recordln I s conposed of a plurality of, for exanple 32
er-1inking sectors arrayed before and after the
] nki ng sector had%a | engt h | onger than the
t he encoder 13, so that, even when the sector 5

data of other clusters remain unaffected. Details

: ea
hoes |nterleaV|ng,

of recording on the cluster-by-cluster basis will be discussed | ater
Sefe@@ing to Figure 3. The encoder 15 processes the record data supplied in
a bugst fashion fromthe nenory 14 with an error correcting coding
oper@ion, 10 such as by parity addition or interleaving, or 8-to-14

nndu%-tlon (EFM . The re¢eefrgi ng data, thus encoded by the encoder 15, is
suppl ed to the nagnetj |V|ng circuit 16. To the head driving

circuit 16 is connect

1
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: Be 2¢5n of i mredi at el y lowering the | aser power of the
he he abnormality detection signal from 30 t he
' Iit cuit 30, to preéf®ent nistaken recording, and of -

aEng t he recor d| ng systemunder this condition fromthe abnornal state?
denormal state. The reproducing systemin the disc :
recor dng/ reproduci ng apparatus will now be expl ai ned. 35 The

lgci ng system reproduces the record data continuously recorded
by th above descri bed recording systemon the recording track of the disc

2, andiis provided with the decoder 21, to 13
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recording track on the disc 3 wit | i ght
format signals by the RF circuit 5. The decoder

encoder 15 in thHe/% above-described recording

system@and processes the playback output, converted into the binary format
by the RF circuit 5, wth the above-nenti oned decoding for error

si gnal si
%on and EFM decodi ng, and reproduces the above-nentioned B | evel

€orrecty
fode ADPCK audio data at a transfer rate of 75 sectors/second, which

stereo #
is faster than the normal 10 transfer rate in the above-nmenti oned B | evel
duced ta, produced by the decoder 21, are supplied

stereo node. The rep
to a menory 22. The ry 2§E]as its data witing and read-out controlled
by the systemcontrol}er 7 s hat the ata supplied from
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15 decoder 2hisBheebHds BB Heplhcei at € Of 75 sectors/second are sequentially
wifteninab t the transfer rate of 75 sectors/second. Al so
t he pl ayback dH’BIllm Ml’gntly wittengat the transfer rate of 75

. sectors/second 22 are continuously read out therefromat the
regul ar B-level stereo node of 18.75 sectors/second. 20 The
systemcontroller 7 also perforns a nenory control of witing the

«~reproduced data in the nmenory 22 at the transfer rate of 75 sectors/second,
continuously reading out the playback data fromthe nenory 22 at the
transfer rate of 18.75 sectors/second. The systemcontroller 7 perforns,

besi des the above-nen ¥ 25 menory contr ol
¢ ontrol fromthe recg

ack of the disc 2,
st fashion by the
above- nenti oned ne i
fromthe
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°JEREBOARA,
circuit 6. 35 The B-1 evel stereo node ADPCM audi o dat a,

%%gc{a DiNGUAPPARATOSt he nenory 22 at a
rate of 18.7 ors secon are supplied to the ADPCM decoder
14 Thi s ADPCM de&'btharinﬁéhhisnasﬂece’atecbnﬁt&l tihsc ABBGIMingcastaratis,

i

he disc 2. The reproducing position control is 30

I sing a reproducing position on the disc of the

yback data witten in a burst fashion in the nmenory 22
rjol ler 7, and by supplying a control signal designating
ogition on the recording track of the disc 2 to the servo

. An optical disc may have a recording capacity larger by two
t;r three orders than that of a magnetic disc, while enabling accessing
at a higher speed than that for a tape recording medium. An optical
disc also has the advantage of ' contactless data recording and
reproduction, so has good durability. A well known form of optical
disc is the so-called compact disc (CD). _

To provide a portable and, above all, a pocketable headphone
stereo or similar recording/reproducing apparatus using an optical
disc, a CD with a diameter of 12 cm and a CD with a diameter of 8§ cm
{so-called CD single} have been proposed. However, with a disc
diameter of 12 cm, the recording/reproducing apparatus is too bulky to
be readily portable. Therefore, a disc 8 cm or less in diameter would
be preferred. However, in attempting to construct a portable or
pocket size recording and/or reproducing apparatus for an optical disc
8 cm or less in diameter, the following problems arise.

In the case of a standard CD format optical disc, on which
are recorded stereophonic digital PCM audio signals sampled with a
sampling frequency of 44.1 kHz and quantized with 16 bits, and where
these signals. are exclusively reproduced by the user {(CD-DA format),
the playback time (recording time) of a disc 8 ca in diameter is 20 to
22 minutes at most, meaning 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 cam CD is preferred. In
addition, with this CD-DA format, recording by the user is not
feasible. In addition, a contactless type opticel pick-up device is
vulnerable to mechanical vibrations and subject to detracking or
defocusing. Thus, when the apparatus is to be portable, some positive
measures need to be taken to prevent adverse effects of detracking or
defocusing on the reproducing operation.

With the CD-I (CD-interactive) format, the levels A to C as
shown in the following Table 1 are prescribed as modes for
recording/reproducing bit-compressed digital audio signals.
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system cor{It fol | er Wth |
appar at us, it e %SF&M‘?‘& efe
factor of {or _reproducin

he present disc recording/reproducing

node ADPCM audi o data are expanded by a 5

he digital audio data. The reproduced digital
audi o datajare transnitted by the ADPCM dgcoder 23 to a D/ A converter 24.
The D/A co he digital aldio data supplied fromthe ADPCM
decoder 23 to be converted into an analogue audio 10 signal [err] which is
outputted via a |owpass filter 25 at app@altgout term nal 26. The
reproducing system of the disc recording/reproducing apparatus I's provided

wth a digitalfjo g | ud aatt
out put of the ADE%E% )d%%‘fg ehg EQ E?EQB?S ggﬁ dhf gé:t% q’ Ry ct'/‘eF Fa
28 via a digitpl output}jenco ¥la Judntiza- monasral)
5 tion
A 37.8 KHz 8 17 KHz 2/4
8 37.8 kHz 4 17 kHz 4/8
Cc 18.9 KkHz 4 8.5 kHz 8/16
10

When reproducing a disc recorded with, for example, the level
B mode, signals obtained by 4-fold bit compression of standard CD-DA
format digital signals are reproduced. Thus, if all of the recorded
data are stereophonic audio compressed data, playback time increases
15 4-fold, or reproduction of 4-channel data, becomes feasible, so that
reproduction for 70 minutes or longer becomes possible with an optical
disc of about 6 cm in diameter.
Meanwhile, with the CD-I format, the disc is rotationally
driven at the same linear velocity as that for the standard CD-DA
20 format, so that continuous audio compressed data are réproduced at a
rate of one unit to n 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 4 with the level B stereo mode. This unit is
termed a block or sector, which is made up of 98 frames end has a
25 period of 1/75 second. Therefore, with this level B stereo mode, &
data string in which one of 4 sectors is an audio sector, such as:
SDDDSDDD...
where S is an audio sector and D is another sector or sectors, is
recorded on & séctor-.bybsector basis on the disc. However, for actual
30 recording, since the above data string undergoes a 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 daéa sector D are arranged in a scrambled fashion in
,the recording sectors on the disc. The other data sectors D may, t‘or.
35 example, be video or computer data. When the bit—compréssed audio
signals are also used: for the data sector D, a data string in which 4-
channel audio sectors Si to Si are cyclically arranged; that is a data
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digital pufput signal [grrfl. The recording/reproducing operation by the

above- depc mgmmatu Wi || now be explained in nore detail. The record
~data, thiat]is data read put fromthe nmenory 14, is 20 arranged into a

cluster qt Yamimnterval of h predeterm ned nunber of, for exanple 32,
sectors ér blocks. and several cluster-lin I ng sectors are arrayed between
adjoining clusters. In nore detail, each uster [err] consists of 32

sectors or blocks BO to B31, and 5 linking sectors L1 to L5 are arranged
bet ween these clyptars [err] for linking the 25 adjoining clusters. For
recording a cluster, such as a k'th cluster [err] the 32 sectors BO to B31
of the cluster [err] a®H BRe 83i B4 n§l cPRsSdr ﬁahead of and fol | owi ng the

cluster [err] nehdodeleand £ob@Ed ohIthie0disds. | MaA decbiding! aisd eepdodtcing
056 eopPEnlolE alafe 34Tyl 1@ dndvd-UREfbiiek N2 cRdrRS Huak§ s mar™K' N0
5 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 outermost areas of the disc. Channel 2 data corresponding to

the audio sector S2 are reproduced from the innermost to the outermost

10 areas of the disc. Channel 3 data corresponding to the next audio
sector S3 are reproduced from the innermost to the outermost areas of
the disc. Finally, channel 4§ data corresponding to the audio sector
Sl are reproduced from the innermost to the outermost areas of the
disc to enable data reproduction for a continuous 4-fold time

15 duration.

