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DUBBING APPARATUS AND DUBBING METHOD

BACKGROUND OF THE INVENTION

The present invention reiates to a dubbing
apparatus and a dubbing method. More particularly, the
invention relates to a dubbing apparatus and a dubbing
method designed for copyright protection using functions
to ﬁanage program data to be dubbed.

In recent years, CD players for playing.back CDs
(compact discs; registered trademark) have come into
general use. Concurrently gaining widespread acceptance
are disc media such as Mini-disc {MD; registered
trademark) to and from which audio data are recorded and
reproduced, as well as recording énd reﬁroducing
apparatuses for handling such disc media. Today, audio
systems combining an MD recorder/player. addressing the MD
with a CD playér are receiving widespread use.

The MD recorder/player, CD player, and systems
combining these devices manage audio data in uniﬁ; of so-
called programs. In this specification, a program refers
to a group of data recorded and managed as a data_unit on
the disc. Illustratively, one piece of music (generally
known as a track) represents one program of audio data.

In the description that follows, the words "programs" and
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“tracks" will be used interchangeably.

Audio systems of the above-described type are
generally capable of what is known as dubbing recording,
i.e., a procedure for-recording audio data reproduced b}
a Cb player onto an MD in an MD recorder/playef. Some
systems are designed to offer so-called high-speed
dubbing so as to shorten the time of dubbing recording.

In high-speed dubbing mode, the CD player controls
its disc drive control portion and its reproduced signal
processing portion in such a manner as to reproduce data
from a CD at a predetermined multiple-fold speed, i.e., a
speed multiplying the standard speed by a predetermined
value. OQ the side of the MD re?order/player, its
recording circuit portion is controlled to operate in
keeping with the multiple-fold playback speed for the CD
in question so as to receive audio data from the CD
prPlayer for recording onto an MD.

Illustratively, fd: equipment combining a CD player
{reproducing apparatus) integrally with an MD
recorder/player (recording apparatus), it is easy to
control the two devices concurrently at the predetermined
multiple-fold speed for high-speed dubbing. If the
recording apparatus is physically separated from the

recording apparatus, the two may still be connected via a



control cable or the like for interactive communication
therebetween,'whereby operation of the two devices is
readily controlled in synchronism for high-speed dubbing.

The act of dubbing involves duplicating copyrighted
materials such as pieces of music.and is thus regarded by
those concerned as detrimental to cbpyright holders"
~benefits. From their point éf view, dubbing is an act
that should be discouraged and if possibie prohibited.

The fact is that there is widespread practice of
dubbing at speeds higher than the standard speed. That
means there have been trends toward greater numbers of
pieces of music {tracks) dubbed per unit time at higher
speeds than at the standard speed.

Suppose that a user copieé one CD or one of the
pieces of music (tracks) on the CD onto MDs which are so
numerous that they exceed the reasonably expected range
of personal use, and that the u;er sells the multiplied
MDs containing the. same contents Eo third parties. This
is a violation of copyrights.

In that case, if the user employs a high-speed
dubbing function to copy pieces of music (tracks}) to MDs
at a higher speed, the MDs will be prepared more
efficiently tﬁan if the copying is done at the standard

speed. That is, the high-speed dubbing function can



encourage the infringement of copyrights.

Under such circumstances, a standard called HCMS
{({High-speed Copy Management-éysteﬁ) has been proposed.
HCMS stipulates that when digital sound sources such as a
CD are recorded at high speed to media such as MDQ; any
one track (piece of music) once dubbed at high speed is
to be inhibited from being dubbed again at high speed for
at least 74 minutes starting from the time the track in
gquestion began to be dubbed at high speed. -The high-speed
dubbing inhibited time is set for 74 minutes because the
maximum playback time of a CD is nominally 74 minutes. In
other words, high-speed dubbing is suppressed during the
period of time required normally to play back an entire
CD. This measure is designed to_keep the efficiency of
dubbing per track substantially the same as in standard-
speed dubbing.

HCMS-compatible apparatuses are structured to
ensure that any one track, once dubbed at high speed,
will not be dubbed again at high speed within 74 minutes
of the point in time at which the track in-question began
to be dubbed. One such HCMS-compatible apparatus proposed
by this applicant is incorporated by reference in U.S.

Patent Application Serial No. 09/520,116 filed in March 6,

2000.



Figs. 1A, 1B and 1C are explanatory views showing
how data reproduced from a CD are recorded to an MD at
high speed. Fig. 1A indicates a remaining-recordable time
of the MD, i.e., the recordable capacity of the MD
expressed in temporai terms. Fig. 1B depicts typical
recorded contents of a CD which is a source of recording.
In this example, at least seven tracks Tril thrdugh 7,
etg., are shown recorded on the CD.

It is assumed that the CD in Fig. 1B is played back
in ascending order of track numbers starting from track
Trl and that.the reproduced data are recorded at high
speed to the MD shown in Fig. 1A.

