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ter of g&igmﬂpge@mg@dvmtgqtﬁ dapgeter of 8 cm (so-called CD single)

been propose However, with a disc

An optical 'disc may have a recording capacity larger by two
or 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 optlcal'

disc is the so-called compact disc (CD).

To provide a portable and, above all, a pocketable headphone
stereo or similar recording/reproducihg 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 diemeter. 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 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
addition, with this CD-DA format, recording by the user is not
feasible. In addition, a conl;actless 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
defocusing on the reproducing operation.

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

The optical pick-up device is similarly subject to detracking or
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Table 1
levels sampling number of | bandwidth | playback time
. frequency | bits for . (stereo/
10 quantiza- monaural)
tion .
A 37.8 kHz 8 17 kHz 2/4
B 37.8 KkHz 4 17 KHz 4/8
15 C 18.9 kHz 4 8.5 kHz 8/16

When reproducing a disc recorded with, for example, the level
B mode, signals obtained by 4-fold bit compression of standard CD-DA
Thus, if all of the recorded
_ 20 data are stereophonic audio compressed data, playback time increases

format digital signals are reproduced.

4-fold, or reproduction of 4-channel data, becomes feasible, so that

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

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

25 driven at the same linear velocity as that for the standard CD-DA

format, so that continuous audio compressed data are reproduced at a

rate of one unit to n recorded units on the disc, where n is a figure

corresponding to the playback time or the bit compression rate of

' This unit is

30 termed a block or sector, which is made up of 98 frames and has a

data, and is equal to 4 with the level B stereo mode.

period of 1/75 second. Therefore, with this level B stereo mode, a

data string in which one of U4 sectors is an audio sector, such as:
SbDDSDDD...

where S is an audio sector and D is another sector or sectors, is

recorded on a sector-by-sector basis on the disc. However, for actual

recording, since the above data string undergoes a predetermined

encoding similar to that for ordinary CD format audio data, such as
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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 S4 are cyclically arranged; that is a data
string: -

S1 s2 s3 sh si1 s2 s3 sk ...
is encoded and recofded 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
correspondihg to the audio sec_{:or 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
St are reproduced from the innermost to the outermost areas of the
disc to enable data reproduction for a 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 1is, 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 signals of previously recorded
sectors. Thus it is extremely difficdlt to record continuous
compressed audic data.

Moreover, it is desirable to permit switching selection’
between the above-mentioned compression modes, because then the usage
of the recording/reproducing apparatus can be significantly increased.
However, if it is necessary to change the rotational velocity of the
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complex and it is difficult to make an inexpensive apparatus. It is
therefore preferred that changes brought about in control operations.
recording patterns, or signal processing operations as a result of the
different compression modes, be as small as possible.

According to the present invention there is provided a disc
recording apparatus for recording time compressed digital data on a
disc-shaped recording medium, the apparatus'comprising:
storage means for temporarily storing said digital data; and
means for arranging said digital data read out from said storage means
into a plurality of clusters at an interval of a predetermined number
of sectors, annexing cluster-linking sectors at linking portions of
each of said clusters, each of said cluster-linking sectors being
longer than an interleaving length for said digital data, subsequently
processing the digital data within each of said clusters by
interleaving, and recording interleaved data on said medium.

According to the present invention there is also provided a
disc reproducing apparatus for reproducing record data continuously
recorded on a disc-shaped recording medium, the apparatus comprising:
reproducing means for reproducing record data which record data are
time compressed digital data previously arranged into a plurality of
clusters at an interval of a predetermined humber of sectors, to which
have been added cluster-linking sectors so that a cluster-linking
portion is of a length longer than an interleaving length for said
aigital data, and which have been recorded on said medium after
interleaving said digital data in said cluster;
storage means for deinterleaving playback data from the apparatus and
storing digital data from which said cluster linking sectors have been
removed;
time expanding means supplied with said digital data intermittently
read out from said storage means and outputting said digital data as
time-expanded output signals; and

" control means for effecting writing control of said storage means so

that, when an amount of said digital data stored in said storage means
becomes lower than a predetermined amount of data, said record data

are started to be reproduced to write the reproduced -data in said

t he

in the following Table 1 are prescribed as
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According to the present invention there is also provided a
disc reproducing apparatus comprising reproducing means for
reproducing a disc-shaped recording medium on which are recorded
compressed digital data arranged into a plurality of clusters at an

10 interval of a predetermined number of sectors, provided with cluster-
linking sectors each longér than an interleaving length at linking
portions of each of said clusters, and subsequently interleaved,
storage means for transiently storing playback data from said
reproducing means, and control means causing said playback data to be

15 written when the data volume of said playback data stored in said
storage means is less than a predetermined volume, so that a read-out
space in excess of a predetermined data volume is maintained in said

storage means.

The storage means minimizes changes in the
20 recording/reproducing operation due to the difference in the
compression  modes, while absorbing fluctuations in the
recording/reproducing operation caused by mechanical vibration.
During recording, record data are written in said storage means at a
data transfer rate conforming to the prevailing compression modes and
25 are read out interniittently. that is, in a burst fashion, at a
predetermined standard data transfer rate, so as to be recorded on the
disc-shaped recording medium, During reproduction, data are
reproduced intermittently, that is in a burst fashion, from the disc-
shaped recording medium at the predetermined standard data transfer
30 rate and are written on said storage means so as to be read out at a
data transfer rate conforming to the prevailing compression mode.
Recording on the disc-shaped recording medium is made on a
cluster-by-cluster basis. Since a cluster-linking sector longer than
an interleaving length is provided between adjoining clusters,
35 recording may be made so as to be inclusive of the cluster-linking
sectors to eliminate the effects of interleaving on neighbouring

clusters.

-
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cluster-by-cluster basis, without the necessity of taking the effects
of interleaving on other clusters into account, so that processing as
well as re-recording in the case of a recording failure may be
facilitated.

For reproduction, drop-out of playback data by the cluster-
linking sectors may be buffered by provision of a memory means for
temporary storage of playback dafa. 80 as to enable continuous
playback data to be obtained from the memory means.

The present invention is preferably applied to an apparatus
for recording and reproducing bit compressed data (time compressed
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 1is a block diagram of an optical disc
recording/reproducing apparatus according to the present invention;

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

Figure 3 shows an example of a data sector or block;

Figure Y4 shows the contents of a sub-header;

Figure 5 shows a data arrangemeﬁt in one sector of the CD-I
format;

Figure 6 shows a format for a frame and a block (sector) in
the so-called CD standard;

Figure 7 shows a data format employed in the apparatus of
Figure 1; '

Figure 8 shows a memory-controlled memory in a recording
system of the apparatus of Figure 1; and

Figure 9 shows a memory-controlled memory in a reproducing
system of the apparatus of Figure 1.

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 disec 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

| By WG R1aOB&n Rbpltecsect or s i s an audio sector, such as: SDDDSDD
rmﬂ“ || ‘o sector and D is another sector or sectors,
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I nfer nost {:}Qe Soﬁéheéms.t areas of the disc. Channel 3 data correspondi ng

toft he next audro sector S3 are reproduced fromthe innernost to the
ouler nost ar eas ofThe optical head 3 comprises a laser light source, such as a

5 laser diode, optical components, such as a collimator lens, an
objective lens, a polarization beam splitter or a cylindrical lens,
and a split photodetector, although these device are nbt'shown. and is
arranged to face the magnetic head # with the disc 2 in-between. For
recording data on the disc 2, the optical head 3 irradiates a laser

10 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 ié driven by a head driving circuit 16 of the recording
system which will be explained subsequently. The optical head 3

15 detects a laser light irradiated on and reflected by the tai"get track
for detecting the focusing error by a so-called aétigmatic meth'od.. as
well as detecting the tracking error by a so-called push-pull method.
When réproducing data from the disc 2, the optical head 3 detects the
difference of a polarization angle (Kerr rotation angle) of the

20 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

25 transmits the extracted signals to a servo control circui£ 6 while
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.

The servo control circuit 6 comprises a focusing servo

30 circuit, a tracking servo circuit, a 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 optic:al 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 conﬁrols the motor 1
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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. _ _

To the system controller 7 are connected a key input

10 operating unit 8 and a display 9. The system controller 7 controls
the recording systém 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 g sector-by-sector
address information reproduced from. the recording track of the disc 2
15 by the header time or sub-Q data, the recording position as well as
i the reproducing position on the recording track traced by the 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
20 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 ratioc and the reproducing

25 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
recording track of the disc 2 with the head time or sub-Q data, is
multiplied by a reciprocal of the data compression ratio in the bit
30 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 may be read during recording and multiplied by the
35 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
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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
5 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
10 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 a memory 14. The data transfer rate with the
B-level stereo mode is reduced to 1/4 of the standard data transfer

15 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

20 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

25 switchingly controlled as a function of the switchingly controlled
sampling frequencies of the A/D convertér 12, That is, the sampling
frequency of the A/D converter 12 and the cut-off frequency of the
low-pass filter 11 may be simultaneously controlled in dependence upon
the compression modes.

30 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

35 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
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interleaving operation, and hence the sectors are recorded
continuously as later explained. Such recording is performed in a
burst fashion (discontiquously) at a standard data transfer rate of 75
sectors/second, by taking advantage of a quiescent period 6f 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/éecond. 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
with each recording is composed of a plurality of, for example 32
sectors, and a few cluster-linking sectors arrayed before and after
the cluster. The cluster-linking sector has a length longer than the
interleaving length at the encoder 13, so that, even when the sector
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 2.

The encoder 15 processes the record data supplied in a burst
fashion from the memory 14 with an error correcting coding operation,

such as by parity addition or interleaving, or 8-to-14 modulation

each of said cluster-linking
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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

10 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
deéignating the record position on the recording track of the disc 2

15 are supplied to the servo control circuit 6.

The reproducing system in the disc recording/reproducing -

apﬁaratus will now be explained.
The reproducing system reproduces the record data
continuously recorded by the above-described recording system on the
20 recording track of the disc 2, and is provided with the decoder 21, to
which is supplied a playback output, which has been generated by the
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
25 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
reprdduces the above-mentioned B level stereo mode ADPCM audio data at
a transfer rate of 75 sectors/second, which is faster than the normal
30 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 that the playback data supplied from
35 decoder 21 at a transfer rate of 75 sectors/second are sequentially
written at the transfer rate of 75 sectors/second. Also the playback

data intermittently written at the transfer rate of 75 sectors/second
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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, and stopping
writing to prevent overflow of data stored in the memory 22.

The system controller 7 performs, besides the above-mentioned
writing and read-out control for the memory 22, a reproducing position
control for the recording track of the disc 2, in such a manner that
the playback data written by the above-mentionéd memory control in the
memory 22 are written therein continuously. The reproducing position
control is performed by supervising a reproducing position on the disc
1 of .t;he above-mentioned playback data read out in a burst fashion
from the memory 22 by the system controller 7, and by supplying a
controi signal designating the reproducing pqsition- 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.