However, for the above-mentioned continuous reproduction,
several track jump operations spanning the inner and outer disc
peripheries are necessitated. Since a track jump cannot be achieved
instantaneously, playback data are interrupted for a short time

20 period, meaning that the playback sound is momentarily interrupted.
On the other hand, when continuous audio signals are to be recorded,
it is not possible to record only the sector 2 signals, as an example,
because the data need to undergo interleaving at the time of
recording. That is, sector 2 data need to be interleaved with

25 adjoining and even near-by sectors, such as sectors S1 and S3, such
that it becomes necessary to rewrite signals of previously recorded
sectors. Thus it is extremely difficult to record continuous
compressed audio data, while real-time processing is virtually
impossible.

30 According to the present invention there is provided an

optical disc recording apparatus for recording digital data on a disc-

shaped recording medium by optical means, the apparatus comprising:
memory means for te;:orarily storing input digital data compressed

from a continuous signal; .

35 signal processing means for arranging digital data read out from said
memory means into‘a plurality of clusters at an interval of a

predetermined number of sectors, annexing to each of said clusters a



30 as one ul- 4
menory 14 to {hé encoﬁ_cfé %ﬁ efe interleaving is carried out for data
rearrangenent jo er2® t up to 108 frames corresponding to ca. 1.1
sector.  Howeveér, the. thin the clugter [err] are safely contained
within a rangd of fromthe run-in blocks L3 to L5 to the 35 run-out bl ocks
L1 to L3 with aft ' emai ning clusters [err] or [err].

Meanwhi | e, dummpluestearliokiig sectdr so chat raécking pontion tio eech clusBendlst or s

L1 to L5 to avoi Vehah afs f 6l £ HebdthCht SRV iInerTeslh fa@@n! dat a
per se. \Wen regg?%igng{the next %‘3&‘2? [errJS 3 sectors LSg[%\éLaS Qf {Hﬁ‘e 5

| i nki ng sect or ssgid f{g1tal date. and £ae Processing the digital data of said cluster
by the interleaving operation;

5 recording means for recording digital data obtained from said signal
processing means on said medium;
abnormality detection means for detecting abnormalities in the
recording operation in said recording means;

resetting control means for inhibiting said recording operation and

10 for resetting said recording means from an abnormal state to & normal
state in dependence upon detection of an abnormality by said
abnormality detection means;
memory control means for performing a read-out control of said memory
means for reading & predetermined amount of said recording data on a

15 cluster-by-cluster basis when an ‘amount of said input digital data
stored in said memory means exceeds & present first predetermined
amount of data to maintain a 'writable space larger than a second
predetermined amount of data in said memory means; and '
recording control means for performing & recording position control

20 for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
on a recording track of said medium, _

According to the present invention there is also provided an
optical disc recording apparatus for recording digital data on a disc-

25 shaped recording medium by optical means, the apparatus comprising:
memory means in which input data digitized from continuous signals are
sequentially written and from which the input data thus written are
read out as record data having a transfer rate higher than the
transfer rate of said digital data;

30 signal processing means for arranging digital data read out from said
memory means into a plurality of clusters at an interval of a
predetermined number of sectors, annexing to each of said clusters a
cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for

35 , said digital data, and for processing the digital data of said cluster
by the interleaving operation;
recording means forf recording digital data obtained by said signal
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cluster and thg next cluster [ferr] are used as the run-in blocks, so 5
that the sec{of IBsiRER 89 ded superfluously without causing any

i nconveni encg.  The sector L3j of the run-in block or the sector L3 of the
run-out bl ock may pe ontted, ko that recording may be perfornmed with the
remai ni ng 37] | By recordi g on the cluster-by-cluster
basis, there is no 10 necessity of taking account of interference with
the adjoining clusters by interleaving, so that data processi ng my be
significantly siprptéseingi ne@s phsadd medivmind, if the record data cannot be

recorded nornal lggnsi@1iey Nadtebtidnl cmnsswsb astedeing UsbitimadRLE4CKA NERE! C.
re- recording may be,done on .the cl uster- ﬁ-cluster basis and, if the 15

record data canfSEOBHDE Spepifiondin.p Pea83adi ng may be done on the
cl ust er - by- cl ustresetrdsg Scont¥dlh médres poeslmnibiemckaurtqcobﬁiaagsmmon and
controller 7

5 for resetting said recording means from an abnormal state to a normal
state in dependence upon detection of an abnormality by said
abnormality detection means;
memory control means for performing a read-out control of said memory
means for reading a predetermined amount of said recording data on a

10 cluster-by-cluster basis when an amount of data of said input digital

data stored in said memory means exceeds a preset first predetermined
amount of data to maintain a writable space larger than a second
predetermined asount of data in said memory means; and
recording control means for performing a recording position control
15 for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
on a recording track of said medium,
According to the present invention there is also provided an
optical disc recording apparatus for recording digital data on a disc-
20 shaped recording medium by optical means, the apparatus compri'sing:
memory means for temporarily storing input digital data compressed
from & continuous signal;
signal processing means for arranging digital data read out from said
memory means into a plurality of clusters at an interval of a
25 predetermined number of sectors, annexing to each of said clusters a
cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing digital data of said cluster by
the interleaving operation; _

30 recording means for recording digital data obtained by said signal

processing means on said medium;

abnormality detection means for detecting abnormalities in the

recording operation in said recording means;

resetting control means for lowering a laser power of said recording
35 means and for resetting sald recording means from an abnormal state to
e normal state upgn detection of an abnormality by said abnormality

detection means;
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ggals "f"ECOI’dI ] mode, a record control operation shown for
-exanple in thel fl ow lgure 4. 20 During the recording
node, the sytm?c‘érﬁcégﬁqz)g 1 its at step [err] until one-cluster
| ar e _avaladaie en the one- cluster recording data are in

order, the system control I er 7\proceeds tobstep S2 to access the optical

+c=tTEH0 4 to record one-cluster recordi ng data on the
disc 2. At the next ste he s stemconir ol tors t he
end of recor di §e8FY tcﬂgaa’h choshh [0F qeceimspa, A PAE conbgplof AELY BCTRUI ng
of the one-cl usteans rfecaredding dog-glusterdate qnnae:idstdmbyszseﬁn baaikrwbleher 7

proceeds to ste f to a
repr oduci ng | ev %‘Jtt hg %%&t 3};?3&&%&5}’?%&& dhgglﬂg%q%‘eg%?gl‘%ﬁ%f al |
of the 30  remsens dgreeedss %n@%t aﬂf efrida pge-clusternby-¢clustes) dasaorta

dat a, dt he syst aiRiaedn 8lWretable PUEE LordeP thakh s&ddnll Prede€HniEdCarolift of
recordl ng

data in said memory means;
recording control means for performing a recording position control
for continuously recording the digital data intermittently read out
cluster by cluster from said memory means by said memory control means
10 on a recording track of said medium; and
control means for performing control of again reading out from said
memory means those record data which could not be read out due to an
abnormality of the recording operation, after resetting of said
recording state to a normal state by a resetting control by said
15 resetting control means, said control means also performing a control
of recording said record data again read out in recording positions
contiguous to the record data preceding said record data which could
not be recorded.
With an embodiment of optical disc recording apparatus
20 according to the present invention, input data digitized from
continuous signals are written in memory means, the data thus written
in the memory means are sequentially read out as record data having a
transfer rate faster than the transfer rate of said input data so as
to be interleaved by record means for recording on a cluster-by-
25 cluster basis on said optical disc.

