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[57] ABSTRACT

A disc recording/reproducing apparatus according to
the present invention intermittently records and repro-
duces compressed digital audio data in normal recor-
ding/reproduction. In high-speed dubbing of digital
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AUDIO DATA RECORDING/REPRODUCING
APPARATUS HAVING DIGITAL HIGH-SPEED
DUBBING FUNCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to audio data
recording/reproducing apparatuses, and more particu-
larly, to an audio data recording/reproducing apparatus
using a magneto-optical recording medium to perform
digital high-speed dubbing of audio data.

2. Description of the Background Art

In conventional high-speed dubbing of an analog
audio signal by two tape recorders, one tape recorder at
the reproduction side reproduces an audio signal at 2
high speed from a tape on which the analog audio signal
is recorded, while the other tape recorder at the record-
ing side records a reproduced audio signal supplied by
the reproduction side tape recorder on a tape travelling
at the same speed as that of the tape of the reproduction
side tape recorder. As described above, in case of the
conventional tape recorder, high speed dubbing of the
analog audio signal can be easily achieved without pro-
viding a special recording/reproduction mechanism or
circuit.

On the other hand, high-speed dubbing of a digital
andio signal involves such a problem as follows. More
specifically, the case should be considered in which
dubbing of a digital audio signal is performed, for exam-
ple, a digital audio signal reproduced from a compact
disc player (a signal of a so-called CD format) is applied
to a digital audio recorder using optical recording or
magneto-optical recording principle to perform dub-
bing of such signal on a disc at a high speed (e.g. four
times as fast as normal speed). In such a case, satisfac-
tory reproduction and recording of such a digital audio
signal can not be achieved unless intensities of beams for
reproduction and recording are increased to be several
times (for example, four times) those of normal repro-
duction and recording at respective sides of reproduc-
tion and recording. Accordingly, there is a probiem in
providing a special recording/reproduction mechanism
or circuit for digital high-speed-dubbing in respective
disc recording/reproducing apparatuses for reproduc-
tion and for recording.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
audio data recording/reproducing apparatuses capable
of easily dubbing a digital audio signal at a high speed
without providing a special signal recording/reproduc-
tion mechanism or circuit.

In short, the present invention relates to an audio data
reproducing apparatus comprising a disc motor for
rotating a disc on which a single continuous recording
track is formed in a spiral manner wherein compressed
digital audio data obtained by compressing recording
audio data and having a reduced data amount is re-
corded with the time base thereof compressed at the
fixed linear velocity, an intermittent reproduction cir-
cuit for intermittently reproducing the compressed digi-
tal audio data i.e., by reproducing data that is intermit-
tently recorded upon a disc; from the recording track of
the disc rotated by the disc motor at the fixed linear
velocity, 2 memory for storing the compressed digital
audio data reproduced by the intermittent reproduction
circuit, a data expansion circuit for expanding the com-
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pressed digital audio data stored in the memory to form
first reproduced audio data and outputting this repro-
duced audio data, and a continuous reproduction circuit
for continuously reproducing the compressed digital
audio data from the recording track of the disc rotated
by the disc motor at the fixed linear velocity and contin-
uously outputting the data as second reproduced audio
data.

According to another aspect of the present invention,
an audio data recording apparatus comprises a disc
motor for rotating a disc at a fixed linear velocity, a data
compression circuit for compressing supplied first digi-
tal audio data, 2 memory for sequentially storing the
compressed digital audio data, an intermittent recording
circuit for intermittently reading the compressed digital
audio data stored in the memory and intermittently
storing the compressed digital audio data on the disc
rotated by the disc motor at the fixed linear velocity to
form a single continuous recording track in a spiral
manner and 2 continuous recording circuit for continu-
ously recording second compressed digital audio data
continuously supplied in place of the first digital audio
data on the disc rotated by the disc motor at the fixed
linear velocity to form a single continuous recording
track in a spiral manner.