The ADPCM decoder 23 is associated with the ADPCM encoder 13
of the recording system. The ADPCM decoder 23 has its operating mode
designated by the system controller 7. With the present apparatus,
the B-level stereo mode ADPCM audio data are expanded by a factor of
4 for reproducing the CD-DA mode 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 audio data supplied
from the ADPCM decoder 23 to be converted into an analogue audio
signal Ay, which is supplied via a low-pass filter 25 at an output
terminal 26.

The reproducing system of this 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 audio signal D,.

The disc 2 employed in the above-described apparatus

nmeans so 35 that, when an anount of said digital

sto ’ i
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orage means becomes | ower than a predeternm ned anount
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5 size of apparatus, it is preferred to use a disc outside diameter of

8 cm or less. In addition, a track pitch of 1.6 pm and a linear
velocity of 1.2 to 1.4 m/second, similar to those of a compact disc,
are preferred. For satisfying these conditions, the disc outside
diemeter may be 64 mm, the outside diameter of a data recording region
10 may be 61 mm, the inside diameter of the data recording region may be
32 mm, the inside diameter of the lead-in region may be 30 mm, and a
centre hole diameter may be 10 mm. By having the disc accommodated in
a disc caddy (cartridge) of 70 x 74 mm in size and presented to the
market in this state, it becomes possible to record and reproduce the
15 disc by a pocket-size recording/reproducing apparatus. The inside and
outside diameters of the disc recording region for enabling recording
and/or reproduction for 72 to 76 minutes with the above-mentioned 1/4
data compression mode may be suitably selected within the range of the
outgide diameter of 60 to 62 mm for the inside diameter of 32 mm and
20 within the range of the outside diameter of 71 to 73 mm for the inside

diameter of 50 mm.
The recording/reproducing operation. of the above apparatus
will now be explained in more detail.
The record data, that is data read out from the memory 14, is
25 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 five linking sectors
L1 to L5 are arranged between these clusters C for linking the

- 30 adjoining clusters. For recording a cluster, such as a K'th cluster
Cy,» the 32 sectors BO to B3l of the cluster C;, and the linking
clusters ahead of and following the cluster C,, namely the three
sectors L3 to L5 towards the cluster C,_, (run-in blocks) and the three
blocks L1 to L3 towards the cluster Cg.;+» making a total of 38 sectors,

35 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
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or $0N@ffettidg the remaining clusters Cy, or Cy,,. Meanwhile, dummy data,
such as 0, are arrayed in the linking sectors L1 to L5 to avoid
adverse effects which interleaving might have on the data per se.
When recording the next cluster Cy,,, three sectors L3 to L5 of the
five lihking sectors L1 to L5 between the current cluster and the next
10 cluster C,,, are used as the run-in blocks, so that the sector L3 is
recorded superfluously. However, this causes no inconvenience. The
sector L3 of the run-in block or the sector L3 of the run-out block
may be 6mitted.
: By recording on the cluster-by-cluster basis, there is no
15 necessity to take interference with the adjoining clusters by
' interleaving into account, so that data processing may be simplified
significantly. On the other hand, if the record data should be unable
to be recorded normally due to malfunctions, such as defocusing,
detracking, etc, re-recording may be made on the cluster-by-cluster
20 basis and, if the record data cannot be reproduced effectively, re-
reading may be effected on a cluster-by-cluster basis.

Meanwhile, each sector or block consists of 12 synchmniging
bits, 4 header bytes and 2336 bytes of data per se DO0O1 to D2336,
errayed in this order on the time axis, making a total of 2352 bytes.

25 This sector or block array is represented as a two-dimensional array,
&s shown in Figure 3, wherein the 12 synchronization bits consists of
e first byte OOH, 10 bytes FFH and a 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 block, each one byte, and a
30 mode data byte. These mode data mainly indicate a CD-ROM mode, while
& sector structure shown in Figures 2 or 3 corresponds to mode 2 of
the CD-ROM format. CD-I is a standard employing mode 2, and the
cantents of the data DOOO1 to DOOO1 are prescribed as shown in Figure
4. _
35 Figure 5 shows forms 1 and 2 of the CD-I standard, in which
2 synchronizing bits and 4 header bytes are the same as those of the
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are prescribed as shown in Figure 4 wherein data DOOO1 and DOOO5 are
file numbers, data DO00O2 and DOOO6 are channel numbers, data DO0O3 and
DOO0O7 are sub-mode data and data DOOO4 and DOOO8 are data type data.
The data DOOO1 to DOOO4 and data DOOO5 to DOOO8 are the same data

written in duplicate. The next 2328 bytes consist of 2048 user data

bytes, four error-detecting bytes, 172 P parity bytes and 104 Q parity
bytes, for form 1 of Figure 5A. This form 1 is used for recording
letter data, binary data and high compression video data. The 2328
bytes for form 2 of Figure 5B consist of 2324 user data bytes,
downstream of the sub-header data, and the remaining 4 reserve data
bytes. This form 2 is used for recording compressed audio data or
video data. In the case of the 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 6.

Referring to Figure 6, each block or sector consists of 98
frames of 1st to 98th frames, with each frame being 588 times a
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), and a data part of SU4T (for audio
data and parity data). The 544T 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 formed 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 channel P to W being constituted by 96 bits for
the third to 98th frames.

The above-mentioned audio data, recorded after interleaving,
are deinterleaved during reproduction into audio data of a data array
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The“present invention is preferably applied to an
recordlng and reproducing 4§t conpressed data (tine
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15 reference to the acconpanyi ng draw ngs, throughout which |ike
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a r@ording unit; 2Q0feanwhile, disilﬁngtﬂa@asommm emeDecoofrexate@aw imect or
g ock; the disc recording/reproducing apparatus shown in Figure 1, are data
5 similar to those of the CD-DA format, that is the audio PCM data with
the sampling frequency of 44.1 kHz, the number of quantization bits
equal to 16 and a data transfer rate of 75 sectors/second. 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
i 10 converted into data with a sampling frequency of 37.8 kHz and the
number of quantization bits is compressed to 4 bits. Thus the output
data ére the ADPCM audio data having the data transfer rate reduced to
1/4. or to 18.75 sectors/second. The B level stereo mode ADPCM audio
data. continuously outputted at a transfer rate of 18.75
15 sectors/second from the ADPCM encoder 13, are supplied to the memory
14,

Referring to Figure 8, the system controller 7 controls the
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

20 continuously to write the ADPCM audio data in the memory 14 at a
transfer rate of 18.75 sectors/second and, when the data amount of the
ADPCM audio data stored in the memory 14 exceeds a predetermined
amount, 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

25 predeternined amount 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.

That is, in the recording system of the apparatus of Figure
1, the ADPCM audio data continuously outputted at the transfer rate of

30 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 data amount of the ADPCM data stored in the
memory 14 exceeds a data amount corresponding to one cluster, one-
cluster data of the ADPCM audio data is read out from the memory 14 at

35 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 assured
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7. the record data read out in a burst fashion from the memory 14 can

) eiﬁgtents of a sub-header; Figure 5 shows a data

be recorded consecutively on the recording track on the disc 2. Since

5 a data write region in excess of a predetermined amount :l.s' maintained
in the memory 14, data can be continuously written in the data writing
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 interrupt a recording operation on the

: 10 disc 2, and the reset 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.

Meanwhile, header time data corresponding to the physical

address of the sectors are annexed to the ADPCM audio data on the

15 sector;by-sector basis, and recorded on the sector-by-sector basis on
the disc 2. Table of contents 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
‘syst.em controller 7 controls the memory 22 in such a manner that, as

20 shown in Figure 9, the write pointer W of the memory 22 is incremented
at a transfer rate of 75 sectors/second to write the reproduced data
in the 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

25 data from 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, so that, when the write
pointer W catches up with the read pointer R, writing is discontinued.
When the data amount of the playback stored in the memory 22 is lower

30 than the predetermined amount L, writing is started again.

‘Thus, with the above described reproducing syste_m of the disc
recording/reproducing 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

35 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
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*he optical head 5 for photonmagnetically reproducing the recorded dat a.
optical head 3 conprises a |aser |ight source, such as a | aser diode,
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while the data read-out region in excess of the predetermined amount

L is perpetually maintained within memory 22. Also the playback data
intermittently written in the memory 22 may be continucusly reproduced

5 from the recording track on the disc 2 by controlling the reproducing
| position on the recordingltrack of the disc 2 by the systenm controller
7. In addition, the data read-out region in excess of the
predetermined amount L is perpetually maintained in the memory 22, as
- described previously, so that, even when the system controller 7
10 should detect the occurrence of a track 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 data amount to
continue the outputting of the analogue audio signals, while the
1§ resetting operation may be executed in the interim.

It is to be noted that the present invention is not limited
to the above described embodiment. For example, although the above
disc recording/reproducing apparatus has been explained in connection
with recording and/or reproduction of the B level stereo mode ADPCM

20 audio data, recording and/or reproduction may be performed similarly
of the ADPCM audio data of other modes of other CD-1 systems. The
method of data compression is also not limited to ADPCM., The number
of sectors constituting a cluster is not limited to 32, but a cluster
may be composed of any other number of sectors, such as 64 sectors.
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storage means (14) for temporarily storing said digital data, and
means (15) for arranging said digital data read out from said storage .
means (1) into a plurality of clusters (C) at an interval of a
predetermined number of sectors, annexing cluster-linking sectors at

10 linking portions of each of said clusters (C), each of said cluster-
linking sectors being longer than an interleaving length for said
digital data, subsequently processing the digital data within each of
said clusters (C) by interleaving, and recording interleaved data on
said medium (2).

15 _
2. Apparatus according to claim 1 further comprising control
means (7) for controlling read-out of said storage means (14) so that,
when the amount of said digital data stored in said storage means (14)
exceeds a first predetermined amount of data, said first amount of

20 digital data is continuously read from said storage means (14), so as
continuously to maintain a writing space in excess of a second
predetermined amount of data in said storage means (14);
said control means (7) also controlling a recording means (16) so that
said first predetermined amount of data of record data read out

25 intermittently from said storage means (14) is continuously recorded

on a recording track on said medium (2).

3. ' Apparatus according to claim 2 wherein said control means (7)

performs a control operation so that, when said recording means (16)
30 becomes unable to record data, read-out of the record data from said

storage means (14) is discontinued and said recording means (16) is

reset to its recording state, said control means (7) causing the

unrecordable record data to be read out again from said storage means

(14) for recording continuously with the record data preceding said
35 unrecordable data.