Cluster-linking sectors longer than an interleaving length
may be arrayed between the clusters, such that, by recording the
clusters and the cluster-linking sectors simultanecusly, it becomes
possible to eliminate the effects of interleaving on adjoining

30 clusters. With the cluster and cluster-linking sector as a recording
unit, recording may be made independently cluster-by-~cluster without
taking account of the effects of interleaving on other clusters, such
that recording data discontinuously read out on the cluster-by-cluster
basis from the memory means by the memory control means may be

35 +continuously recorded on a recording track of the optical disc by
controlling the reco?ding positions by recording control means.

When the abnormality detection means detects an abnormality
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operation. If the fecor s fcqme to an end, the control operation o
the record node téﬁ%,%g%@g? Qurfing nonitoring of the end of recording of

S
the one-cluster |etord.data.dueiing step [err] it is checked 35 at step S6
if an abnormality has been detect by the_abnormality detection circuit
30. Unl ess an abi ' i ted, the7system 16 controller 7
reverts to step S3 to continue the nonitoring operation and, if an

bnornmal ity i c V&Lt e rr]l] to
St the | her  pa R ESbhrdiiif okl i, COHY Liker Hondr P el fach 4 iis fbanS del

ower of
i mredi at el y. Atb%mﬁg‘ﬁe'[egrtﬁ regatting coptFoh reapsy whiles the ree gfuesns tare
abnor nmal st at e condrotlieticso agate teeirédetyfidn the[abh6inall fite to the normal

state to maintain continuity of the recording data.

5 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 optical disc
recording/reproducing apparatus embodying the present invention;
10 Figure 2 is a block diagram showing an abnormality detection
circuit provided in the apparatus of Figure 1;
Figure 3 shows the format of a cluster;
Figure 4 is a flow chart showing a control operation of a

recording mode of a system controller in the apparatus of Figure 1:
15 Figure 5 shows an example of a data structure of one sector
or block; - '
Figure 6 shows the contents of a sub-header;
Figure 7 shows an example of a data structure in one sector
of a so-called CD-I;
20 Figure 8 shows a format of a frame and a block {sector) in
the CD standard;
Figure 9 shbws a ¢ata format employed in the apparatus of
Figure 1;
Figure 10 shows the status of a memory-controlled memory in
25 a recording system of the apparatus of Figure 1; and '
Figure 11 shows the status of a memory-controlled memory in
a reproducing system of the apparatus of Figure 1.
Figure 1 is a block circuit diagram showing a schematic
construction of an optical disc recording/reproducing apparatus
30 according to an embodiment of the present invention.

In the disc recording/reproducing apparatus of Figure 1, a
magneto-optical disc 2 rotationally driven by a spindle motor 1 is
employed as a recording medium. While a laser light is irradiated by
an optical head 3 on the disc 2, a modulating magnetic field
corresponding to recording data is applied by & magnetic head 4 to the
disc 2 for recording data along a recording track of the disc 2. On

35

-~

the other hand, the‘recording track of the disc 2 is traced with a
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record data at the |eading éid-of-t e jcluster where the abnormality has

been detected, the systeggfggﬁ;@h*er reverts to step S2 to re- start the
recordi ng operation.{ Ijn ranner ., tthe recordi ng operation is perforned
on a 10 cluster-by-l 8i-g-atd,] if an abnormality is detected by the
abnormality detectian circuit 30, recmrmluﬁis re-started at the | eading

end of the cl uster to mal ntarncontrmuity of record data. Each sector or
bl ock consists roni zin t 4 head tes 2336 bytes of
dat e por sc DOOOPSFS EASHY S sptira hengs FRCPigeaibeesiRig Shratisine
2352 bytes. Thi sthsecQWQ# datesck array i s represent ed as a two-di nensi onal

array, as shown in Fi QUi gptitlf Hehd t&f‘mpl@seiﬂﬂ%ﬁ@@'ﬂ éQBubet SutR'bal &t Of
the first byte 00H 1Q b tes FFH_and the | ast c% hexadeci nal

system (H is a he#8Bedf QEtisSt) compopents,; sxch 3 ﬁe&ﬁ%’r"&ﬁ?&ﬂsﬁ“g'oﬁn

address parts objective lens. a polarization beam splitter or a cylindrical lens,
and a split photodetector, although these device are not shown, and is
arranged to face the magnetic head 4 with the disc 2 in-between. For
recording data on the disc 2, the optical head 2R irradiates a laser
light on a target track on the disc 2 for recording data by

10 thermomagnetic recording. The modulating magnetic field corresponding
to the recording data is spplied to the target track by the magnetic
head 4§, which is driven by a head driving circuit 16 of the recording
system which will be explained subsequently. The optical head 3
detects a laser light irradiated on and reflected by the target track

15 for detecting the focusing error by a so-called astigmatic method, as

well as detecting the tracking error by & so-called push-pull method.
When reproducing data from the disc 2, the optical head 3 detects the
difference of a polarization angle (Kerr rotation angle) of the
reflected laser light from the target track to produce playback
20 signals.
The output of the optical head 3 is supplied to an RF circuit
5. The RF circuit 5 extracts the focusing error signal and the
tracking error signal from the output of the optical head 3 "and
transmits the extracted signals to a servo control circuit 6 while
25 converting the reproduced signals into corresponding binary signals
and supplying the binary signals to a decoder 21 of the reproducing
system, which will be explained subsequently, and supplying these to
an abnormality detection circuit 30.
The servo control circuit 6 comprises a focusing servo
30 circuit, a tracking servo circuit, & spindle motor servo control
circuit and a thread servo control circuit, although these circuits
are not shown. The focusing servo control circuit executes focusing
control of an optical system of the optical head 3 so that the
focusing error signal will be reduced to zero. The tracking servo
35' control circuit executes tracking control of the optical system of the
optical head 3 so, that the tracking error signal will be reduced to

zero. The spindle motor servo control circuit controls the motor 1



20 for m nut BEPI&AQEMWSM , each one byte, and a node data byte.

These node datjajmainly i ndicaje]a CD- ROM node, while a sector structure
shown in Fi gures ?Sﬂ-’?ﬁﬁ@ﬁe ppnd to the node 2 of the CO- ROMformat. The
CD-I is a stanpdard enploying {heg node 2 and the contents of the data DOO01
to DOOO1 are ri | wp in Figure_ 25 6. Figure 5 shows forns 1
and 2 of the |_standard, in Which 12 sy?}chronl zing bits and 4 header
bytes are the sane as those of the CD ROM node ﬁ shown in Fi gureézﬁ?) and 5.
The next 8 sub- ka hES as Q ei.n
data DO0OO1 and %g‘gg? a%hﬁ’ﬁyaﬁﬁiﬁeinﬁt{#blgggc daat%a \Iggﬁ%%tEWOg% §n°1

channel nunber sVEXPSLYY DEUES a8 nat [Bocerstapte ldpsen yelogitysa oThe &hmstem and
DO008 are data tonteolatiacuitheaudes a:thHiQicethhCIK)Q‘landaBﬂe @Akt Hiadt » 50008

are the same d%Q i 4§ ArfuPkh Soes b B im0 B HER SIS B G 2048

user data

5 system controller 7. The servo control circuit 6, which performs
these various control operations, transmits an information indicating
operating states of components controlled by the servo control circuit
6 to a system controller 7.

