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[57] ABSTRACT

Apparatus and method of recording and reproducing
data using a disk to record musical performance data.
Data related to the music and start times for each piece
of music are recorded onto a table of contents section of
the disk and the operation is controlled according to
this data. Therefore, wasteful reproduction operation is
avoided when there exists non-recorded areas between
pieces of music or when a piece of music shorter than
the initial piece of music is recorded overlapped
thereon, enabling the music to be favorably reproduced.
In carrying out the (sound) recording operation, fur-
thermore, the non-recorded areas can quickly be found.

8 Claims, 8 Drawing Sheets
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APPARATUS AND METHOD OF RECORDING
AND REPRODUCING DATA USING A DISK

FIELD OF THE INVENTION

This invention relates to an apparatus and a method
of recording and reproducing data using a disk on
which information, such as musical performance infor-
mation, can be recorded.

BACKGROUND OF THE INVENTION

There are so far been developed an optical disk on
which audio signals, for example, are recorded in a
digital form, or a so-called compact disk. On the com-
pact disk, all the pieces of music are recorded and to end
such that, in case of normal reproduction, the reproduc-
tion operation is continued after the end of the repro-
duction of a piece of music such that the next piece of
music follows immediately thereafter.

Since the compact disk is dedicated to reproduction,
it is desired that a disk system be evolved in which the
disk is recordable and in a relation of superior compati-
bility with respect to the compact disk. However, in
such disk system, all the musical pieces are not always
recorded end to end such that an unrecorded portion
may exist for example between the first and second
pieces of music. If the continuous reproduction opera-
tion were performed in this case, the silent portion
would be continuously reproduced from the end of the
first piece of music until the start of the second piece of
music. In case of a so-called overlapped recording, that
is, when a new piece of music is recorded over a previ-
ously recorded portion, the original musical piece occa-
sionally remaining after the end of the newly recorded
musical piece would also be reproduced.

In addition, when performing a recording (sound-
recording) operation, it is rather difficult to find the
unrecorded portion and a lot of time may be involved in
finding such portion.

In view of the above described problems, it is an
object of the present invention to provide an apparatus
and a method of recording and reproducing data using
a disk wherein optimum reproduction can be performed
without losses in the reproduction operation even when
an unrecorded portion or portions exist between ajoin-
ing pieces of music, or when a piece of music shorter
than the previously recorded piece of music is recorded
overlapped thereon. It is another object of the present
invention to provide a method and an apparatus for
recording and reproducing data using a disk wherein an
unrecorded portion of the disk can be found promptly
in the course of the recording (sound recording) opera-
tion.

SUMMARY OF THE INVENTION

The apparatus for recording and reproducing data
using a disk including a Table of Contents (“TOC”)
section in which the absolute time information is previ-
ously recorded and in which the first information indi-
cating at least the numbers and the start time points of
the respective musical pieces based on said absolute
time information can be recorded, and a data region in
which the second information such as the musical per-
formance information can be recorded, includes, ac-
cording to the present invention, means for reproducing
said first information already recorded in said TOC
section and transcribing the reproduced first informa-
tion in a memory element in the apparatus upon attach-
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ment of said disk to the apparatus, means for writing
said first information in said memory element at the time
of recording said second information on said disk, and
means for recording the information stored in said mem-
ory element into said TOC section of the disk after the
end of recording and before taking out said disk.

The method for recording and reproducing data
using a disk including a TOC region in which the abso-
lute time information is previously recorded and in
which the first information indicating the numbers and
the start time points of the respective musical pieces
based on said absolute information can be recorded and
a data region in which the second information such as
the musical performance information can be recorded,
includes, according to the invention, reproducing said
first information previously recorded on said TOC sec-
tion at the time of disk attachment and transcribing the
reproduced first information, writing said first informa-
tion on said memory element at the time of recording
said second information on said disk, and recording the
information stored in the memory element in the TOC,
section of the disk after the end of recording and before
taking out said disk.