L. Apparatus according to claim 3 wherein said second




: fmsél optical head 3 is supplied to an RF circuit 5. The RF

ing error signal and the tracking error signal
-out ' cal head 3 and transmts the extracted signals
0C 6 while 25 converting the reproduced signals

espondi ng binary signals and su ying the binary signals to a
1 of the-reproducing system which will be explained subsequently.
vo control circuit 6 conprises a focusing servo 30 circuit, a
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ontrol circuit, g these circuits are not shown f ocusi ng
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head giste tha rbbsrding wthbd, error signal will be reduced to zero.
cki ng servo
5 b5. Apparatus according to claim 3 wherein said second
predetermined amount of data corresponds to an amount of data for one
cluster (C).

6. Apparatus according to claim 1 wherein séid cluster linking
10 sector is formed by dummy data not affecting digital data in said
cluster (C). '

7. Apparatus according to any one of the precedi;ig claims
wherein one sector corresponds to one block or 98 8-to-14 modulated
15 frames of a compact disc.

8. A disc reproducing apparatus for reproducing record data
continuously recorded on a disc-shaped recording medium (2), the
apparatus comprising:

20 reproducing means (3) for reproducing record data which record data
are time compressed digital data previously arranged into a plurality
of clusters (C) at an interval of a predetermined number of sectors,
to which have been added cluster~linking sectors so that a cluster-
linking portion is of a length longer t;han an interleaving length for

25 said digital data, and which have been recorded on said medium (2)
after interleaving said digital data in said cluster {(C);
storage means {22) for deinterleéving playback data from the apparatus
and storing digital data from which said cluster linking sectors have
been removed;

30 time expanding means (23) supplied with said digital data
intermittently read out from said storage means (22) and outputting
said digital data as time-expanded output signals; and
control means (7) for effecting writing control of said storage means
(22) so that, when an amount of said digital data stored in said

35 storage means (22) becomes lower than a predetermined amount of data,
said record data are started to be reproduced to write the reproduced

data in said storage means (22) so that said predetermined amount of
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'” ﬂﬂﬁ%&kﬂ% cutes tracki ng control of the optical systemof the

tracklng error signal wll be reduced to zero.
,ndl ntroI circuit controls the notor 1 8 for
onal dISC 2 at a predeterm ned rotational velocity,

at a constant | i near velocity. TBhe thread servo control circuit
the optical head 3 and the magnetic head 4 to be noved to a target
position on the disc 2 designated by the 5 system control ler 7.
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medium (2) so that reproduced data intemittently written in said
- memory means (22) is continuously reproduced from the recording track
5 on said medium (2). '

9. Apparatus according to claim 8 wherein said control means (7)

detects that said reproducing means (3) is in a non-reproducing state

to terminate writing of digital data iix said memory means {22), to
10 reset said reproducing means (3) to a reproducing state, said control
g means (7) then operating to reproduce un'reproduced playback data from
': said medium (2) again to write said reproducéd unreprdduced playback
data is said memory means (22) continuous ﬁith prior playback data.

15 10. Apparatus according to claim 9 wherein said predetermined
amount of data stored in said storage means (22) is in excess of an
‘ amount of digital data read out from said storage means (22) during

resetting from said non-recording state to said recording state.
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system controller 7. To the systemcontroller 7 are connected a k%%
0 operating unit 8 and a display 9. The systemcontroller 7

the recording system and the reproducing systemw th the operating
flesi gnat ed by operating input information fromthe key unit 8. The

i control l er 7 supervises, on the Rasis of a sector-by-sector address
fmat i on reproduced fromthe recording track of the disc 2 15 by the

r tinme or sub-Q data, the recording position as well as the

duci ng position on the recordi ngABSIRAGL t r aced by the optical head 3
'he magnetic head 4. The systemcontroller 7 causes a bit conpression
to be displayed on the dISl|a 9 on the basis of bit conpression node
: s BRIO NG AdiPARY uit 5 by means of

B in the reproduced 842 lirBnedall SrrRGRUCENG AGPARMY
-4br oduci ng systen1as Iater descrlbed or of bit conpression node data in

papt I‘jve differ entd isc recoréfﬁg apparatus records digital data by an optical

n head (3) such that time compressed digital data are arranged into a
plurality of clusters (C) at an interval of a predetermined numbe_i of
sectors, a cluster-finking sector having a length longer than an
interleaving length is provided at each linking part of each cluSter

10 (C), and the digital data are subsequently interleaved and recorded on

"j, a disc-shaped recording medium (2) so that interleaving at the time of
data recording on a cluster-by-cluster basis is within the range of
the cluster-linking sector. There is also disclosed a disc
reproducing apparatus for reproducing digital data so recorded.

15
Figure 2
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1t 30 conpression node (4 in the case of 1/4 conpression) to find an

1 time information for display on the display 9. It is noted that, if

'ute tinme information has been recorde r efor mat dl_on a recording
of a magnetg-opti &l disc, the preformat & abso time information
pe read during i ng and mul tiplied by tRe 35 eci procal of the
conpression ratia_tlg cause displ ay ofughe_ ™
1 & 5
-t ‘ 4
<5
\ =a
'- k! f
; Y Qj 0)) o
? 1 . M=
=) >
o 28 | Wl |o 2ol —m
Qg - X Q > a0 N
| c o
N
= = N
ST & [T E - 2 | N -
: a
| | ! 0
o = —
i 1
o Q j -~
e w
5 a
‘ Y
o -
= Ok
9""5255 ——tp ~ S 1—o
IS
~ -1 ] 0 “8

e

heet Has Been Replaced

o



al audi o data quanti zed

s in the CD-1 system sho

Nt position in the formof the actual

onprises an A/D converter 12 to which an
f| is supplied froman input ternppal
The A/ D converter 12 quantizes the audio signal Alerr].
i data obtained at the A/ D converter
der 13. The ADPCM encoder

fromthe audi o signal

M in Table 1, and has
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12 is transmtted to 5
13 processes the standard transfer
Alerr] by the A/D

erter 12 by a data conpressing operation in conformty with the various

MODE
(1 BYTE)

BLOCK
(1 BYTE)

BLOCK ADDRESS

SEC
(1 BYTE)

MIN
(1 BYTE)

recording tinme. The apparatus

9 anal ogue audi o si gnal

10 by way of a | ow pass filter
The digital

t he ADPCM

FIG.2




ati ng node designated by the systemcontroller 7. For 10
, inthe B-level node of Table 1, the digital audio data are
sed into conpressed data (ADPCM i o data) having a sanpling
ncy of 37.8 kHz, with the nunber of bits per sanple equal to 4 before
supplied to a nenory 14. The data transfer rate with the B-1evel
o node is reduced to 1/4 of the standard data transfer 15 rate of 75
rs/second, or 18.75 sectors/second. In the enbodiment of Figure 1, it
sumed that the sanpling frequency of the A/D converter 12 is fixed at
anpling frequency of the standard CD-DA format, or 44.1 kHz, and that,
e ADPCM encoder 13, bit conpression from1l6 bits to 4 bits is

r4br med 20 after conveggeypn of the sanpling rate in conformty wth
eg@onpressi on node, ﬁe*—e*aﬁpﬂe, from44.1 kHz to 37.8 kHz for |evel B.
t@natively, the sanm#%ag—#+eqpcncy of—fhe—A-b—eghrverter—1?2 itself
| OOH FFH FFH FFH
FFH FFH : FFH FFH
FFH FFH ~  FFH OOH
MIN SEC BLOCK MODE
D0001 | D0002 D0003 D0004
DO00S | DOO0O6 | DO0007 D0008
D0009 . D0010 -. D0011 Do012
|
D2329 D2330 D2331 D2332
D2333 D2334 D2335 D2336
FIG.3
D0001 D0002 | ppgo3 D0004
N R CANNEL SUBMODE | DATA TYPE
D000S D000G D0007 00008
NUMBER COMNEL | SUBMODE | DATA TYPE
FIG.4

\
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e switchingly controlled as a function of the conpression nodes. In

B case, the cut-off frequency of the lowpass filter 11 is also 25
jchingly controlled as a function gjsthe switchingly controlled sanpling
uenci'es of the A/D converter 12. at is, the sanpling frequency of the
‘converter 12 and the cut-off frequency of the |lowpass filter 11 may be
Il taneously controlled in dependence upon the conpressi on nodes. 30
menory 14 is used as a buffer menory in which data witing and read-out
: ‘controlled by the systemcontroller 7, and which transiently stores
_Z'An CM audi o data supplied fromthe ADPCNIencoder 13 for recording on the

¥ 1 as the occasion diy d¢ma That 19, he B-level stereo node, the
cofressed audio data 35| sypgl dd fron1theﬁh CM encoder 13 has its
tr@nsfer rate reduced to|l/4 oE;g e standgdr E;p a transfer rate of 75
seg@t ors/second, or to = Qo
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®. 75 sectors/second, these conpressed data being continuously witten
fle nenory 14. Although it suffices to record the conpressed data (ADPCM
. at a rate of every 4 sectors, as explained above, it is practically
jssi ble to record the data at thissfﬁle in view of the 5 i nterl eaving
dtion, and hence the sectors are recorded continuously as |ater
fai ned. Such recording is perfornmed in a burst fashion (discontinuously)
. standard data transfer rate of 75 sectors/second, by taking advant age

. qui escent period of the tinme- conpressed data, with a cluster,

bosed of a predeterm ned nunber 10 of, for exanple, 32 plus a few

seg@ors, as a recording unit. That is,
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e nenory 14, the B-level stereo nbde ADPCM audi o data whi ch has been

huously written at the |ower transfer rate of 18.75 (= 75/ 4)

ir s/ second confornming to the data conpression ratio, is read-out as

¥d data in a burst fashion at theeéaljove-nentioned transfer rate 15 of

bct ors/ second. The overal | data transfer rate of the data read out and

Fded in this way, inclusive of the non-recording period, is a |ower

rof 18.75 sectors/second. However, an instantaneous data transfer rate

in the tine of the burst-like recording operation is equal to the

Je- nentioned standard rate of 75 20 sectors/second. Therefore, if the
gti onal vel ocitgqof the~disc is the same as that of the standard CD-DA

forlat, that is, onst an recording is nade at the sane

' rding density T pattern as those of the CD DA

Jat. The ADPCM

123
FIG.?

RECORD
DATA
RECORD DATA
ON RECORDING
TRACKS
SECTOR NO.