Referring to Figure 2, the abnormality detection cii-cuit 30
10  includes a focusing monitoring circuit 31 for monitoring the focusing
state of the optical head 3 based on the focusing error signals
supplied from the RF circuit 5 for detecting the focusing state of the
optical head 3, a track jump detection circuit 32 for detecting an
occurrence of a track jump based on the tracking error signal, and a
15 discontinuity detection circuit 33 for detecting discontinuities in
the sub-code 2 data or header time, and supplies a detection output of
.these circuits as an abnormality detection output signal to the system
controller 1.
To the system coptroller 7 are connected a key input
20 operating unit 8 and a display 9. The system controller 7 controls
the recording system and the reproducing system with the operating
mode designated by operating input information from the key unit 8.
The system controller 7 supervises, on the basis of a sector-by-sector
address information reproduced from the recording track of the disc 2
25 by the header time or sub-Q data, the recording position as well as
the reproducing position on the recording track traced by the optical
head 3 and the magnetic head 4. The system controller 7 caﬁses a bit
compression mode to be displayed on the display 9 on the basis of bit
compression mode data in the reproduced data obtained from the RF
30 circuit 5 by means of a reproducing system as later described, or of
bit compression mode data in an adaptive differential PCM (ADPCM)
encoder 13 switchingly selected by the key unit 8, The system
controller 7 also causes the playback time to be displayed on the
display 9 on the basis of a data compression ratio and the reproducing
35 position data on the recording track in the bit compression mode.
For displaying the playback time, the sector-by-sector
address information {absolute time information), reproduced from the
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form1l is used for
n video data. The 2328

P parity byte and 104 Q pafffy 35
recording letter

17 bytes for

User data bytes, downstream of the
reserve data bytes. This form2 is

bytes. 4 error-det

bytes, for form1 TGUre 7A. ThHi d
data, binary data and} h rq% e
form2 of Figure 78ic n?qgf%g 2
sub- header data, an -"m'"rTg2
used for recording

onpressed audi o _data or video data.

In the case of

conpressed audi o datd;
in the 2324 user data bytes,
vacant space.

I8 T28- byte sound Jq9groups (2304 bytes) are arrayed
with the remaining 20 bytes representing a
When recordi ng the above-descri bed sector-based data on a

10

15

20

25

30

35

recording track of the disc 2 with the head time or sub-Q data, is
multiplied by a reciprocal of the data compression ratic in the bit
compression mode (4 in the case of 1/4 compression) to find an actual
time information for display on the display 9. It is noted that, if
absolute time information has been recorded {preformatted) on a
recording track of a magneto-optical disc, the preformatted absolute
time information mey be read during recording and multiplied by the
reciprocal of the data compression ratio to cause display of the
current position in the form of the actual recording time.

The apparatus also comprises an A/D converter 12 to which an
analogue audio signal A,, is supplied from an input terminal 10 by way
of a low-pass filter 11.

The
digital audio data cbtained at the A/D converter 12 is transmitted to
the ADPCM encoder 13. The ADPCM encoder 13 processes the standaéd
transfer rate digital audio data quantized from the audio signal A,

The A/D converter .12 quantizes the audio signal Ay

by the A/D converter 12 by a data compressing operation in conformity
with the various modes in the CD-1 system shown in Table 1, and has
its operating mode designated by the system controller 7. For
example, in the B-level mode of Table i1, 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 &
before being supplied to a memory 1l. The data transfer rate with the
B-level stereo mode is reduced to 1/4 of the standard data transfer
rate of 75 sectors/second, or 18.75 sectors/second.

In the embodiment 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 bits to 4 bits is performed
after conversion of 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 controlied as a function of the switchingly controlled

sampling frequencies of the A/D converter 12. That is, the sampling



disc, a coc&F LACEMYM@' 'h as parity addition or interleaving or EFM

'encodlng id darried out byjithe encoder 15, so that recording is 10
performed Witth 25 FERBM9Ng|f ormat shown in Figure 8. Referring to Figure 8,
]

each bl ock o sector consi of 98 frames of 1st to 98th frames, with each
frame bein npel clock perijpd T (588T). Wthin each frame,
there are L.z ng pattern part of 24T (plus 3T for |inking),
a sub-code 15 part of 14T (plus 3T for linking) and data part of 544T (for
audi o dat a and frequengy deft ahe AVBecontrierddRaamhthe coutsofft st‘reriuei;é’ymﬂ ¢Be Or

symbol s of audiig,Qalsd- potell 1P BaPooiahi danddldly HACRAIES 1 Ypgnand 4

bytes of parity data, ave been processed by EFM Audio ta I'n each
frane are const‘?‘?lﬁ%‘arﬁﬂ? om wRdes>s or 12 words because 20 each word of the
audi o sanpl e data consnit sefdrylA4bits csedl a8 aubumuil»euéﬁz@ A “hEchS-daka

sub-code dat5a V\'h I' has ungg rogg nae}eEgol\t/lxt%QPledsby rtli\aysysteu controller 7, and
which transiently stores ADPCM audio data supplied from the ADPCM

encoder 13 for recording on the disc 1 as the occasion may demand.

That is, in the B-level stereo mode, the compressed audio data

supplied from the ADPCM encoder 13 has its transfer rate reduced to

10 1/4 of the standard 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

(ADPCM data) at a rate of every 4 sectors, as explained above, it is

practically impossible to record the dats at this rate in view of the

15 interleaving operation, and hence the sectors are recorded

continuously as later explained. Such recording is performéd in a

burst fashion (discontinuously) at a standard data transfer rate of 75

sectors/second, by taking advantage of a quiescent period of the time-

compressed data, with a cluster, comﬁosed of a predetermined aumber

20 of, for example, 32 plus a few sectors, as a recording unit. That is,

in the memory 1l, the B-level sterec mode ADPCM audio data which has

been continuously written at the lower transfer rate of 18.75 (= 75/4%)

sectors/second conforming to the data compression ratio, is read out

as record data in a burst fashion at the above-mentioned transfer rate

25 of 75 sectors/second. The overall data transfer rate of the data read

out and recorded in this way, inclusive of the non-recording period,

is a lower rate of 18.75 sectors/second. However, an instantaneous

data transfer rate within the time of the burst-like recording

operation is equal to the above-mentioned standard rate of 75

30 sectors/second. Therefore, if the rotational velocity of the disc is

the same as that of the standard CD-DA format, that is, a constant

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

The ADPCM audio data read out from memory 14 in a burst

35 Ifashion at the trensfer rate of 75 sectors/second, that ig, the record

data, is supplied to gn encoder 15. With a data string supplied from

the memory 14 to the encoder 15, a data unit continuously recorded
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When the data Qngertlgg\;ﬁ? ietn%gh at the encoder 13, so that, even when the sector
5 undergoes interleaving, data of other clusters remain unaffected.
Details of the recording on the cluster-by-cluster basis will be
discussed later referring to Figure 3.
The encoder 15 processes the record data supplied in a burst

fashion from the memory 14 with an error correcting coding operation,

10 such as by parity addition or interleaving, or 8-to-1l4 modulation
(EFM). The recording data, thus encoded by the encoder 15, is
supplied to the magnetic head driving circuit 16.

To the head driving circuit 16 is connected the magnetic head
4 and drives it to apply a modulating magnetic field conforming to the

15 record data to the disc 2.

On the other hand, the system controller 7 performs writing
and read-out control for the memory 14 and, based on the ueﬁory
control, performs a disc recording position control so that the above-
mentioned record data read out in a burst fashion from memory il will

20 be recorded continuously on the recording track of the disc 2. For
the recording position control, the record position on the disc 1 of
the record data read out in a burst fashion from the memory 14 is
supervised by the system - controller 7, &and controls signals
designating the record position on the recording track of the disc 2

25 are supplied to the servo control circuit 6.