According to the present invention, the operation is
controlled on the basis of the information indicating at
least the numbers and start time points of the respective
pieces of music. Thus the optimum reproduction may be
achieved without wasteful reproducing operation even
when there exist unrecorded portions between the ad-
joining pieces of music or when a piece of music shorter
than the previously recorded piece of music is recorded
overlapped thereon. In addition, the unrecorded por-
tion can be located promptly in performing a recording
(sound-recording) operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit block diagram showing an embodi-
ment of the apparatus for recording and reproducing
data using a disk according to the present invention;

FIG. 2 is a diagrammatic view showing a disk in the
above embodiment and also showing a portion of the
performance area thereof on an enlarged scale;

FIG. 3 is a diagrammatic view showing the construc-
tion of data recorded in the emboss region and in the
data record region;

FIG. 4 is a diagrammatic view showing an example of
construction of a pattern of indentations in the emboss
region;

FIG. 5A-D and C' are a diagrammatic view showing
a practical example of the construction of the pattern of
indentations;

FIG. 6 is a flow chart illustrating an example of the
operation during the usual recording operation;

FIG. 7 is a flow chart ilustrating the usual reproduc-
ing operation; and

FIG. 8 is a diagrammatic view illustrating of the
effect.

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will be ex-
plained hereafter in detail by referring to the accompa-
nying drawings.

A disk employed in the present embodiment will be
explained first of all by referring to FIG. 2. in FIG. 2,
the recording disk is an opto-magnetic disk. for exam-
ple, having a diameter of 12 cm and provided with
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perpendicular magnetized film exhibiting a magneto-op-
tical effect, and is driven into rotation at a constant
linear velocity (CLV). On the recording disk 1, there
are spirally formed pre-grooves 2 each A/8 deep, A
being the wavelength of the laser beam. In the areas
between the adjacent pre-grooves (or “lands”) 2, em-
boss regions 4 consisting of patterns of indentations (or
“pitts”) 3 and data recording regions § in which opto-
magnetic recording is performed, are alternately
formed at the respective equal pitches and along the
circumferential direction of the disk. A pit 3 has a depth
of /4.

The construction of a frame defined by the compact
disk format is shown in FIG. 3. Each frame is composed
of 588 channel bits and formed by data modulated ac-
cording to an eight-to-fourteen modulation (“EFM”)
format. Thus each frame is composed of a 24-bit frame
sync signal, a 14-bit or 1-symbol sub-code and 32X 14
bits, or 32 symbols, of data and parity codes, such as
musical performance information. The respective sym-
bols are connected by merging bits each consisting of 3
bits, so that the sum-total of the bits is 588."

Of the data constituting the aforementioned frame,
the frame sync signals and the sub-codes are recorded
previously in the form of patterns of indentations on the
emboss region 4 while the data, such as musical perfor-
mance information, and the parity codes are
photomanetically recorded in the aforementioned data
recording region 5. As described below, the sub-codes
previously recorded in the emboss region 4 are only
Q-channel data and, furthermore, only the absolute time
information from the beginning to the end of the the
musical performance information area.

In the lead-in area towards the center of the disk 1,
there is provided a table of contents (“TOC”) section 6
in which can be recorded information concerning the
number of each musical piece, and the start time and
end time thereof based on the aforementioned absolute
time information. Opto-magnetic recording is normally
used in this TOC section 6. Emboss regions 4 composed
of the aforementioned patterns of indentations are also
provided in the lead-in area apart from the TOC section
6 to make possible starting the rotating of the disk 1 the
lead-in area by the CLV servo 11 which is adapted for
rotationally driving a recording disk 1 at the constant
linear velocity. The CLV servo 11 is described below
FIG. 1. »