0Oo0a000an00 a0 0O

B

DATA VIR RUAABINA §

CD-DA
ADPCM
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Eashion at the transfer rate of 75 sectors/second, that is, the record
ki s supplied to an encoder 15. Wth a data string supplied fromthe

¥ 14 to the encoder 15, a data unit continuously recorded with each
gdi ng s conmposed of a plurality of,,for exanple 32 sectors, and a few
fer - | i nki ng sectors arrayed before and after 30 the cluster. The

¥er -1 i nking sector has a length longer than the interleaving |l ength at
Encoder 13, so that, even when the sector undergoes interleaving, data
her clusters remain unaffected. Details of the recording on the
er-by-cluster basis will .be discussed later referring to Figure 2. 35
ncoder 15 processes the record data supplied in a burst fashion from

Fli-nory 14 with _ap—erfor correcting coding o i on, such as by parity
3 ion or inter ,\or 8-to-14 nDduIatl
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(EFM The recordl ng data,
2 the magnetic head driving circuit 16. To the head d {

field conformng to the 5 record data to the dlsc"'“ :
the systemcontroller 7 perforns witiny and readaom’t fer t“he

menory 14 and, based on the nenory contraol: er.f a di Isc recordl ng
position cprul':Sﬂ RECORDENG H’é‘%tﬁ?\)’y m rﬁ?o ¢ dai a fead qut iypld
burst fgshion fromnenory 14 will 10 be recorded- gont - AuousSHy ™ on—the - e

recording track of Tis dnsention felatedctor diss diesgrdiogi apraratemiand| tot he
;:gﬁr gnp?ﬂ)H tgﬁ %ﬁoﬂﬁcﬂ? C&pﬁ&mﬁu& hgardt2e@ad1¢at But GR€ @Héldsﬁvéhburféi-
optically recorded dig:ltal data.
An optical disc may have a reéording capacity larger by two
5 or three 6rders 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
reprbduct:lon. so has good durability. A well known foram of optical
disc is the so-called compact disc. (CD)

10 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

‘15  be peadily portable. Therefore, a disc 8 cm or less in diameter would

be preferred. However, in attempting to construct a portable or
pocket size recordi_ng and/or reproducing apparatus for an optical disc
8 cm or less in diameter, the t‘olldwing problems arise.

In the case of a standard CD format optical disc, on which

20 are recorded stereophonic digital PCM audio signals sampled with a

sampling frequency of 4f.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 cm in diaseter 1s 20 to

22 minuteés at most, meaning- that a symphony, for example, cannot be

25 recorded on one disc side. A playback time of 74 minutes or longer,

which is approximately equal to that of & 12 cm CD is preferred. In
addition, with this CD-DA format, recording by the user is not

feasible. In addition, & contactless type optical pick-up device is

vulnerable to mechanical vibrations and subject to det:racking or

.30 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. '

On the other hand, with a CD-MO format (a format employing a.

recordable magneto-optical disc) as an extension format of the above-

35 wmentioned standard CD format (CD-DA format), the recording/reproducing

time of an 8 cm disc is only 20 to 22 minutes, as in the CD-DA format.

The optical pick-up device is similarly subject to detracking or
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. supervised by the systemcontroller 7, and controls signals designating the
“record position on the recording track of the disc 2 15 are supplied to
the servo control circuit 6. The reproducing systemin the.disc
recordi ng/ reproduci ng apparatus wi |l r@w be expl ained. The reproducing
system reproduces the record data continuously recorded by the
above-.descri bed r-ecordi ng systemon the 20 recording track of the disc 2,
and is prodefeausing hdueh tod sgehpnical) vibgatiopenspch s"tﬁ‘ﬁﬁl pEREn, R9Eitiyack
out put, Whlmebs\h%a mnceaﬁewt@dwwrwamow adbelseadf focts atliergof va

recording t ack on ser light and converted into binary
#1‘59 '83‘#“3‘6‘%‘% %g decoder

f or mat S|g 21 is associated with the
encoder 15 in the ¥8h the 6Pel dEBuintarattivalofornay. sthex tenelandl tor88sses the

pl aybaﬁ‘g ﬁlkth% 160NUR" tf160ing D11 Aarabel OprERrfiednodss RYddgherds- circuit
S, wth™ e;'eoordinglreproducing bit-compressed digital audio signals.
Table 1

levels number of
bits for

quantiza-
tion

sampling
frequency

playback time
(stereo/
monaucal)

bandwidth
10

15

A | 37.8 kHz

-8

" 17 kHz

2/4

37.8 kHz

4.

17 kHz

4/8

18.9 kHz

8.5 kHz

8/16

4

When reproducing a disc recorded with, for example, the level
B mode, signals obtained by M-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
4-fold, or reproduction of 4-channel data, becomes feasible, so that

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

20

Meanwhile, with the CD-I format, the disc is rotationally
driven at the same linear velocity as that for the standard 9D-D_A
format, so that continuous audio compressed data are reproduced at a
rateof;‘oneunittonrecordedunitsoﬂ'i:hedisc; vhere n is a figure
corresponding to the playback time or the bit compression rate of
data, and 1§ equal to 4 with the level B stereo mode. This unit is
termed a block or sector, which is made up of 98 fremes and has a
period of 1/75 second. Therefore, with this leveJ: B stereo mode, a
data string in v;hich one of 4 sectors is an audio sect;or._ such as:

SDDDSDDD ...
where S is an audio sector and .D ie another sector or sectors,
recorded on a sector-by-sector basis on the disé.

25

30

is

However, for actual
recording, since the sbove data string undergoes a predetermined
encoding similar to that for ordinary CD f‘orm_at audio data, such as

35
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above- nenti oned decoding for error -correction and EFM decodi ng, and

repr oduces the above-nentioned B | evel

‘t r ansf er
. transfer

stereo node ADPCM audi o data at a

rate of 75 sectors/second, which is faster than the normal 30.

rate in the above-nentioned B | evel
data, produced by the decoder 21, are su

st er eo node.

22 has its data witing and read- out conﬁ?ol | ed by the systemcontroller
so that the pl ayback data supplied from35 decoder 21 at a transfer rate

of 75 sector
sectors/secon Also

rat angs dat 9&:&*& dp

transfer

10

15

20

25

30

35

n@éfioﬁeéﬁﬁiﬁk'éﬂd Yntdr bhGihgdt ddtaCof

| ayback data intermttent!y

r@jes hedid aeﬁ]&f §75

witten at

e
&eptpr D are arranged in a scrambled fashion in

the recording sectors on the disc. The other data sectors D may, for
examnple, 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

string: _
S1 S2 S3 sk s1 s2 s3 s4 ...

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 ;1ext audio
sector S3 are reproduced from t.be innermost to the outermost areas of
the disc. E‘ihally. channel 4 data corresponding to the audio sector
S4 are reproduced from the innermost to the outermost areas of the
disc to enable data reproduction for a continuous 4-fold time duration. '
However, for the above-mentioned continuous reproduction,
several track jump operations spanning the inner and outer digc

peripheries are necessitated. Since a track jump
instantaneously, playback data are interrupted

cannot be achieved
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 intexl-leaving at the time of
recording. That is, 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 signals of previously recorded

sectors. Thus it is extremely difficult to
compressed audio data. '

record continuous

Moreover, it is desirable to permit switching selection
between the above-mentioned compression modes, because then the usage

of the recording/reproducing apparatus can be significantly increased.

' However, if it is necessary. to change the rotational velocity of the
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12 in the nenory 22 are continuously read out therefromat the regular B-
- level stereo node of 18.75 sectors/second. The systemcontroller 7 also

performs a nenory control of witing the reproduced data in the nmenory 22
at the transfer rate of 5 75 sectors/second, continuously reading out the
pl ayback data fromthe nenory 22 at the t;(ansfer rate of 18.75

sectors/ second, and stopping witing to prevent overflow of data stored in
the nmenory 22. The systemcontroller 7 perforns, besides the

above- ment i og@ge Wihbl P&(ﬁaﬂt\% patedral, Sﬂ%éoéigfnﬁl priReBBIHY hp&?auan. t‘or
reproduci ng posjtion 10 rol for t ordl track .o Isc 2, in
such a rrannereaf’ha? fithe ﬁP%EP&&ékcmsﬁ% "‘F‘gl% \F&rﬁ%ﬁﬁ‘?’o 8 ehor y
control in thenpbedend X aa&:mnédmwmu an aaakpénﬂuelappafhma.eplechacl ng
posi ti on contyrghedsePSEIRLIES chi: RS BMEnE dboRE M btk St o) t e
5 record:lng patterns, or signal processing operations as a result of the
different compression modes, be as small as possible.
According to the present invention there is provided a disc
recording apparatus for recdrding time compressed digital data on a
disc-shaped recording medium, the apparatus comprising:
10 storage means for temporarily storing said digital data; and
means for arranging said digital data read out from said storage means
into a plurality of clusters at an interval of a predetermined number
of sectors, annexing cluster-linking sectors at linking portﬁ:lons of
each of said clusters, each of said cluster-linking sectors being
15 longer than an interleaving length for said digital data, subsequently
processing the digital data within each of said clusters by
interleaving, and recording interleaved data on said medium, |
According to the present invention there is also provided a
disc reproducing apparatus for reproducing record data continuocusly
20 recorded on a disc-shaped recording medium, the apparatus comprising:
reproducing means for reproducing record data which record data are
time compressed digital data previously arranged into a plurality of
clusters at an interval of a predetermined number of sectors, to which
have been added cluster-linking sectors so that a cluster-linking
25 portion is of a length longer than an interleaving length for said
digital data, and which have been recorded on said medium after
interleaving said digital data in said cluster;
storage means f'or deinterleaving playback data from the apparatus and
storing digital data from which said cluster linking sectors have been
30 removed;
time expanding means supplied with said digital '_data intermittently
read out from said storage means and outputting said digital data as
time-expanded output signa13° and
control means for eft‘ecting writing control of said storage means SO
35 that, when an anount of said digital data stored in said storage means
becomes lower than a predetermined amount of data, said record data
are started to be reproduced to write the reproduced data in said

This is the replacement sheet
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1 of the above-nentioned playback data read out in a burst fashion 15
fromthe nenory 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 node ADPCM audi o
dat a, . obtai ned as pl ayback data read oug continuously fromthe nmenory 22 at
a transfer 20 rate of 18.75 sectors/second, are supplied to the ADPCM
decoder 23. The ADPCM decoder 23 is associated with the ADPCM encoder 13 of
the recor di agporaget seansThe HHARChhikqoedet@Bihed amoynbpef Alghtakvista is

desi gnat ed nt [0 [ e apedriss e
B-1 evel Ste?%%tiﬁls)%&&ﬁ%DE%% cgfa uéf‘{ glgxr'%@ee)l%gan ag§ gémgc?? o‘ril of %5@ 4 for
r epr oduci ngcestsrolbing anrehroducingaposiitdpe anysaid Wéi%ﬁPoH'ER?eJeW“Fﬁ‘F audi o

data are trapedn {dtnPitchbfy ARROVLACERIB1d SchBry Bbdhs” O/ Qiontinublsly
5 reproduced from the recording track on said medium.