As illustrated in Fig. 1A, the remaining recordable
time of the MD corresponds to the total playback time of
tracks Tril through Tr5 plué the time it takes to
reéroduce data halfway through the next track Tré6 on.the
CD. -

When the-recording is allowed to proceed un#il the
recordable time of the MD is exhausted, each of the
tracks Trl through Tr5 among those in Fig. 1B is fully
recorded from start position to end position whereas the
track Tr6 is recorded énly up to a halfway position.

As a result, under HCMS provisions, the tracks Trl

through Tré are subject to HCMS management as shown in
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the lower part of Fig. 1B. That is, the tracks Trl
through TrS5 each fully accommodated by the MD are
inhibited from getting dubbed again at high speed for at
least 74 minutes from the time each track began to be
recorded. The track Tr6, a part of which has been
recorded, is also subjec¢t to HCMS management. As.shown
schematically in Fig; 1C, the track Tré applicable'to
HCMS management is inhibited from getting recorded onto a
newly loaded MD at high speed for the next 74 minutes.

When, according to HCMS requirements, the pgrtially
recorded track Tré is a;so subject to HCMS management as
shown in Fig. 1B, some inconveniences are bound to result
as will be described below with reference to Fig. 2A
through 2C and 3A through 3C.

FPig. 2A shows part of the same recorded contents of
the CD as those shown in Fig. 1B. Fig. 2B schematically
depicts MD-1, ize., part of the same MD shown in Fig. 1A.

Suppose that the data reproduced from the CD dré
recorded at high speed to MD-1 as in the case of Fig. 1A.
In that case, the recordable capacity of MD-1 is
exhausted and the recording comes to an end when the
track Tr6 has been partially recorded.

Suppose now that the user wants to record the

unrecorded portion of the CD shown in Fig. 2A to another



MD within a relatively short time following the just-

ended recording operation. Frequently such eventualities
can occur in which the contents of one CD are desired to
be recorded to ; plurﬁlity of Mbs.

In the situaﬁion depicted in Figs. 2A and 2B, for
example, the partially recorded track Tré is an extra on
MD—l,-i.e.; a portion not really necessary. on that
particular MD from the user's point of view. Usually the
user wants to record the track Tré in its entirety from
the start position to a new MD at high speed.

However, having been partially recorded to MD-1,
the track Tr6 is now inhibited from getting recorded
again soon afterwards at high speed under HCMS management.
That means itlis prohibited.to record the track Tré from
its start position to MD-2 (a new MD)} at high speed
within a predeter@ined period of time (74 minutes) after
the recording to MD-1, as depicted in Fig. 2C.

The MD recorder/player is designed to accumulate
recordable data temporarily in its buffer memory before
writing the data to an MD. That design permits so-called
seamless recording-whéreby a group éf recordable data is
recorded in a seamless, uninterrupted manner to a
plurality of MDs. A scheme of such seamless recording

proposed by this applicant is incorporated by reference



in . U.S. Patent Application Serial No. 09/315,235 filed in
May 5, 1999. To carry out seamless recording requires the
use of a changgr type MD recorder capable of
accommodating a plurality of MDs and loading them one by
one for recording. -

Figs. 3A through 3C indicate an example of seamless
recording. Figs. 3A and 3B show how high-speed dubbing is
performed in the saﬁe manner as in Figs. 2A and 2B. That
is, the recordable capacity of MD-1 has been used up with
track Tr6 on the CD partially recorded.

Illustratively, suppose that the recording of data
to MD-1 has ended as shown in Fig. 3B. With seamless
recording in effect, recording of data to the next disc
MD-2 begins frém the position next to the end position of
track Tr6 on MD-1, as depicted in Fig. 3C.

According to HCMS provisions,. if transition from
MD-1 to MD-2 is rggarded as reshmptibn of the current
recording operation: the track Tr6 is barred from getting
dubbed at high speed because the track Tré waé already
subject.to HCMS m;nagement when its recording began on
MD-1. In such a case, it is imﬁossible to.continue
sgamless fecording of the interrupted conténts from one
MD to another at high speed.

As outlined above, high-speed dubbing under HCMS



provisions can result in some inconveniences particularly
when stored contents of one CD are recorded to a
plurality of MDs. That is, any oﬁe track becomes subject
to HCMS management even it has been recorded oﬁly
partially on one MD in high-speed mode. It is impossible
to qub the track in question soon afterwards to a new MD
at high speed.

The injunction is unreasonable from the user's
point of view. The benefits of the dubbing function

appear to be restricted more than is reasonably deemed

necessary.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention
to overcome the above and othér deficiencies of the prior
art and to provide, with copyrightlprotection duly taken
into account, a dubbihg apparatus and-a dubbing method
for averting cases of inconveniences in which, when one
recordable source is to be recorded to two storage media,
any prbgrgm (track) partially recorded earlier on one
storage medium is barred from being dubbed soon
afterwards to the next storage medium.