According to a further aspect of the present inven-
tion, an audio data recording/reproducing apparatus
comprises a disc motor for rotating a disc at a fixed
linear velocity in recording and reproduction, a data
compression circuit for compressing supplied first digi-
tal audio data in recording, an intermittent recording
circuit for intermittently recording the compressed
digital audio data on the disc rotated by the disc motor
at the fixed linear velocity to form a single continuous
recording track in a spiral manner, a continuous record-
ing circuit for continuously recording second com-
pressed digital audio data continuously supplied in place
of the first digital audio data on the disc rotated by the
disc motor at the fixed linear velocity to form a single
continuous recording track in a spiral manner, an inter-
mittent reproduction circuit for intermittently repro-
ducing the compressed digital audio data from the sin-
gle continuous recording track formed on the disc ro-
tated by the disc motor at the fixed linear velocity in
reproduction, a data expansion circuit for expanding the
compressed digital audio data reproduced intermit-
tently to form first reproduced audio data, and a contin-
uous reproduction circuit for continuously reproducing
the compressed digital audio data from the single con-
tinuous recording track formed on the disc rotated by
the disc motor at the fixed linear velocity and continu-
ously outputting the data as second reproduced audio
data.

Therefore, the main advantage of the present inven-
tion resides in the provision of means for continuously
reading the compressed digital audjo data intermittently
recorded on a recording track of a disc and/or means
for continuously recording the continuously supplied
compressed digital audio data on the recording track of
the disc, in an audio data recording/reproducing appa-
ratus for intermittently recording the compressed digi-
tal audio data on a recording medium and/or reproduc-
ing the data therefrom, thereby enabling a high-speed
dubbing of a digital audio signal with a simple structure.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
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of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram showing a disc
intermittent recording/reproducing apparatus to which
the present invention is applied.

FIG. 2 is a block diagram showing a system control
circuit in FIG. 1 in detail.

FIG. 3 is a timing chart illustrating the principle of 10

high-speed dubbing according to the present invention.

FIG. 4 is a block diagram showing a high-speed dub-
bing system according to one embodiment of the pres-
ent invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to FIGS. 1 and 2, one example of a
common disc intermittent recording/reproducing appa-
ratus to which the present invention is applied will be
described. FIG. 11is a schematic block diagram showing
the structure of a recording/reproducing apparatus for
a small size disc as one example of such disc intermittent
recording/reproducing apparatus. The small size disc
has been proposed as a portable or car disc player. It is
possible to record audio information on such disc by
employing a magneto-optical recording principle, with
a maximum recording capacity of 74 minutes of audio
data on one side of the disc which is about 7 cm in
diameter.

Briefly described, intermittent recording/reproduc-
tion of a digital audio signal by using the small size disc
is carried out by thinning out (compressing data) a digi-
tal audio signal to 1/5, for example, to record the com-
pressed signal on a disc based on the magneto-optical
recording principle in recording, while expanding the
data reproduced from the disc on the magneto-optical
reproduction principle to be five-times to form a contin-
uous digital audio signal in the same manner as the
original signal in reproduction.

More specifically, during recording, data of a contin-
uous digital audio signal corresponding to a period T
(for example, 2 seconds) is compressed into 1/5 and the
compressed data is recorded during T/5 period (0.4
seconds) as well as while a head for recording is in a
stand-by state during the remaining 4T/5 period (1.6
seconds), processing is undertaken including checking
whether the above recording has been properly per-
formed.

In reproduction, the compressed audio signal is re-
produced during T/5 period (0.4 seconds) and while a
pick-up for reproduction is in a stand-by state during the
remaining 4T/5 period (1.6 seconds), a processing for
subsequent reproduction is performed. Then, the repro-
duced compressed audio data is expanded to be five
times and output as a continuous audio signal during the
subsequent period of T.

The above-described small size disc commonly em-
ploys the magneto-optical recording/reproduction
principle for recording/reproduction of digital audio
data. The magneto-optical recording/reproducing prin-
cipal is described in detail in, for example, articles enti-
tled “Multimedia Type Digital Audio Disc System” by
S. Murata et al., IEEE Transactions on Consumer Elec-
tronics, Vol. 35, No. 3, August 1989 and “Erasable
Digital Audio Disk System” by K. Torazawa et al,
Applied Optics, Vol. 25, No. 22, 1986. In short, a mag-
netic layer of the disc is heated by a laser beam and the
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4

magnetic layer is magnetized in that state by a recording
signal to hold information in the disc.

In addition, in the small size disc to which the present
invention is applied, a single continuous guide groove is
formed in a spiral manner in advance on the disc surface
and an ATIP code (Absolute Time in Pregroove) indic-
ative of an absolute position of the recording track is
multiplexed in the guide groove in advance. The ATIP
code, constituted by an absolute time and a frame num-
ber, is multiplexed for each frame.