According to the présent invention there is also provided a
disc reproducing apparatus comprising reproducing means for
reproducing a disc-shaped recording medium on which are recorded
compressed digital data arranged into a plurality of clusters at an

10 interval of a predetermined number of sectors, provided with cluster-
-1inking sectors each longer than an interleaving length at linking
portions of each of said clusters, and subsequently interleaved,
storage .m.eans for transiently storing playback data from said
reproducing means, and control means causing said playback data to be
15 . written when the data volume of said playback data stored in said
storage means is less than a predetermined volume, so that a read-out
space in excess of a predetermined data volume is méintained in said
storage means. .
The gstorage”  means hinimizes changes in the
20 recording/reproducing operation due to the difference in the
compression modes_; while absorbing fluctuations in the
recording/reproducing operation caused by mechanical vibration.
Durihg recording, record data are written in said storage means a_t a
data transfer rate.confo.rmirig to the prevailing compression mode_s and
25 are read out intermittently, that is, in a burst fashion, at a
predetermined standard data transfer rate, so as to be recorded on the
disc-shaped recording medium.  During reproduction, data are
reproduced intermittently, that is in a burst fashion, from the disc-
shaped recording medium at the predetermined standard data transfer '
30 rate and are written on said stqragé means so as to be read out at a
data transfer rate conforming to the prevailing compression mode.

Recording on the disc-shaped recording medium is made on a

’ cluster-by-cluster basis. Since a cluster-link:mg sector longer than
an interleaving length is provided between adjoining clusters,
35 recording may be made so as to be inclusive of the cluster-linking

sectors to eliminate the effects of interleaving on neigh_bout‘ins
clusters. ’

This is the replacement sheet
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The D/ A converter 24 causes the digital audio data supplied fromthe ADPCM
decoder 23 to be converted into an anal ogue audi o 30 signal Alerr] which
is supplied via a lowpass filter 25 at an output term nal 26. The
reproduci ng systemof this apparatus is frovided 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 termnal 35 28 via a digital output

encoder 27 as a di dfithl theiwise ef dhal cysters amihelygter-dinkipggactors ashe
above- descrabeéc@magahu&. récordifg ChaP! Ve NBSrfArhEE OLAAHENAERS O |PNger
than 60 m nutes and up t
cluster-by-cluster basis, without the necessity of taking the effects
of interleaving on other clusters into account, so that pmcessing as
5 well as re-recording in the case of a recording failure may be
facilitated. |
For reproduction, drop-out of playback data by the cluster-
linking sectors may be buffered by provision of a memory means for
temporary storage of playback data, so as to enable continuous
10 playback da.ta to be obtained from the memory means.
- The present invention is preferably applied to an apparatus
for recording and reproducing bit compressed data (time compressed
data). o
The invention will now be described by way of example with
15 reference to the accompanying drawings, throughout which like parts
are referred to by like references, and in which:
Figure 1 4is a  block diagram of an optical disc
recording/reproducing apparatus acoording to the present invention;
Figure 2 shows a format of a cluster as a recording unit;
Figure 3 shows an example of a data sector or block:
Figure 4 shows the contents of a sub-header;

20

~ Figure 5 shows a data arrengement in one sector of the CD-I
format; :

Figure 6 shows a format for a freame and a block (sector) in
25 the so-called CD standard;
| Figure 7 shows a data format employed in the apparatus of
Figure 1} '

. Figure 8 shows a memory-controlled memory in a recording
system of the apparatus of Figure 1; and
30 Figure 9 shows a nemory-controlled ‘memory in a reproducing
‘ system of the apparatus of Figure 1.

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 lig-ht: is irradiated by

35 an optical head 3 on the disc 2, a modulating magnetic field

corresponding to recording data is applied by a magnetic head & to the
disc 2 for recording data along & recording track of the disc 2. On
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e

"74 nminutes for stereo audio signals. Wth the data conpression rate of 1/4
as in the above-nentioned B | evel nbde, a recording capacity of

approximately 130 M bytes is necessary. For a portable or pocketable 5
'size of apparatus, .it is preferred to use a disc outside dianmeter of 8 cm
or less. In addition, a track pitch of 6 pmand a linear velocity of 1.2
to 1.4 msecond, simlar to those of a cbnpact disc, are preferred. For
sati sfying these conditions, the_disc .outsi-de dianeter may be 64 mm the
out side di sigtathest hendy,the reacgrdfing tragk @f the disgy2pis ctreppd witk pnsi de
di amet er oladdic 14gh€ Bye&RE doptdciP Jiead !%&Bhé&dmeémmw&ﬁ?ter of
the lead-in reqgion Y, gFerb30 mm and a centre hole dianeter may be 10 mm
By having Fh@ ‘%@E‘%é&

dated in a disc caddy (cartridge) of 70 x 74 nm
in size and presenThel opti¢dlcheml Batompeisdd 8 Kiseiclight smaest suehsed &le to

fecord andype8t oAiCh  Beian Slapbabied AREK®as® ¢ CcdiiERAEN Y4 0" G 01 N0
abjective lens, a polarization beam éplitter or a cylindrical lens,
and a split photodetector, although these device are not shown, and ig
arranged bo 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
f 10 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
15 detects a laser light irradiated on and reflected by the target track
: t"or 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 & polarization angle (Kerr rotation angle) of the
20 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
25 transmits the ‘extracted signals to & servo control circuit 6 while
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.
The servo control circuit 6 comprises a focusing servo
30 circuit, a tracking servo circuit, a spindle motor servo cot}trol
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
focusin_g error signal will be reduced to zero. The tracking servo
35 control circuit executeé tracking control of the optical_ system of the
optical head 3 so that the tracking error signal will be reduced to
zero. 'l.‘he spindle motor servo control circuit controls the motor 1
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out5|de di aneters of the disc recording region for enabling recordlng
-and/ or reproduction for 72 to 76 mnutes with the above-nentioned 1/4 dat a
conpressi on node may be suitably selected-within the range of the outside
di ameter of 60 to 62 nmfor the inside di&anmeter of 32 mmand 20 - within
the range of thé outside dianmeter of 71 to 73 mmfor the inside dianmeter of
50 mm The recordi ng/ reproduci ng operation of the above apparatus will now
be expl ai nedfen mimldb'l driving dber dismt, att [matpriedetenmined arptagionalom
the memory ldedeneg? oydHl | 814E 0a | B eah€ 14RLEE 1080y N1 WA knadsery
predet er m ned 0 for exanp , Ssectors or and several

cluster-1i nkFﬁ@t%@cFE‘t’%}‘i&r%ﬂ!ﬁePaM %&%Qﬁ@ehewj%Mrﬂ‘ecP , & haad

detail, eachpelbsied t& & Wargat Strabk Positeén'on Che iiRek2 &bignatill byagie five
k00 et g L A" B 0% otk S50 %,V ettt "
t he ’

these various control operations, transmits an information indicating

operating stétes of components controlled by the servo control circuit

6toa system controller 7. . ’
To the systenm controller 7 are connected a key input
10 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

15 by the header time or sub-Q data, the recording position as well as
the reproducing position on the recording track tracéd by the optical
head 3 and the magnetic head 4. The system controller 7 causes a bit
compression que to be displayed on the display 9 on the basis of bit
compression mode data in the reproduced -data obtained from the RF
circuit 5 by means of a reproducing system as later described, or of

. bit compression mode data in an adaptive differential PCM (ADPCH)
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 compressioﬁ ratioc and the reproducing
25 . position data on the recording track in the bit compression mode.

For displwmg the playback time, the sector-by-sector
address information (absolute time information}, reproduced from the
recording track of the disc 2 with tixe head time or sub-Q data, is
multiplied by a reciprocal of the data compression ratio in the bit

30 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 magneté-optical disc, the preformatted absolute

time information may be read during recording and .multiplied by the

35 reciprocal .ot‘ the data compression ratio to cause display of the
current position in the t‘om of the actual recording tiwe.

The apparatus also comprises an A/D convérter 12 to which an

20
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30 adjoining clusters. For recording a cluster, such as a Kth cluster
Clerr], the 32 sectors BO to B31 of the cluster Cerr], and the |inking
clusters ahead of and following the cluster CJerr], nanely the three
sectors L3 to L5 towards the cluster Cferr] (run-in blocks) and the three
bl ocks L1 to L3 towards the.cluster CJerr], making a total of 38 sectors,
35 are recorded as one unit. The 38-setCtor record data are transmtted
fromthe mem)ry 14 to the encoder 15 where interleaving is carried out

corr capondi ndPEAie” BEE Bl K., A b6 et AP1nR pinbl WY ey o
wi t hin the clofisackowCiags £i3térelly. contai ned within a range of

‘The A/D converter 12 quantizes the audio signal A;y. The
digital audio data obtained at the A/D converter 12 is transmitted to

5 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: opergting mode designated by the system controller 7. ' For

10 example, in the B-level mode of Table 1, the digital audio data are
processed into compressed data (ADPCM) audio data) hav:lng a sampling
frequency of 37.8 kHz, with the number of bits ber sample equal to 4
before being supplied to a memory i14. The data transfer rate with the
B-level stereo mode is reduced to 1/4 of the standard data transfer

15 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 ig 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

20 after conversion of the . sanpling 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 mocies.
In this case, the cut-off frequency of the low-pass filter 11 is also

25 switchingly controlled as a function of the switchingly controlled
sampling frequencies of the A/D converter 12. That is, the sampling
frequency of the A/D converter 12 and the cut-off frequency of the
low-pass filter 11 may be simultaneously controlled in dependence upon
the compression modes.

30 The memory 14 is used as a buffer memory in which data
writing and read-out are contrdlled 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 daté

35 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
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fromthe run-in blocks L3 to L5 to the run-out blocks L1 to L3 without 5
affecting the remaining clusters CJerr] or (Jerr]. Meanwhile, dummy data,
such as 0, are arrayed in the linking sectors L1 to L5 to avoid adverse
effects which interleaving m ght have ggn the data per se. Wen recording
the next cluster CJerr], three sectors L3 to L5 of the five linking sectors
L1 to L5 between the current cluster and the next 10  cluster Cerr] are

used as t18.79mectold/eeésnd, SthesbTomphessedaiath YeingSconttmidialy Wi€téd uousl y.
rotever o Eng AR B8, NSPRNER. 8 HhortlS i cbBint 18! cbbpartRl BRed ho
cluster- by(ADPQl.ttdntabadi @, ratecof é‘&mo&/ Hectormces eaplained sboke, it is
ot oy o kot by, MOl OGS R, A0 R SRG g BT 0
t he rebor dinterleavingl doprratfiony c 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 dai:a. with a cluster, composed of a predetermined number
10 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
15 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 aboveQmentioned standard rate of 75
sectors/second. Theret‘ore. 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 reeordiﬁg 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 '
25 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
with éach' recording is composed of a plurality of, for example 32
sectors, and a few cluster-linking sectors arrayed before and after

30 the cluster. The cluster-linking sector has a length longer than the
interleaving length at the encoder 13, so that, even when the sector

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 2.