If an abnormality, such as track jump or defocusing, should
have occurred during the recording operation, the system controller 7
performs a control operation of immediatély lowering the laser power
of the optical head 3 based on the abnormality detection signal from

30 the abnormality detection circuit 30, to prevent mistaken recording,
and of resetting the recording system under this condition from the
sbnormal state to the normal state.

The reproducing system in the disc recording/reproducing
apparatus will now be explained.

35 The repreducing system reproduces the record data
continuously recorded by the above-described recording system on the
recording track of the disc 2, and is provided with the decoder 21, to
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optical head 3 tracing the recording track on the disc 3 with a laser
light and converted into binary format signals by the RF circuit 5.

The decoder 21 is associated with the encoder 15 in the
5 above-described recording system, and processes the playback output,
converted into the binary format s@gnals by the RF circuit 5, with the
above-mentioned decoding for error correction and EFM decoding, and
reproduces the above-mentioned B level stereo mode ADPCM audio data at
a transfer rate of 75 sectors/second, which is faster than the normal
10 transfer rate in the above-mentioned B level stereo mode. The
reproduced data, produced by the decoder 21, are supplied to a memory
22, -
The memory 22 has its data writing and read-out controlled by
the system controller 7 so thai: the playback data supplied from
15 decoder 21 at a transfer rate of 75 sectors/second are sequentially
written in a burst fashion at the transfer rate of 75 sectors/second.
Also the playback data intermittently written at the transfer rate of
75 sectors/second in the memory 22 are continuously read out therefrom
at the regular B-level stereo mode of 18.75 sectors/second.
20 The system controller 7 also performs a memory control of
writing the reproduced data in the memory 22 at the transfer rate of
75 sectors/second, continuously reading out the plgyl':ack data from the
memory 22 at the transfer rate of 18.75 sectors/second.
The system controller 7 performs, besides the above-mentioned
25 memory control operation for the uemoi'y 22, a reproducing position
control from the recording track of the disc 2, in such a manner that
the playback data written in a burst fashion by the above-mentioned
memory control in the memory 22 is reproduced continuously from the
recording track of the disc 2. The reproducing position control is
30 performed by supervising a reproducing position on the disc of the
above-mentioned playback data written in a burst fashion in the memory
22 by the system controller 7, and by supplying a control signal
designating the reproducing position on the recording track of the
, disc 2 to the servo control circuit 6.
35 The B-level stereo mode ADPCM audio data, obtained as
playback data read ‘out continuously from the memory 22 at a transfer
rate of 18.75 sectors/second, are supplied to the ADPCM decoder 23.
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5 factor ot‘ 4 for reproducing the digital audio data. The reproduced
digital audio data are transmitted by the ADPCM decoder 23 to a D/A
converter 2. _

The D/A converter 24 causes the digital audio data supplied
from the ADPCM decoder 23 to be converted into an analogue audio

10 signal Ay, which is ocutputted via a low-pass filter 25 at an output
terminal 26.

The reproducing system of the disc recording/reproducing
apparatus is provided with a digital outputting functiqn so that the
digital audio data at the output of the ADPCM decoder 23 is outputted

15 at a data output terminal 28 via a digital output encoder 27 es a
digital output signal D,

' REP
conti nuously |r LACE W ansfer rate of 18.75 sectors/second 10
ADP : :
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The recording/reproducing operation by the above-described

apparatus will now be explained in more detail.
The record data, that is data read out from the memory 14, is
20 arranged into a cluster at an interval of & predetermined number of,
for example 32, sectors or blocks, and' several cluster-linking sectors
are arrayed between adjoining clusters. In more detail, each cluster
C, consists of 32 sectors or blocks BO to B31, and 5 linking sectoré
L1 to L5 are arranged between these clusters C, for linking the
25 adjoining clusters. For recording a cluster, such as a k'th cluster
Cy+ the 32 sectors BO to B31 of the cluster C, and the linking clusters
ahead of and following the cluster C,, namely the 3 sectors L3 to LS
towards the cluster C, , (run-in blocks) and the 3 blocks L1 to L3
towards the cluster C,,,, making a total of 38 sectors, are recorded
30 as one unit. The 38-sector record data are transmitted from the
memory 14 to the encoder 15 where interleaving is carried out for data
rearrangement over a distance of up to 108 frames corresponding to ca.
1.1 sector. However, the data within the cluster C, are safely
;:ontained within a range of from the run-in blocks L3 to LS to the
35 run-out blocks L1 to L3 without affecting the remaining clusters Crs
or C,,,. Meanwhile, dummy data, such as O, are arrayed in the linking
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that the sector L3 is recorded superfluously without causing any
inconvenience. The sector L3 of the run-in block or the sector L3 of
the run-out block may be omitted, so that recording may be performed
with the remaining 37 sectors as a unit.

By recording on the cluster-by-cluster basis, there is no
necessity of taking account of interference with the adjoining
clusters by interleaving, so that data processing may be significantly
simplified. On the other hgnd. if the record data cannot be recorded
normally due to malfunctions, such as defocusing, detracking etc, re-
recording iw be done on the cluster-by-cluster basis and, if tﬁe
record data cannot be reproduced eft‘éctively. re-reading may be done
on the cluster-by-cluster basis. |

With the present embodiment, the system controller 7
pérforms. during the recording mode, a record control operation shown
for example in the flow chart of Figure 4.

During the recording mode, the system controller 7 waits at
step S, until one-cluster recording data are available. When the one-
cluster recording data are in order, the system controller 7 proceeds
to step S, to access the optical head 3 and the magnetic head § to
record one-cluster recording data on the disc 2. At the next step S,,
the system controller 7 monitors the end of recordiné of the one-
cluster recording data. When the recording of the one-cluster
recording data. comes to an end, the system controller 7 proceeds to
step §; to set the laser power of the optical head 3 to a reproducing
level. At the next step S;. it 1s checked if recording of all of the
record data has come to an end and, if there is any record data, the
system controller 7 reverts to step S; to continue the recotdir;g
operation. If the recording has come to an e.nd. the control operation
of the record mode is terminated. During monitoring of the end of
recording of the one-cluster record data during step S3. it is checked
at step S¢ if an abnotmality has been detected by the abnormality
detection circuit 30. Unless an abnormality is detected, the system
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operation nmay be jcdrrpegipgpti9oh tthe interim Thus, input data can be
continuously recorded w thout drdp-out on the recording track of the disc
2. 5 a rtijme data corresponding to the physica
address of the sectors are annexedjto the CM audi o data on the
sector-by-sector basis, and recorded on t he sector-by-sector basis on the
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recordi ng node are recor tab 3. contents reg
and, if an abnormality is detected. the system controller 7 reverts to