The ATIP code is multiplexed into the guide groove
in a manner as described in the following. That is, the
ATIP code is frequency-modulated, with a frequency
deviation range set to 22.05+1 KHz. The above-
described guide groove is formed in a zigzag fashion in
response to the modulated signal. Then, upon irradia-
tion of thus formed guide groove with a laser beam, a
modulated signal component is detected by a push-pull
method as a tracking error signal, which signal is used
as an index indicative of an absolute address of a record-
ing track at the time of recording and reproducing
audio data. In addition, since the central frequency of a
carrier of the FM modulation of the ATIP code is pre-
viously set to be 22.05 KHz as described above, said
detected tracking error signal can be used for detecting
a linear velocity of the rotation of the disc.

Herein, in the above-described intermittent recording
or reproduction, a head for recording or a pick-up for
reproduction should always follow the end of a track on
or from which recording or reproduction has been done
immediately before, during the above-described stand-
by period of 4T/5, for subsequent recording or repro-
duction. Thus, by repeatedly jumping the head or the
pick-up back to a previous address every time the pick-
up reproduces the ATIP code of the end of the track
on/from which recording or reproduction is done im-
mediately before, the head or the pick-up is held near
the end of the recording track at all times to record or
reproduce compressed audio data at a start of subse-
quent recording or reproduction. In this way, intermit-
tent data recording forms a single continuous recording
track in a spiral manner while data is intermittently
reproduced from the continuous spiral recording track.

With reference to FIG. 1, a specific structure and
operation of a recording/reproducing apparatus for
such a small size disc will be described. With reference
to FIG. 1, a recording/reproduction switch 28 is
switched to a contact R at the time of recording. An
analog audio signal supplied from an external audio
signal source (not shown) is applied to an input buffer
memory 11 after being converted into a digital audio
signal by an A/D converting circuit 10, or a digital
audio signal supplied from an external audio signal
source (not shown) is applied directly to the input
buffer memory 11.

The output data of the input buffer memory 11 is
compressed into 1/5 by a data compressing circuit 12
and stored in a compressed data storing memory 13.
The compressed data stored in the memory 13 is inter-
mittently read for every predetermined number of
frames, supplied to a CD-ROM encoder 14 through the
recording/reproduction switch 28 and converted into a
CD-ROM code. The output of the CD-ROM encoder
14 is applied to a CD-DA encoder 15 wherein the out-
put is supplied with a sub-code and converted into a
recording signal of a CD format. The recording signal
of the CD format is supplied to a magnetic head drive
circuit 16.
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Meanwhile, with a magnetic layer of a disc D being
heated by a laser beam (not shown) directed from a
pick-up 5 to the rear side of the disc D, a magnetic head
6 driven by the magnetic head driving circuit 16 magne-
tizes the magnetic layer in a guide groove, so that a
track is intermittently formed for every fixed unit of
compressed digital audio data based on the above-
described magneto-optical recording principle, thereby
forming one continuous recording track in 2 spiral man-
ner as a whole in the guide groove.

In reproduction, the recording/reproduction switch
28 is switched to a contact P side. Then, the compressed
digital audio data is intermittently reproduced from the
recording track of the disc D by the pick-up 5 based on
the magneto-optical reproduction principle, amplified
by a head amplifier 4 and then again amplified by an RF
amplifier 9. After being subjected to predetermined
processings such as error correction by a CD-DA. re-
corder 17 and a CD-ROM decoder 18, the output of the
RF amplifier 9 is intermittently supplied to and stored in
the compressed data storing memory 13 through the
recording/reproduction switch 28. The compressed
data stored in the memory 13 is continuously read and
applied to a data expanding circuit 19 wherein the data
is expanded to be five times, which is applied to an
output buffer memory 20. The output of the output
buffer memory 20 is externally output as a reproduced
digital audio signal, while the output is also applied to a
D/A converting circuit 21 wherein the output is con-
verted into a reproduced analog signal to be externally
output.

In response to a reference signal of 22.05 KHz ob-
tained by frequency-dividing a fixed oscillating output
of an oscillator (not shown) in the CD-DA decoder 17
and a reproduced FM modulated signal corresponding
to the above-described ATIP code and detected by an
ATIP decoder 3 from the output of the head amplifier
4, a disc servo circuit 2 generates a servo control output
and supplies the output to a disc motor 1 such that an
average carrier frequency of the reproduced FM modu-
lated signal coincides with the frequency 22.05 Hz of
the reference signal. As a result, a linear velocity of the
rotation of the disc D is constantly maintained in re-
cording and reproduction.