20

35 The encoder 15 processes the record data supplied in a burst
fashion from the memory 14 with an error correcting coding operation,
such as by parity addition or interleaving, or 8-to-1§ modulation
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to be recorded normally due to nal functions, such as defocusing,

detracking, etc, re-recording may be nmade on the cluster-by-cluster 20
basis and, if the record data cannot be reproduced effectively, re- reading
may be effected on a cluster-by-cluster basis. Meanwhil e, each sector or

bl ock consists of 12 synchronizing bitg, 4 header bytes and 2336 bytes of
data per se DO001 to D2336, arrayed in this order on the tinme axis, making
a total of 2352 bytes. 25 This sector or block array is represented as a
t wo- di mensi(Bféll. arThey, recordingvdata, Filgisr endodedhebyei the hencbdesy ABhr b&i zat i on

bits consi f Ik St te Eid a last byte OOH in the
hexadeci rraF&égllgteg%t‘{ Iﬁg‘?sm%gﬁ% e‘f':‘li #gf‘p%rr%%lrﬁ:)u.it € next 4-byte header

consi sts of addresTo ghetheaddirivingicincuiedbnis aonhdsited thecmagneste hggde, and
a 30  modg g aribdstyt IB%%W&&E@%@B%&M&&%% ConfbtufRg\MdRAS, While

a sector structure-shown in Fi gzures corresponds to node 2 of
' 5 record data to the disc 2.

On the other hand, the system controller 7 performs writing
and read-out control for the memory 1% and, based on the wmemory
control, performs a disc recording position control so that the above-
mentioned record data read out in & burst fashion from memory 14 will

10 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

15 are supplied to the servo control circuit 6. _

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

The reproducing system reproduces the record data
continuously recorded by the above-described recording system on the

20 recording track of the disc 2, and is provided with the decoder 21, to
which is supplied a playback output, which has been generated by the
opticel head 3 tracing the recording track on the disc 3 with a laser
light end converted into binary format signals by the RF circuit 5.

The decoder 21 is. associated with the encoder 15 in the

25 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 75 sectors/seéond. which is faster than the normal

30 transfer rate in the above-mentioned B -level stereoc mode. The

reproduced data, produced by the decoder 21, are gupplied to & 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

35 decoder 21 at a transfer rate of 75 sectors/second are sequentially
written at the transfer rate of 75 sectors/second. Also the playback
data intermittently written at the transfer rate of 75 sectors/second
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the CO-ROM format. CD-1 is-a standard enploying node 2, and the contents
of the data DO001 to DO0OO1 are prescribed as shown in Figure 4. 35

Figure 5 shows forms 1 and 2 of the CD-1 standard, in which 12

synchroni zing bits and 4 header bytes are the sane as those of the 15
CD- ROM node 2 shown in Figures 2 and 3.4,The next 8 sub-header bytes are
prescribed as shown in Figure 4 wherein data D000l and DO0OOS are file
nunbers, data DO002 and DO0O06 are channel nunbers, data DO003 and DOOO7 are

sub- node dahac@de&&tyazmqe%@wnmgﬁg el ! EhdrbPPokl Ak tched regiliardit @
DO001 to 004. and dat a DOOIQS to DO008 are the sane data
evel gtereo mode of 18.7% sectors/rsecond.

The system controller 7 _also performs a memory control of
writing the reproduced data in the memory 22 at the transfer rate of
5 75 sectors/second, continuously reading out the playback data from the
memory 22 at the transfer rate of 18.75 sectors/second, and stopping
writing to prevent overflow of data stored in the memory 22. |
The system controller 7 performs, besides the above-mentioned
writing and read-out control for the memory 22, a reproducing position
10 control for the recording track of the disc 2, in such a manner that
the playback data written by the above-mentioned memory control in the
memory 22 are written therein continuously. The reprodu_cing position
control is performed by supervising a reproducing position on the disc
1 oi‘ -the above-mentioned playback data read out in a burst fashion
15 from 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
20 rate of 18.75 sectors/second, are supplied to the ADPQM decoder 23.
The ADPCM decoder 23 is associated with the ADPCM encoder 13
of the recording system. The ADPCM decoder 23 has its operating mode
designated by the system .controller 7. With the present apparatus,
the B-level stereo mode ADPCM audio data are expanded by a factor of
25 4 for reproducing the CD-DA mode 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 2l causes the digital audio data supplied
from the ADPCM decoder 23 to be converted into an analogue audio
30 signal Ay, which is supplied via a low-pass filter 25 at an output
terminal 26. ‘
| f_l‘he reproducing system of this 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
35 28 via a digital output encoder 27 as a digital audio signal Dgyy.

The disc 2 employed in the above-described apparatus
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witten in duplicate. The next 2328 bytes consist of 2048 user data bytes,
four error-detecting bytes, 172 P parity bytes and 104 Q parity bytes, for
form1l of Figure 5A. This form1l is used for recording letter data, binary
data and hi gh conpression video data. The 2328 10 bytes for form 2 of
Figure 5B consist of 2324 user data byy g downst ream of the sub-header
data, and the renmaining 4 reserve data bytes. This form2 is used for

recordi ng conpressed audi o data or .vi deo data. In the case of the

conpr essed p%HfJé&bdﬁtlﬂas &&eka&xmgt s Bel TnREPStHaR30d diNLEss andutbayed in-
the 2324 uzgr ta bytes \Hﬁl remai ni ng 20 bytes regr esenting a
vacant spa fi® rk oF‘éﬁrﬁQ s Bes&%eﬂ‘%@ﬁfﬁ@ﬂm A2t%8t8n a

di sc, a codfnt/loasriat tmnamhmastmaéd Bylavdli idde) & 'recoidingecapacgty of EFM
\%ntcﬁdén?eéiﬁpﬁg‘ﬁfgmsg?ﬁ%bﬂ‘oﬁiﬁhe CREREhesRy. ok F ook Baste’ol o8 ™
5 size of apparatus, it is pret‘erred to use a disc outside diameter of
8 cm or less. In addition, a track pitch of 1.6 um and a linear
velocity of 1.2 to 1.4 m/second, similar to those of a compact disc,
are preferred. For satisfying these conditions, the disc outside
diameter may be 64 mm, the outside diameter of a data recording region
10 may be 61 mm, the inside diameter of the data recording region may be
. 32 mm, the ineide diameter of the lead-in region may be 30 mm, and a-
centre hole diameter may be 10 mm. By having the disc accommodated in
a disc caddy {cartridge) of 70 x 74 mm in size and presented to the
_ market in this st'a_te. it becomes po_ssible to record and feproduce the
15 disc by a pocket-size recording/reproducing apparatus. The inside and
outside diameters of the disc recording region for enabling recording
and/or reproduction for 72 to 76 minutes with the above-mentioned 1/4
data compression mode may be suitably selected within the range of the
outside diameter of 60 to 62 mm for the ingide diameter of 32 mm and
20 within the range of the outs:ide diameter of 71 to 73 mm for the inside
' diameter of 50 mm.

- The recording/reproducing operation. of the above apparatus
will now be explained in more detail.
The record data, that is data read out from the memory 14 is
25 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 five linking sectors
L1 to L5 are arranged between these clusters C for linking the -
30 adjoining clusters. For recording a cluster, such as a K'th cluster
Cx,» the 32 sectors BO to B31 of the cluster C,, and the linking
clusters ahead of and following the cluster Cx.» namely the three
sectors L3 to LS towards the cluster Ci.; {run-in blocks) and the three
blocks L1 to L3 towards the cluster C,,,, making a total of 38 sectors,
35 are recorded as one unit. The 38-eector record data are transmitted
from the memory 14 to the encoder 15 where interleaving is carried out
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20 Referring to Figure 6, each block or sector consists of 98
frames of 1st to 98th franes, wth each frane being 588 tines a channel
clock period T (588T).. Wthin each frane, there are a frame synchroni zi ng
pattern part of 24T (plus 3T for linking), a sub-code part of 14T (plus 3T
for linking), and a data part of 544T (f. audi o 25 data and parity
data). The 544T data part consists of 12 bytes or synbols of audio data, 4
bytes of parity data 12 bytes of audio data and 4 bytes of parity data

which have tegh RQGCSSet-iiediellt ANEEC ol2hfdelos TR [iAMEo 31081 (iilRés Dy 24
bytes or 12 words cause ea the au o sanpl e data consists of 16
bites. The nrreserndipgttxca. sl tqeetg: i Howerery ogeen Affenpintgrigaying,

under gone ERifleafdtd Vithimithd éXusled|cpCdre \bafe19ScidtaiRed W tHin! Fangaéh bi t
constituting one of 8 sub- code chanfiels P to W The sub- code[“garts of the

first and seRmdthe pasimpblogknokd toyhf kojde: mynrpug tlocks ddqtaes thent ch
violate ghe &ffdcteh the remaining clusters C,, or C,,,. Meanwhile, dummy data,
such as 0, are arrayed in the linking sectors L1 to LS to avoid
adverse effects which interleaving might have on the data per se.
When recording the next cluster C,,,, three sectors L3 to L5 of the
five linking sectors L1 to LS between the current cluster and the next
10 cluster C,,, are used as the run-in blocks, so that the sector L3 is
recorded superfluously. However, this causes no inconvenience. The
sector L3 of the run-in block or the sector L3 of the run-out block
may be omitted.

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

15 necessity to take interference with the adjoining clusters by
interleaving into account, so that data processing may be simplified
significantly. On the other hand, if tﬁe record data should be unable
to be recorded normally due to malfunctions, such as defocusing,
detracking, etc, re-recording may be made on the cluster-by-cluster

20 basis and, if the record data cannot be reproduced effectively, re-
reading may be effected on a cluster-by-cluster basis.

Meanwhile, each sector or block consists of 12 synchmn:lgihg
bits, 4 header bytes and 2336 bytes of data per se DOOO1 to D2336,
errayed in this order on the time axis, making a total of 2352 bytes._

25 This sector or block -ai'ray is represented as a two-dimensional array,
&s shown in Figure 3, wherein the 12 synchronization bits consists of
& first byte OOH, 10 bytes FFH and a last byte OOH in the hexadecimal
system (H is a hexadecimal number). The next ll-byt_;e header consists
of address parts for minute, second and block, each one byte, and a

30 mode data byte. These mode data mainly indicate. a CD-ROM mode, while
& sector structure shown in 'Figures 2 or 3 éorresponds to mode 2 of
the CD-ROM format. CD-I is a standard employing mode 2, and the
cantents of the data DOOOL to DOOO1 are prescribed -as shown in Figure
L. .

35 "~ Figure 5 shows forms 1 and 2 of the CD-I standard, in which

- 12 synchronizing bits and & header bytes are the same as those of the
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each of the sub-code channel P to Wheing constituted by 96 bits for. 35

the third to 98th franes. The above-nenti oned audi o data, recorded after

i nterleaving, are deinterleaved during reproduction into audio data of a
data array 16 conforming to the regular time sequence. The CD-|1 data,
such as are shown in Figures 3 and 5, be recorded in place of the audio
data. Meanwhile, digital data obtained the A/D converter 12 in the disc
recording/reproducing apparatus shown in Figure 1, are data 5 simlar to

oo NS W g’ @0, Sy bt s 9
are prescribed as shown in Figure 4§ wherein data DOOO1 and DOOOS5 are
file numbers, data D0O002 and DO006 are channel numbers, data D0003 and
DO007 are sub-mode data and data DOOOY and DOOO8 are data type data.