step S, to set the laser power of the optical head 3 to the

reproducing level immediately. At step Sz, the recording system is
5 reset from the abnormal state and, after again setting at step S; the
record data at the leading end of the cluster where the abnormality
has been detected, the system controller 7 reverts to step S2 to re-
start the recording operation.
In this manner, the recording operation is performed on a
10 cluster-by-cluster basis and, if an abnormality is detected by the
sbnormality deteet:lon circuit 30; recording is re-started at the
leading end of the cluster to maintain continuity of record data.
Bach sector or block consists of 12 synchronizing bits, &
header bytes and 2336 bytee of data per se D0O0OL to D2336, arrayed in
15 this order.' making a total of 2352 bytes. This sector or block array
is represented as a two-dimensional array, as shown in Figure §,
wherein the 12 synchronization bits consist of the first byte O0H, 10
bytes FFH and the last byte OOH in the hexadecimal system (H is a
hexadecimal number). The next 4-byte header consists of address parts
20 for minute, second and bloc, each one byte, and a mode data byte.
These mode data mainly indicate a CD-ROM mode, while a sector
structure shown in Figures 3 or 5 correspond to the mode 2 of the CD-
ROM format. The CD-I is a standard employing the mode 2 and the
contents of the data DOOO1 to DOOO1 are prescribed as shown in Figure
25 6.
Figure 5 shows forms 1 and 2 of the CD-I standard, in which
12 synchronizing bits and 4 header bytes are the same as those of the
CD-ROM mode 2 shown in Figures 3 and 5. The next 8 sub-header bytes
are prescribed as shown in Figure 4§ wherein data DO0OO1 and DOOO5 are
30 file numbers, data DOOO2 and DOOO6 are channel numbers, data DO0O3 and
DO007 are sub-code data and data DOOOY and DOOO8 are data type data.
The data DOOO1 to DOOO4 and data DOOO5 to DOOO8 are the same data
written in duplicafe. The next 2328 bytes consist of 2048 user data
+ bytes, 4 error-detecting bytes, 172 P parity byte and 104 Q parity
35 bytes, for form 1 of Figure 7A. This form 1 is used for recording
letter data,. bina:;' data and high compression video data. The 2328
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of the ayback data stored In 28 zf ower
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groups {2304 bytes) are arrayed in the 2324 user data bytes, with the
remaining 20 bytes representing a vacant spece.

Wﬁen recording the above-described sector-based data on a
disc, a coding operation such as parity addition or interleaving or
EFM encoding is carried out by the encoder 15, so that recording is
performed with a recording formast shown in Figure 8.

Referring to Figure 8, each block or sector consists of 98
frames of 1ist to 98th frames, with each frame being 588 times e
channel clock period T (588T). Within each frame, there are a frame
synchronizing pattern part of 24T (plus 3T for linking), a sub-code
part of 14T (plus 3T for linking) end data part of S44T (for audio
data and parity data). The 544 T data part consists of 12 bytes or
symbols of audio data, 4 bytes of parity data, 12 bytes of audio data
and 4§ bytes of parity data, which have been processed by EFM. Audio
data in each frame are constituted by 24 bytes or 12 words because
each word of the audio sample data consists of 16 bites. The sub-code
part is the 8-bit sub-code data which has undergone EFM and is arrayed
in a block with 98 frames as & unit, each bit constituting one of 8
sub-code channela_ P to W. The sub-code parts of the first and second
frames are block synch patterns S; and S; which violate the EFM rule,
each of the sub-code channels P to W being constituted by 96 bits for
the 3rd to 98th frames.

The above s&udio data, recorded after interleaving, are
deinterleaved during reproduction into audio data of a data array
conforming to the regular time sequence. The CD-I data, such as are
shown in Figures 3 and 5, may be recorded in place of the audio data.

Digital data obtained at the A/D converter 12 in the
apparatus of Figure 1, are similar to those of the CD-DA format, that
is audio PCM data with a sampling frequency of 44.1 kHz, the number of

,quantization bits equal to 16 and a data transfer rate of 75
sectors/second, as shown in Figure 9. When the data are transmitted
to the ADPCM encoder 13 so as to be bit-compressed to the above-
mentioned stereo mode, the digital data are converted into data with
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Thus, with the ] br oduci ng system of the 25 apparatus. the
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continuously outputted at a transfer rate of 18.75 sectors/second from
the ADPCM encoder 13, are supplied to the memory 14.

Referring to Figure 10, the system controller 7 controls the
memory 1% in such a manner that a write pointer W of the memory 14 is
continuously incremented at a transfer rate of 18.75 sectors/second
continuously to write the ADPCM audio data in the memory 14 at a
transfer rate of 18.75 sectors/second and, when the amount of data of
the ADPCM audio data stored in the memory 14 exceeds a predetermined
amount K, a read pointer R of the memory 14 is incremented in a burst
fashion at the transfer rate of 75 sectors/second to read out a
predetermined amount of K of the ADPCM data in a burst fashion from
the memory 14 as record data at the above mentioned transfer rate of
It is noted that the above predetermined amount K
has one-cluster data as a unit.

That is, in the recording system of the apparatus of Figure
1, the ADPCM audio data continuously outputted at the transfer rate
of, for example 18.75 sectors per second, from the ADPCN encoder 13
are written in the memory 14 at the above-mentioned transfer rate of
18.75 sectors/second. When the amount of data of the ADPCM data
stored in the memory 14 exceeds the predetermined amount of data K,
the amount of data K of the ADPCM audio data is read out in a burst
"fashion from memory 14 at the transfer rate of 75 sectors/second as
recor(_l data, so that input data can be continuously written in the
memory 14 while a data write region K' in excess of a predetermined
amount is perpetually maintained within the memory 14. By recording
the recording positions on the recording track of the disc 2 under
control by the system controller 7, the record data read out in a
burst fashion from the memory 14 can be recorded consecutively on the
recording track on the disc 2. Since a data-depleted region in excess
of a predetermined amount is maintained in the memory 14, data can be
continuously written in the data-depleted region in excess of the
predetermined amount even if the system controller 7 detects that a
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track jump etc has occurred due to disturbances or the 1like to
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resetting operatio

g of the an@ ogue audi o signals. Since the
ecuted in the interim there is no risk of
interruption in the reproduced sound. 10 Wth the above opti cal
di sc recordi ngigt eRhedME ROréddR@irl bferation on the disc 2, and the resetting
operation may be carried out in the interim. Thus, input data can be
continuously recorded without drop-out on the recording track of the
disc 2.

5 Meanwhile, header time data corresponding to the physical
address of the sectors are annexed to the ADPCM audio data on the
sector-by-sector basis, and recorded on the sector-by-sector basis on
the disc 2. Table of contents data indicating the record region and
‘the recording mode are recorded in a table-of-contents region.

10 . In the reproducing system of the apparatus of Figure 1, the
system controller 7 controls the memory 22 in such a manner that, as
shown in Figure 11, -the write pointer W of the memory 22 is
incremented at a transfer rate of 75 sectors/second to write the
reproduced data in tt;e memory 22 at the transfer rate of 75

15 sectors/second, the read pointer R of the memory 22 is continucusly
mciemented at a transfer rate of 18.75 sectors/second continuously to
read out the playback data from the memory 22 at the transfer rate of
18.75 sectors/second, and the write pointer W of the memory 22 is
intermittently incremented at the transfer rate of 75 sectors/second

20 in a burst fashion, so that, when the write pointer W catches up with
the read pointer R, writing is discontinued. When the amount of data
of the playback data stored in the memory 22 is ioyer than the
predetermined amount L, writing is started again.

Thus, with the above-described reproducing system of the

.25 apparatus, the system controller 7 controls the memory 22 in such a
manner that the B-level stereo mode ADPCM audio data reproduced from
the recording track of the disc 2 is written in a burst fashion in the
memory 22 at a transfer rate of 75 sectors/second, and read out
continuously from the memory 22 as playback data at the transfer rate

30 of 18.75 sectors/second, so that the playback data may be continuously
read out from the memory 22 while the data-depleted region in excess
of the predetermined amount L is perpetually maintained within memory
22. Also the playback data intermittently read out from the disc 2
may be continuously reproduced from the recording track on the disc 2

35 by controlling the reproducing position on the recording track of the

* disc 2 by the system controller 7. In addition, the data read-out
region in excess of the predetermined amount L is perpetually
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predetermined amount of data to continue the outputting of the
analogue audio signals. Since the resetting operation may be executed
in the interim, there is no risk of interruption in the reproduced
sound.
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10 With the above optical disc recording/reproducing apparatus,
& description has been given of the recording and reproduction of B-
level stereo mode ADPCM audio data. Recording and reproduction may
similarly be made of ADPCM audio data of other modes of the other CD-I1
systems. As long as PCM audio data of the CD-DA mode is stored, a

15 time compression may be made in the memory 14 in the recording system
while the record data may be recorded during the time when the disc 2

"is rotationally driven at a velocity conforming to the compression
ratio of time compression. In the reproducing system, time expansion
may be performed in the memory 22.