A pick-up control circuit 7 performs tracking control
and focusing control of the pick-up 5 based on the out-
put of the head amplifier 4. In addition, the pick-up
control circuit 7 generates a plurality of track jump
pulses in synchronization with a track jump instruction
signal supplied from a system control circuit 29 and
supplies the same to the pick-up 5, and the circuit 7 also
charges a light intensity of the laser beam emitted from
the pick-up 5 in response to a recording start timing
pulse supplied from the system control circuit 29.

A sub-code generation circuit 8 estimates a ATIP
code corresponding to a subsequent frame based on the
ATIP code detected by the ATIP decoder 3 to form a
sub-code corresponding to the estimated code and
supplies the same to the CD-DA encoder 15.

FIG. 2 is a block diagram showing the system control
circuit 29 of FIG. 1 in detail. First in recording, the
system control circuit 29 compares a write address and
a read address of the compressed data storing memory
13 by using an address comparing circuit 22, thereby
detecting the amount of the storage data in the com-
pressed data storing memory 13. When it is detected
that the storage data amount of the memory 13 exceeds
a fixed amount, a recording instruction circuit 23 gener-
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6

ates a recording instruction signal and applies the same
to a recording timing pulse generation circuit 24 and a
stand-by position change circuit 26.

The stand-by position change circuit 26 receives the
recording instruction signal to designate a subsequent
stand-by position of the pick-up 5, that is, a position of
the end of the recording track. According to the change
of the stand-by position of the pick-up 5, a track jump
instruction circuit 27 generates a track jump instruction
signal including a plurality of pulses and applies the
same to the pick-up control circuit 7 at a time point
when the ATIP code detected by the ATIP decoder 3
coincides with the stand-by position of the pick-up 5.
When the ATIP code does not coincide with the stand-
by position, the track jump instruction circuit 27 stops
generating a track jump instruction signal and carries
out continuous recording of data up to a subsequent
stand-by position.

The recording timing pulse generation circuit 24
receives a synchronization detection output of the
ATIP code by the ATIP decoder 3 to generate a re-
cording timing pulse and applies the same to the pick-up
control circuit 7. In recording stand-by state, therefore,
a track jump pulses are supplied from the pick-up con-
trol circuit 7 to the pick-up 5 in response to a track jump
instruction signal to control the pick-up 5 to continue to
follow a frame of the end of the recording track. After
generation of a recording instruction signal, however, a
stand-by position has been changed, so that no track
jump instruction signal is generated and continuous
recording of data is performed.

The recording timing pulse is supplied to the com-
pressed data storing memory 13, the magnetic head
drive circuit 16 and the pick-up control circuit 7,
thereby starting intermittent read of the compressed
data from the memory 13, driving the magnetic head
drive circuit 16 and changing the light intensity of the
laser beam of the pick-up 5 to a high level. Each of the
beginning and the end of the recording track has link
frames without including audio data additionally re-
corded thereon to form seams in the recording track.

If reproduction, the system control circuit 29 com-
pares a write address with a read address of the com-
pressed data storing memory 13 by using the address
comparing circuit 22 to detect the storage data amount
in the memory 13. A reproduction instruction circuit 25
generates a reproduction instruction signal and applies
the same to the pick-up control circuit 7 and the stand-
by position change circuit 26 when detection is made
that the storage data amount in the memory 13 is equal
to or less than a fixed amount.

On receiving reproduction instruction signal, the
stand-by position change circuit 26 designates a subse-
quent stand-by position of the pick-up 5, that is, the
position of the end of the reproduction track. Accord-
ing to the change of the stand-by position of the pick-up
5, the track jump instruction circuit 27 generates a track
jump instruction signal including a plurality of pulses
and applies the same to the pick-up control circuit 7
when the ATIP code detected by the ATIP decoder 3
coincides with the stand-by position of the pick-up 5.
When the ATIP code does not coincide with the stand-
by position, the track jump instraction circuit 27 stops
generating a track jump instruction signal and data is
continuously reproduced up to a subsequent stand-by
position of the pick-up 5.

In a stand-by state, the pick-up control circuit 7
supplies a track jump pulse to the pick up § to control