5 The data DOOO1 to DOOO4 and data DO005 to DOOO8 are the same data
written in duplicate. The next 2328 bytes consist of_20&8 user data
bytes, four error-detecting bytes, 172 P parity bytes and 104 Q parity
bytes, for form 1 of Figure 5A. 'fh:ls form 1 is used for recording
letter data, binary d&ta and high compression video data. The 2328

10 bytes for form 2 of Figure 5B consist of 2324 user data bytes,
downsi:ream of the sub-header data, and the remaining 4 reserve data
bytes. This form 2 is .used for recording compressed audio data or
video data. In the case of the compressed audio data, 18 128-byte
sound groups (2304 bytes) are arrayed in the 2324 user data bytes,

15 with the remaining 20 bytes representing a vacant spa:ce.

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 6.

20 Referring to Figure 6, each ‘block or sector consists of 98
frames of ist to 98th frames, with each frame being 588 times a
channel clock period T (588T).  Within each frame, there are a frame
synchrdnizing pattern part of 24T (plus 3T for linking), a sub-code
part of 14T (plus 3T for linking), and a data part of SY4T (for audio

25 data and parity data). The SHQT‘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 formed by 24 bytes or 12 words because each
word of the audio sample data consists of 16 bites. The sub-code part

30 is the 8-bit sub-code data which has undergone EFM and is arrayed in
a block with 98 fremes as a unit, each bit éoﬁstit{xcing one of 8 sub-
code channels P to W. The sub-code parts of the first and second
‘freames are block synch patterns S, and S; which violate the EFM rule.
each of the sub-code channel P to W being constituted by 96 bits for

35 the third to 98th frames. | |

The above-mentioned audio data, recorded after interleaving,
are deinterleaved during reproduction into audio data of a data array
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equal to 16 and a data transfer rate of 75 sectors second. Wen the data
“are transmtted to the ADPCM encoder 13 so as to be bit- conpressed to the
above-nentioned stereo node, the digital data are 10 converted into data
with a sanpling frequency of 37 8 kHz ang the nunber of quantization bits.
I's conpressed to 4 bits. Thus the output data are the ADPCM audi o data
having the data transfer rate reduced to 1/4, or to 18.75 sectors/'second.

The B | evel cshfdR@nB0EE auﬁliamdaaamene@nt TREOCBALY datay puth ad afé .

transfer 8 75 ctor seco f.rom d 13, are
suppl i ed tosﬁ‘ﬁ‘é“ M&?”fﬁ 31%‘93‘“ (tf%f’g g“ ‘{"ﬁge%?@é %ggg %r(?ltfér 7
controls the rrermryMé&mmleucdigatmmea dhtained \ati the neenventer iZhén
menory. 14 i

sectors/seco Q}d’l n?%ﬁ?%ﬂ%”m&ﬁ‘% %p%ﬁ%ﬁ%%a%%a i n he rrermry

14 at a 5 similar to those of the CD-DA format, that is the audio PCM data with
the sampling frequency of 44.1 kHz, the number of quantization bits
equal to 16 and a data transfer rate of 75 sectors/second. When the
data are transmitted to the ADPCM encoder 13 so as to be bit-
compréssed to the above-mentioned stereo mode, the digital data are

10 converted into d&ta- with a sampling frequency of 37.8 k-Hz and the
nunber of quantization bits is compressed to i bits. Thus the output
data are the ADPCM auddo data having the data transfer rate reduced to
1/4, or to 18.75 sectors/second. The B level stereo mode ADPCM audio
data, continuously outputted at a transfer rate of 18.75

‘15 sectors/second from the ADPCH encoder 13, are supplied to the.memory
ik,

Referring to Figure 8, the system controller 7 controls the
memory 14 in such a manner that a write pointer W of the memory i 1is
continuously incremented at a transfer rate of 18.75 sectors/second

20 continuously to write the ADPCM audio data in the memory 14 at a .
transfer rate of 18.75 sectors/second and, when the data amount of the
ADPCM audio data stored in the memory 1l exceeds a predetermined
_amount, 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

25 predetermined amount K of the ADPCM data in a burst fashion from the

mwemory 14 as record data at the above-mentioned trensfer rate of 75
- sectors/second. ' '

Thﬁt_ is, in the recording system of the apparatus of Figure
i, the ADPCM audio data continuously outputted at the transfer rate of

30 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 data amount of the ADPCH data stored in the
memory 14 exceeds a data amount corresponding to one cluster. one-~
cluster data of the ADPCM audio data is read out from the memory 1l at

35 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 assured
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transfer rate of 18.75 sectors/second and, when the data anmount of the
ADPCM audi o data stored in the nenory 14 exceeds a predeterm ned anount, a -
read pointer R of the menory 14 is increnented in a burst fashion at the
transfer rate of 75 sectors/second to read out a 25 predeterm ned anount K
of the ADPCM data in a burst fashion frgmthe nmenory 14 as record data at

t he above-nentioned transfer rate of 75 sectors/second. That is, in the
recordi ng system of the apparatus of Figure 1, the ADPCM audi o data

conti nuous| wi ehinp theetleddryt 1. t rlynleeordiage thé Béorfitag posipion 8. The

' t d f 14
2t the: abovESnAng Ptk b £hEI A PE BHEE AALROE 1 U Batln, cORERTREY

dat a anount 7ef theheeddidCiatiaread put ot arburat fashbery fram shecuepory ’dhpanam)unt

correspondi g Q-Q&l %Hscécgﬁ;ivéﬁeon the' Setordiakleflck &if tnddede 2udisandat a i s

read out from
a data wr:l.te region in excess of a predetermined amount is maintained

in the memory 14, data can be continuously written in the data writing
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 interrupt a recording operation on the
10 disc 2, and the reset 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. .
Meanwhile, header time data corresponding to the physical
‘address of the sectors are annexed to the ADPCM audio data on the
15 ‘sector-by-sector basis, and recorded on the sector-by-sector basis on
the disc 2. Table of contents 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
20 shown in Figure 9, the write pointer W of the memory 22 is incremented
at a transfer rate of 75 sectors/second to write the reproduced data
in the memory 22 at the transfer rate of 75 sectors/second, the read
pointer R of the memory 22 is cont:lnuously'incremented at a transfer
rate of 18.75 sectors/second continuously to read out the playback
25 data from 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, soO that, when the write
pointer W catches up with the read pointer R, _writitig is discontinued.
When the data amount of the playback stoi-ed in the memory 22 is lower -
30 than the predetermined amount L, writing is started again.
' Thus, with the above described reproducing system of the disc
recording/reproducing 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
.35 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
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35 the transfer rate of 75 sectors/second as record data, so that input
.data can be continuously witten in the nenory 14 while a data wite region
K in excess of a predeternmined amount is perpetually assured 17 within
the menory 14. By recording the recording position on the recording track

of the disc 2 under control by the systﬁgcontroller 7, the record data
read out in a burst fashion fromthe nmenory 14 can be recorded

consecutively on the recording track on the disc 2. Since 5 a data wite

region in exﬁﬁs%lﬁbﬁ:ﬁpEEGEtwegoxﬁﬂHg\iat gsrgﬁd it fl‘%@m Ehd NenldRp05Y 14,

data can be conti nuous witten in witing lon I n excess of
t he predet ervhﬂedﬂmréam neadroyty regionsin exgess of the Pre eternined amount

L is perpetually maintained within memory 22. Also the playback data
intermittently written in the memory 22 may be continuously reproduced
S from the recording 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 maintained in the memory 22, as
described previously, so that, even when the system controller 7
10 should detect the occurrence of a track jump etc due to, for example,
disturbances, and the operation of reproducing the disc 2 is
discont_inued. the playback data may be read out from the data read-out
region having a space in excess of the -predeterm:lned' data amount to
continue the outputting of the analogue audio signals, while the

15 resetting operation may be executed in the interinm.

. It is to be noted that the present invention is not limited
to the above described embodiment. For example, although the above
disc recording/reproduciné apparatus has been explained in connection
with recording and/or reproduction of the B level stereo mode ADPCM

20 audio data, recording and/or reproduction may be performed similarly
of the ADPCM audio data of other modes of other CD-I systems. The
method of data compression is also not limited to ADPCM. Thé number
of sectors constituting a cluster is not limited to 32, but a cluster
may be composed of any othe_r number of sectors, such as 64 sectors.
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controller 7 detects that a track junp etc has occurred due to disturbances
or the Like to interrupt a recording operation on the 10 disc 2, and the
reset operation may be carried out in the interim Thus, input data can be
conti numﬂlﬂl”mnmmmmurout drop-out on the recording track of the disc
2. Meanwnit [ data correspqgdi ng to the physical address of the
sectors ar'e annéxell td the ADPCM audi o data on the 15 sect or - by-sect or
basi s, and recorded on the sector-by-sector basis on the disc 2. Table of
contents indicating the record regi orglaAlMSt he recordi ng node are recorded
in-a tabl e-of -contents region. In the reproduci ng system of the apparatus
of Figure 1, the systemcontroller 7 controls the nenory 22 in such a
manner thatls as 204 disgpeconding appadatushdonr reconsingt sine esupressedenor y
22 is incraignted ddtadoh’ 8"d{R-shafed HocdriingChedfinS 29 dtid apfphbsedsne

repro
€p OdUSEd c%%})gising:

storage means (1li) for temporarily storing said digital data; and
means (15) for arranging said digital data read out from said storage
means (14) into a plurality of clusters (C) at en interval of a
predetez_'mined number of sectors, annexing cluster-linking sectors at
10 ' linking portions of each of said clusters (C), each of said cluster-
linking sectors being longer than an interleaving length for said
digital data, subsequently processing the digital data within each of

said clusters (C) by interleaving, and recording interleaved data on
said medium (2).

15
2. Apparatus according to claim 1 further comprising control
means (7) for controlling read-out of said storage means (14) so that,
~when the amount of said digital data stored in said storage means (14)
exceeds a first predetermined amount of data, said first amount of

20 digital data is continuously read from said storage means (14), so as
-continuously to maintain a 'writing space in excess of a second
predetermined amount of data in said storage means (1li);
said control means (7) also controlling a recording means (16) so that
said first predetermined amount of data of record data read out

25 intermittently from said storage means (14) is continuously recorded
on a recording track on said medium (2).

3. Apparatus according to claim 2 wherein said control iieans (7)
perforus a control operation so that, when said recording means (16) -

30 becomes unable to record data, read-out of the record data from said

Storage_meané (14) is discontinued and said recdrding means (16) is

reset to its recording state, said control means (7) chusing the

- unrecordable record data to be read out again from said storage means

(14) for recording continuously with the record data preceding said
35 unrecordable data.