20 With the above-described optical disc recording apparatus,
input data digitized from continuous signals are written in memory
means and the input area thus written in the memory means are
sequentially read out as record data having a transfer rate fasi:er
than the transfer rate of the input data so as to be processed by

25 interleaving by recording means. A cluster-linking sector longer than
the interleaving length is arreyed between the clusters, and data are
recorded simultaneously with the cluster-linking sectors on a cluster-
by-cluster basis to eliminate the effects of interledving on adjoining
clusters. With the cluster and the cluster-linking sector as one

30 recording unit, dats may be recorded independently on the cluster-by-
cluster basis without the necessity of taking account of the effects
of interleaving on other clusters, so that the record data read out
discretely on the cluster-by-cluster basis from the memory means by
temory control means may be continucusly recorded on the recording

35 track of the optical gisc by controlling the recording positions by
the recording controi means. If an abnormality of the recording

operation is detected by abnormality detection means, resetting
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CLAIMS

1. An optical disc recording apparatus for recording digital
data on a disc-shaped recording medium (2) by optical means, the
5 apparatus couprising:
memory means {(14) for temporarily storing input digital data
compressed from a continuous signal;
signal processing means (15) for arranging digital data read out from
said memory means (14) into a plurality of clusters at an interval of
10 a predetermined number of sectors, annexing to each of said clusters
a cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing the digital data of said cluster
by the interleaving operation;
15 recording means (3, 4) for recording digital data obtained from said
signal processing means (15) on said medium (2);
abnormality detection means (30) for detecting abnormalities in the
recording operation in said recording means {3, 4);
resetting control means (7) for inhibiting said recording operation
20 and for resetting said recording means (3, 4) from an abnormal  state
to a normal state in dependence upon detection of an abnormality by
said abnormality detection means (30);
memory control means {7) for performing a read-out control of said
memory means (14) for reading a predetermined amount of said recording
25 data on a cluster-by-cluster bgsis when an amount of said input
digital data stored in said memory means (1l) exceeds a present first
predetermined amount of data to maintain a writable space larger than
a second predetermined amount of data in said memory means (14); and
recording control means (7) for performing a recording position
30 control for continuously recording the digital data intermittently
read out cluster by cluster from said memory means (14) by said memory
control means (7) on a recording track of said medium (2).

2, Apparatus acéording to claim 1 wherein said memory control
35 means (7) performs a control operation for again reading out from
said memory means (145 those record data which could not be recorded,
after resetting of said recording means (3, 4} by a resetting control



S appar nmenory neans (14) for tenporarily storing input

di gi tallmunmm m‘!gmlfrom a continuous signal; sig P ] ans
(15) forsarramngl ng al data read out fromsaid ne ifto a
plurality of clusters at an interval of 10 a predetferhi ned nunber

sectors, annexing to each of said clusters a cluster-flilnkRrRFER o t hat
a linking portion to each cluster is |ongepsthan an |nterleaV|ng en t of
an'interleaving operation for said digital data, and{for pro

digital data of said cluster by the interleaving opeLaLLnn' 15 recor i ng

means (3, 4) fofroesaidiregectiigygicontoslt acaist §Tnhed from sai d signal ——

processi ng neans (15) on said nmedium (2);
for detecting abnornmalities in the recording operation in said recording

nmeans (3, 4);
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3. Apparatus according to claim 1 wherein said second
predetermined amount of data is in excess of an amount of input data
inputted to said memory means (14) during the time of resetting from
éhe non-recording state to the recording state.

&, Apparatus according to claim 3 wherein said first
predetermined amount of digital data corresponds to one cluster.

5. Apparatus according to claim 1 wherein said cluster-linking
sector is formed by dummy data not affecting the digital data in said
cluster, ’

6. Apparatus according to claim 1 wherein said one sector
corresponds to one block (98 EFM frames) of a compact disc.

7. Apparatus according to claim 1 wherein said abnormality
detection means (30) detects detracking and/or defocusing to check for
an abnormality in the recording operation.

8. An optical disc recording apparatus for recording digital

data on a disc-shaped recording wedium (2) by optical means, the
apparatus comprising:

memory means {(14) in which input data digitized from continuous
signals are sequentially written and from which the input data thus
written are read out as record data having & transfer rate higher than
the transfer rate of said digital data;

signal processing meens {15) for arranging digital data read out from
said memory means (1l) into a plurality of clusters at an interval of
a predetermined number of sectors., annexing to each of said clusters
a cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing the digital data of said cluster
by the interleaving operation;

recording means (3, 4) for recording digital data obtained by said
signal processing means (15) on said medium (2};

abnormality detection neans (30)
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to a normal state in dependence upon detection of an abnormality by
said abnormality detection means (30);

memory control means (7) for perfbrming a read-out control of said
memory means {1l4) for reading a predetermined amount of said recording
data on a cluster-by-cluster basis when an amount of data of said
input digital data stored in said memory means {14) exceeds a preset
first predetermined amount of data to maintain a writable space larger
than a second predetermined amount of data in said memory means (1li);
and

recording control means (7) for performing a recording position
control for continuously recording the digital data intermittently
read out cluster by cluster from said memory means (14) by said memory
control means (7) on a recording track of said medium (2).

9. Apparatus according to claim 8 wherein said memory control
means (7) performs a control operation for again reading out from said
memory means {1il) those record data which could not be recorded, after
resetting of said recording means (3, 4) by a resetting control by
said resetting control means (7), and wherein said memory control
means (7) performs a control operation for recording the record data
thus again read out at recording positions contiguous to the
previously recorded said record data.

10. Apparatus according to claim 8 wherein said second
predetermined amount of data is in excess of an amount of input data
inputted to said memory means (i‘%) during the time of resetting from
the non-recording state to the recording state.

11. Apparatus - according to claim 10 wherein said first
predetermined amount of digital data corresponds to one cluster.

1 .
12. Apparatus according to claim 8 wherein said cluster-linking
sector is formed by dummy data not affecting the digital data in said
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menory pse«record data which could not be riecorde

e

resetting of said recording neans (3, 4) by a resetting COE?PEB ;3 from
said resetting control neans (7). 3. Appar at us }jadcordi 1?% | &i m
1 wherein said second predeterm ned amo@At of datali s a
anount of input data 5 i nputted to said nmenory nean 14) during the tine
of resetting frog}]tt% non-recordi-ng state to the recording state. 7%
Apparatus accoffding 'to claim 3 wherein said first

13. Apparatus according to claim 8 wherein said abnormality

detection means (30} detects detracking and/or defocusing to check for
5 any abnormality in the recording operation.

14, Apparatus according to claim 8 wherein the recording

operation is inhibited on detection of the abnormality in 'the

recording operation by lowering the laser power of said recording
10 means {3, 4).