An example of the construction of the patterns of
indentations 3 in the emboss region 4 will now be ex-
plained by referring to FIG. 4. It is the frame sync
signal and the sub-code, including 3 merging bits and
thus totaling 41 bits, that are recorded as the pattern of
identations 3 in the emboss region 4. The 1st through
24th bits represent a frame sync signal which is made up
of a pattern of indentations 3 of 11T-11T-2T according
to the format for a compact disk, wherein T designates
a period of channel clocks (4.32 MHz). The 25th
through 27th bits and 28th through 41st bits represent
merging bits and the sub-codes, respectively. The sub-
code recorded herein is only Q-channel data and fur-
thermore only the absolute time information from the
beginning to the end of the musical performance infor-
mation area. More particularly, it is the 14 bits that are
recorded as the sub-codes, but it is only the Q-channel
and, furthermore, only the absolute time information,
that is desired to be recorded as the information. The
absolute time information consists of minute (AMIN),
second (ASEC) and frame (AFRAME) information.
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The leading portion of the emboss region 4 is de-
tected by an optical pickup 12, the detection output
signal of which is used for phrase comparison within
phase-lock loop circuit of the CLV servo 11 for rota-
tionally driving the disk 1 at a constant linear velocity.
The CLV servo 11 synchronizes on the detected lead-
ing portion so that high precision and reliability can be
achieved. The leading portion is so important in this
manner that the leading portion of the frame sync signal
corresponding to the first bit of the emboss region 4
should be formed as a pit 3. Thus, while a pattern of
indentations 3 opposite to the one shown herein may be
envisaged according to the format of the compact disk,
it is desirable to adopt a pattern beginning with a pit 3 if
a pattern of 11T-11T-2T is employed.

The three merging bits following the sub-codes
should be formed as lands so that if detection of the ends
of frame sync signal or subcode pits 3 intruders into the
land portions (merging bits), due for example to the
response delay, the effect to such intrusion will be ab-
sorbed at the merging bits. This will prevent the situa-
tion where the data recording region § where the opto-
magnetic recording is performed, is affected by code-to-
code interference. Also, since it is prescribed by the
compact disk format that the pit portion and the land
portion be 3T and 11T, respectively, it is necessary that
the shortest duration of the pits 3 occasionally existing
at the trailing end of the emboss region 4 be 3T. The
merging bits between the frame sync signals and the
sub-codes are determined according to the above men-
tioned 3T-11T rule.

Since only Q-channel data constitutes the aforemen-
tioned sub-code, it suffices in effect that patterns corre-
sponding to Q=0, Q=1 be selected from among the 128
patterns. In this manner, a pattern with the maximum
clock (bit clock) component can be selected. As an
example, the emboss region 4 in its entirety can be
formed with only the four patterns shown in FIGS. 5A
through 5D. Thus the block sync signals S0. S1 of the
sub-code are made up of the patterns of indentations 3 as
shown at A and B in FIG. §, respectively. The cases
Q=0 and Q=1 are made up of the patterns of indenta-
tions 3 as shown at C and D in FIG. 5, respectively. For
the cases Q=0 and Q=1. patterns including repetitions
of 3T are used in order that the clock component will
become maximum. It should be noted that for simplicity
the same pattern for the frame sync signal is used in the
above cases.

Moreover, when the frame sync signal is identified by
the leading portion of the emboss region 4, the frame
sync signal need not to be formed in accordance with
the 11T-11T-2T pattern, but may be formed by the
patterns including repetitions of 3T. Such a pattern for
the case Q=0 shown at C in FIG. 5 is shown at C’ in
FIG. 5. In this manner, the clock component can be
increased with increased quality of clock reproduction
and increased facility in the construction of a phase-
locked loop circuit adapted for bit demodulation. In
such case, however, when the repetitive 3T patterns are
detected, these need to be converted into the pattern of
11T-11T-2T before they are supplied to an EFM de-
coder. It should be noted that the pattern of the merging
bits in FIG. 5C differs from that in FIG. 5C'.

The construction of the disk recording/reproducing
apparatus adapted for recording and/or reproducing
audio signals using the above described recording disk 1
will be explained by referring to FIG. 1. In FIG. 1. the
recording disk 1 is driven into rotation at a constant