4. Apparatus according to claim 3 wherein said second
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in the ry 22 at ansfer rate of 75 sectors/second, the read

- poi nter m I's continuously increnented at a transfer rate
of 18.75 “l) eontinuously to read out the playback 25 dat a

fromnenory 22 at the transfer rate of 18.75 sectors/second, and the wite
poi nter Wof the nmenory 22 is intermttently increnented at the transfer
rate of 75 sectors/second, so that, wherfhe wite poi nter Wcatches up
with the read pointer R, witing is discontinued. Wien the data anmount of

t he playback stored . n.th 2 is | 30 th term ned
amoUnt L W ECRGETng SRRE (OF 4eta piceedd o gapunk o0 Aaa. Eppikid B

r epr oduci ng saisit semafy meansli(3l) rdrdngli the/ regatodise nfram phe clarsre¢drdiagst em
controller 7%\%\}9%5&2@ Eog%tg? in such a manner that the B-1evel

stereo node audi 0 data“reproduced fromthe recording track of the
disc 2 is witten in 35 a burst fashion in the nenory 22 at a transfer

rate of g g, Apparatus according to claim 3 wherein said second

predetermined amount of data corresponds to a.n amount of data for one
cluster (C). '

6. Apparatus according to claim 1 wherein sa_id-cluster linking

10 sector is formed by dummy data not affecting digital data in said
' cluster (C).

7. Apparatus according to any one of the preceding claims
wherein one sector corresponds to one block or 98 8-to-14 modulated
15 frames of a compact disc.

8. A disc reproducing apparatus for reproducing record data
continuously recorded on a disc'-shaped recording medium (2), the
apparatus comprising:

20 reproducing means (3) for reproducing record data which record data
are time comppe_ssed digital data previously arranged into a plurality

" of clusters (C) at an mtefval of a predetermined number of sectors,
to which have been added cluster-linking sectors so that a cluster-
linking portion is of a length longer than an interleaving length for

25 said digital data, and which have been recorded on said medium (2)
after interleaving said digital data in said cluster (C);
storage means (22) for deinterleaving playback data from the apparatﬁs
and storing digital data from which said cluster linking sectors have
been removed;

30 time expanding means (23) supplied with said  digital data’
intermittently read out. from said storage means (22) and outputting
said digital data as time-expanded output signals; and
control means (7) for effecting writing control of said storage means
(22) so that, when an amount of said digital data stored in said

35 storage means (22) becomes lower than a predetermined amount of data,
said record data are started to be reproduced to write the reproduced
data in said storage means (22) so that said prédetermined amount of

' This is the replacement sheet
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sectors/second, and read out continudously fromthe nmenory 22 as pl ayback
- data at the transfer-rate of 18.75 sectors/second, so that 18 the
pl continuously read out fromthe nmenory 22 while the
damﬁmmﬁmﬂluﬂtmmg in excess of the predeterm ned anount L is .perpetually
mal mt arned w T3 nsemory 22. Al so the plelyback data intermttently witten
in the menory 22 may be continuously reproduced 5 fromthe recording
track on the disc 2 by controlling the reproduci ng position on_the
recor di ng t rékgdtel data s onsimipushy @ywﬁﬁpcﬁﬂdr storageymeany (224iseidn,

the dat al lreaémftlfbl_rﬁééj&_n (7i)2a196<0&%%r@.\lein&h3 Rpreaheinp Pdiefd!Un leaid
per pet ual 1 Rk ALRIEA,) Ll S o 062’ nterntttontly written tn satd

memory means (22) is continuously reproduced from the recording track
5 on said medium (2).

9, Apparatus according to claim 8 wherein said control means (7
detects that said reproducing means (3) is in a non-reproducing state
to terminate writing of digital data in said memory means (22), to
10 reset said reproducing means (3} to a-reproducing state, said control
means (7) then operating to reproduce unreproduced playback data from
said medium (2) again to write said reproduced unreproduced playback
dgta is said memory means (22) continuous with prior playback data.

15 10. Apparatus according to claim 9 wherein' said predetermined

' amount of data stored in said storage means (22) is in excess of an
amount of digital data read out from said storage means (22) during
resetting from gaid non-recording state to said recording state.
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descri bed previously, so that, even when the systemcontroller 7 10

shoul d detect the occurrence of a track junp etc due to, for exanple,

di st urbances, and t.he operation of reproducing the disc 2 is discontinued,
‘'t he playback data nay be read out fromthe data read-out region having a
space in excess of the predeterm ned d#%a anount to continue the out putting
of the anal ogue audio signals, while the 15 resetting operation may be

executed in the interim It is to be %gﬁﬁ&%that the present invention is
not limted to the above described eff nt For exanple, although the

above disc recording/reproducing apparatus has been expl ai ned i n connection
. 0 1

Wi th recording and/ or b O ASpARAGEs "ode ADPCM 20
audi o dat a, recordi ng andror reprod on nmay p ormed simlarly of the
ADPCM audi o data of other nodes of other CD-I systens. The nethod of data

conpresgion is al sq §fle bédBria¢hg aBpdtdtil! retBRds dIPLEal data by an optical
head (3) such that time compressed digital data are arranged into a
plurality of clusters (C) at an interval of a predetermined number of
sectors, a cluster-llinking sector having a length longer than an
interleaving length is provided at each linking part of each cluster
10 {C), and the.digital data are subsequently intérleaved and recorded on
a disc-shaped recording medium (2) so that interleaving at the time of
data recording on a cluster-by-cluster basis is within the range of
the cluster-linking sector. There 1s also disclosed a disc
reproducing apparatus for reproducing digital data so recorded.

15
Figure 2

oo
-
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of sectors constituting a cluster is not limted to 32, but a cl uskeehe”
be conposed of any ot her nunber of sectors, such as 64 sectors. 1.

A di sc recording apparatus for recording time conpressed digital data on a
di sc-shaped recording medium (2), the apparatus 5 conprising: storage nmeans
(14) for tenporarily storing said digital data; and nmeans (15) for
arranging said digital data read out fr d7sai d storage neans (14) into a
plurality of clusters (C) at an interval: of a predeterm ned nunber of

sectors, annexing cluster-linking sectors at 10 | i nki ng portions of each
of said clusters (C), each of said cluster- |inking sectors being |onger
than an interleaving length for said %{)l ’g a .
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¢

digital data, subsequently processing the digital data wthin each of said
clusters (C) by interleaving, and recording interleaved data on said nmedi um
(2)y: 15 2. Appar atus according to claim 1 further conprising control
means (7) for controlling read-out of said storage neans (14) so that, when
the amount of said digital data stored jn_said storage neans (14) exceeds a
first predetern ned anount of data, saié/7irst anmount of 20 - digital data
is continuously read fromsaid storage neans (14), so as continuously to
maintain a witing space 'in excess of a second predeterm ned anount of data
In said storage neans (14)g~spi d control neans (7) also controlling a
recordi ng neans (16) so thag kaid first predeterm ned anount of data of

record data read out 25 HRHermttentl pa-sa4 d storage nmeans (14) is
continuously recorded S ©
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on a recording track on said nmedium (2). 3. Appar atus according to
claint2 wherein said control neans (7) performs a control operation so

t hat, when said recording neans (16) 30 becomes unable to record data,
read-out of the record data fromsaid storage nmeans (14) is discontinued
and said recording neans (16) is reset to_its recording state, said control
means (7) causing the unrecordable recoPd’data to be read out again from
said storage neans (14) for recording continuously with the record data

precedi ng said 35 unrecor dabl e data. 4. Apparatus according to
claim 3 wherein said second 20
y 1BYTE
OOH FFH FFH FFH
FFH FFH FFH |  FFH
FFH FFH FFH OOH
MIN SEC BLOCK MODE
Dago1 D0e002 D003g3 D0004
D0005 D0006: D0007 D0008
D0009 Dgo10 DO011 Do012
D2329 D2330 D2331 D2332
D2333 D2334 D2335 D2336
FIG.3
D000 1 pooo2 D0003 D0004
. FILE CHANNEL
NUMBER NUMBER SUBMODE DATA TYPE
FILE CHANNEL
NUMBER NUMBER SUBMODE DATA TYPE
FIG.4
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prédeterm’ ned amount of data exceeds an anount of data inputted to said
menory nmeans (14) during the reset time fromthe non-recording state to a

recording state. 5 5. Apparatus according to claim 3 wherein
said second predeterm ned amount of data corresponds to an anount of data
for one cluster (C). 6. Appar at uila)ccordi ng to claim1 wherein said
cluster linking 10 sector is fornmed by dummy data not affecting digital
data in said cluster (Q. 7. . Appar atus according to any one of the
precedi ng cl ai ns wherein one sector corresponds to one block or 98 8-to-14
modul ated 15  franmes of a conpact disc. 8. A di sc reproducing
apparatus for reproducin U'l’d:d'TLd comtrrooryl y recorded on a
di sc- shaped recordi ng medi um ﬂ he ggi‘
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apparatus conprising: 20 reproduci ng neans (3) for reproducing record
data which record data are tine conpressed digital data previously arranged
int.o a plurality of clusters (C) at an interval of a predeterm ned nunber
of sectors, to which have been added cluster-|inking sectors so that a
cluster- linking portion is of a length |onger than an interleaving |ength
for 25 said digital data, and which ha¥€? been recorded on said medi um ( 2)
after interleaving said digital data in said cluster (C; storage neans
(22) for deinterleaving playback data fromthe apparatus and storing
digital data fromwhich said cluster |inking sectors have been renoved; 30
tinme expanding neans (23) supplied with said digital data

intermttently read nuLf~LL§nlsaid storage neans (22) and outputting said
digital data as tinme}expandgqd output signals; and
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control neans (7) for effecting witing control of said storage neans (22)
so that, when an anount. of said digital data stored in said 35 st or age
.nmeans (22) becones |ower than a predeternined anount of data, said record
“data are started to be reproduced to wite the reproduced data in said
storage neans (22) so that said predet%kgined anount of 21 digital data
I s-continuously stored in said storage ans (22), said control neans (7)
al so controlling a reproducing position on said nmedium (2) so that
reproduced data intermttently witten in said menory nmeans (22) is

conti nuously rep%gfuced féfn1the recording track 5 on said nedium (2).
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9. Appar atus according to claim8 wherein said control means (7)
detects that said reproducing means (3) is in a non-reproducing state to
termnate witing of digital data in said nmenory neans (22), to 10 reset
sai d reproducing neans (3) to a reproducing state, said control neans (7)
then operating to reproduce unreproduc?q7playback data fromsaid nedium (2)
agdin to wite said reproduced unreproduced playback data is said nenory
means (22) continuous with prior playback data. 15 10. Appar at us
~according to claim9 wherein said predeterm ned anmount of data stored in
said storage neans (22) is in excess of an amount of digital data read out

fromsaid storage p=s £ 22) during resetting f said non-recording state
to said recordi ng
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