15, An optical disc recording apparatus for recording digital
date on a disc-shaped recording wmedium (2) by optical means, the
apparatus comprising:
15 memory means (14) for temporarily storing input digital data
compressed from a contiﬁuoué signal;
signal processing means (15) for arranging digital data read out from
said memory means {14) into a plurality of clusters at an interval of
a predetermined number of sectors, annexing to each of. said clusters
20 a cluster-linking sector so that a linking portion to each cluster is
longer than an interleaving length of an interleaving operation for
said digital data, and for processing digital data of said cluster by
the interleaving operation; .
recording means (3, 4) for recording digital date obtained by said
25 signel processing means (15) on said medium (2);
abnormality detection means {30} for detecting abnormalities in the
recording operation in said recording means (3, U);
resetting control means (7} for lowering a laser power of -said
recording means (3, 4) and for resetting said recording means (3, &)
30 from an abnormal state to a normal state upon detection of an
abnormality by said ebnormality detection means (30);
memory control means (7) for performing & read-out control of said
memory means (14} for reading one-cluster data on a cluster-by-cluster
basis when an amount of data of said input digital data stored in said
35 memory means (1) gxceeds the amount of said one-cluster-by-cluster
data to maintain a writable space larger than a second predetermined

amount of data in said memory means (14);
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formed by dummy data neot affecting the digital data in spid cluster. %5

6. Apparatus according to claim 1l wherein sald stiﬁggcggye pqgnds
to one block (98 EFM franes) of a conpact disc. 7. Appar at us
according to claim1l wherein said abnormalzgty det ecti gn neans ' ed¢ts
detracki ng and/ or defocusing to check for an abndromlity in the

recordi ng operation. 8. An optical disc recording apparatus for
recording di gi fetdordfig €shtolli S6ansN (T30 £o8C PeAFdIBLNE JaUeéaddiny POd1itdah

reans, he apparalup COMLLElNTie recRIIREY o Wgebdfaded YLERLERNS, 0202

digitized fro
read out cluster by cluster from said memory means (14) by said memory

control means (7) on a recording track of said medium (2); and

5 control means {7} for performing control of again reading out from
said memory means (14) those record data which could not be read out
due to an abnormality of the recording operation, after resetting of
said recording state (3, 4) to a normal state by a resetting control
by said resetting control means (7)., said control means (7) also

10 performing a control of recording said record data again read out in
recording positions contiguous to the record data preceding said
record data which could not be recorded. h

16. -Apparabus according to claim 15 wherein said cluster-linking
15 sector is formed by dummy data not affecting the digital data of said
cluster.
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are read out as record data having a transfer rate hi gtﬁéﬁ’;ﬁhé}%

rate of said digital data; signal processing neans (15) #for a‘?rangl ng
digital data read out from 30 said nenory neans (14) L WJ( y
clusters at an interval of a predeterm ned nunber of s nex

t

each of said clusters a cluster-linking se2fTor so that .._L-l-nkmg-—p-e-r-t—i--oﬁ

each cl uster

operation for said digital data, and for processing thedirgirtar—data or=

is longer than an interleaving |l ength of j|an interleaving

said cluster 35 by the interleaving op@®BEIBAE: recording neans (3, 4) f
recording digital data obtained by said signal processing neans (15) on
said nmedium (2);
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OPTICAL DISC RECORDING APPARATUS

A recording apparatus for recording digital data on an
optical disc (2) comprises a memory means (14) for storing input
digital data compressed from a continuous signal, a signal encoder
(15) for arranging data read out from the memory (14) into a plurality
of clusters at an interval of a predetermined number of sectors,
annexing to each cluster a cluster-linking sector and interleaving the
data of the cluster, a recording device ({3, 4) for recording the
encoded digital data on the disc (2), an abnormality detection circuit
(30) for detecting abnormalities in the recording operation, and a
controller {(7) for inhibiting recording upon detection of an
abnormality for performing a read-out control of the memory (14) for
reading a predetermined amount of data on a cluster-by-cluster basis
to maintain a writable space larger than a predetermined amount, and
for perfbrming & recording position control for continuously recording
the digital data intermittently read out cluster by cluster from the
memory means (14).

Figure 1

or



24 abnormality detection neans (30) for detecting abnormalities in the
recordi ng operation in said recording neans (3. 4); reset @ Kﬁﬁﬂ@@T HEET.

(7) for inhibiting said recording operation and for reset

recording neans (3, 4) froman abnornmal state 5 to a no stat e 1=y
dependence upon detection of an abnormality by said abnor |Qy ¢$§¥1ﬂ9 on
means (30); menory control neans (7) forlfferfornming a redd-jout o

said nenory neans (14) for reading a predeternm ned anount '
data on a cluster-by-cluster basis when an anount of datq.Qf said 10

I nput digital data stored in said nenory neans (14) exceeds a preset frest .

predeterm ned anount of data to maintain a witable space |arger than a
second predeterm ned anount of data in said nmenory neans (14); '
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and recording control neans (7) for performng a recor%g?ﬁéﬁgg
control for continuously recording the digital data in :

cluster by cluster fromsaid nenory neans (14) by saig any cont rol

(7) on a recording track of said nmedium (2). 9. pap & ppRagepr di hg
to claim8 wherein said nenory control 20 means (7) {perforns a contgo
operation for again reading out fromsaid gfnory neans ( r

data which could not be recorded, after resetting of gaid recordi ng neahs
(3, 4) by a resetting control by said resetting control neans (7), and
wherein said nenory control nmeans (7) perforns a control operation for
recording the record data 25 thus again read out at recordi ng positions
contiguous to the previously recorded said record data. 10. Appar at us
according to claim 8 wherein said second
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predeterm ned anount of data is in excess of an anount of

I nput data 30
I nputted to said nenory neans (14) during the tine of.resetting fromthe

non-recording state to the recording state. 11. AfreiINg
to claim 10 wherein said first predetermned a L%Kgmﬂﬁgfﬂ At a
corresponds to one cluster. 35 12. Appar at us adc rdig% to clairh§
wherein said cluster-linking sector is forned by du d2taFEBt196Y f cti ng
the digital data in said 25 cluster. Bde Apgarlatus_accordi ng to
claim8 wherein said abnormality
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detection neans (30) detects detracking and/ or defQG4s
any abnormality in the recording operation. 14. 4 A ¥ agacdr di ng
toclaim 8 wherein the recording operation is {iphibited on det ecti on
of the abnormality in the recording operation by Iwnrlzﬁﬁ%qa ‘
of said recording 10 neans (3, 4). 15. An op 'éELBQLiﬁwLQQQ ing
apparatus for recording digital data ﬂp a di sc-shape recordlng nedy
by optical neans, the apparatus conp 1sing: 15 nefory. =YalSRss
tenporarily storing input digital data conpressed fron1a contlnuous
signal; signal processing neans (15) for arranging digital data read out
fromsaid nenory neans (14) into a plurality of clusters at an interval of
a predeterm ned nunber of sectors, annexing to each of said clusters
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20 a cluster-linking sector so that a linking portion , to each cluster is
| onger than an interleaving | ength of an interleaving opgr at i'op for ¥
digital data, and for processing digital data of said clusierbyuLhehr
i nterl eaving operation; recording neans (3. 4) for recordin g:tal daﬁ
obt ai ned by said 25 signal processing neans (15) on sald

abnormal ity detection nmeans (30) for detecting abnornaliities |n the
recording operation in said recordi ng neans gﬁ, 4); résettlng contt ol
(7) for lowering a |aser power of said recording neans—(B -4) and .for.__
resetting said recording neans (3, 4) 30 froman abnormal state to a
normal state upon detection of an abnornmality by said abnormality detection
means (30); nmenory control neans (7) for perform ng a read-out control of
said nenory neans (14) for reading one-cluster data on a cluster-by-cluster
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basi s when an anmount of data of said input digital data stored in said 35
menory neans (14) exceeds the anmpbunt of said one-cluster-by-cluster data to
maintain a witable space larger than a second predeternm ned amount of data

in said menory neans (14); 26 recording control nedas
a recording position control for continuously recordi &=
intermttently read out cluster by cluster fromsaid
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due to an abnormality of the recording operation, after resetting of said
recording state (3, 4) to a normal state by a resetting control by said
resetting control nmeans (7). said control neans (7) also 10 performng a
control of recording said record data again read out ggnf g‘g.g.fr_i'jgg;‘- Lt i ons
contiguous to the record data preceding said record ¢ _di‘-_!gﬁh'?fco&}EE ot be
recorded. 16. Appar at us accordi ng to,,gl aim 15 erein said ™
cluster-linking 15 sector is forned by dumry data nat Iaf@g:p’gaqgé-;l;}di gital
|

data of said cluster.
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