In carrying out the invention and according to one

aspect thereof, there is provided a dubbing apparatus for



dubbing, at a predetermined speed higher than a standard
dubbing speed, programs rep;oduced from a first storage
medium serving as a dubbing source onto.a second storage
medium acting as a dubbiﬁg destination, the first storage
medium inciuding a prégram area and a management area,
the program area having a plurality of programs recorded
therein, the management area retaining management
informatiop for managing the programs stored- in the
program area, the dubbing apparatus comprisiﬁg: a
comparing element for compafing a total amount of data
constituting programs to be dubbed at the higher speed
among the plurality of programs recorded on the dubbing
source first storage medium, with a recordable capacity
of the dubbing destination second storage mediuﬁ; a
recording controlling element which, if the comparing
element judges that the total amoﬁnt of the data
constituting the programs td.be dubbéd from the dubbing
source first storage medium is greater than the
recordable caﬁacity of the dubbing destination second
storage medium, then dubs at the higher speed at least
the progréms.that are recordable each in its entirety
onto the dubbing destinati;n-second storage medium within
the recordable capacity thereof; and a storing element

for storing a disable flag and an enable flag, the
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disable flag inhibiting for a predetermined period of
time a new session of dubbing at the higher speed of each
of ;he programs that héve been recorded each in its
' entirety at the higher speed onto thé dubbing destigation
second storage medium, the enable flag allowing a program
not accommodated in its entirety by the dubbing
destination second storage medium to be dubbed
consecutively at the higher speed.

According to another aspect of the invention, there
is provided a dubbing method for dubbing, at a
predetermined speed higher than a standard dubbing speed,
programs reproduced from a first storage medium serving
as a dubbing source onto a second storage medium acting
as a dubbing destination, the first storage medium
including a program area and a management aréa, the
program area hawving a plurality of programs recorded
therein, thé management area retaining management
inform#tion for managing the programs stored in the
program area, the dubbing method cémprising the steps of:
comparing a total amountlof data constituting programs to
be dubbed at the higher speed among fhe plurality of
programs recorded on the dubbing source first storage
medium, with a recordable capacity of the dubbing

destination second storage medium; if the total amount of
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the data constituting the programs to be dubbed from the
dubbing source first storage medium is judged to be
greater than the recordable capacity of the dubbing
destination second storage medium, then dubbing at the
higher speed at least the programs that are recerdable
each in its entirety ;nto'the dubbing destination second
storage medium within thg recordable capacity thereof;
and storing a disable flag and an enable flag, the
disable flag inhibiting for a predetermined period of
time a new session of dubbing at the higher speed of each
of the programs that have been recorded each in its
entirety at the higher speed onto the dubbing destination
second storage medium, the enable flag allowing a program
not accommodated in its entirety by éhe dubbing
destination second storage medium to be dubbed
consecutively at the higher speed.

Other objects, features and advantages of the

invention will become more apparent upon a reading of the

following description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a schematic view of a recordable area on

an MD used as a recordable medium;

Fig. 1B is a schematic view of a storage area on a
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CD used as a read-only medium, the area containing target
tracks to be dubbed;

Fig. 1C is a schematic view of a track inhibited
from high-speed dubbing for a predetermined period of
time; |

Fig. 2A is a schematic view of a storage area on a
CD used as a.read-only medium, the aréa containing target
tracks to be dubbed;

Fig. 2B is a schematic view of tracks recorded onto
a first MD used as a recordable medium;

Fig. 2C is a schematic view of a position at which
to start recording a track consecutively on a second MD
used as another recordable medium following fhe first MD;.

Fig. 3A is a échematic view of a storage area on a
CD used as a read-only medium, the area containing target
tracks to be recorded;

Fig. 3B is a schematic view of tracks recorded onto
a first MD as a recordable medium;

Fig. 3C is a schematic view showing a position at
which to start recording a ﬁraék consecutively'on a
second MD as-ano;her fecordable medium following the
first MD;

Fig. 4 is a schematic view of a frame structure

‘comprising data stored on a CD used as a read-only
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medium;

Fig. 5 is ; schematic view of a block structure
comprising data stored on a CD used as a read-only
médium;

Fig. 6A i; a schematic view of a Q channel data
gtructure in mode 1 on a CD as a read-only medium;

Fig. 6B is a échematic view of a Q channel data
structure in mode 2 on the CD;

Fig. 6C is a schematic view of a Q channel data
structure in mode 3 on the CD;

Fig. 6D is a schematic view of a Q channel data
structure on an MD used as a read-only medium;

Fig. 7 is a code table listing codes for expressing
alphanumeric characters;

Fig. 8A is a schematic view of a data string of one
frame cycle in a digital audio interface format;

Fig. 8B is a schematic view of a sub-frame data
structure;

Fig. 9 is a table of sub-code information expressed
in U bits;

Fig. 10 is a table of chaﬁnel status information
expressed in C bits;

Fig. 11 is a block diagram of a change; type disc

recording and reproducing apparatus applicable to this
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invention;

Fig. 12 is a schematic view showing a typical
structure of the changer type disc recording and
reproducing apparatus of the invention;

Fig. 13 is a schematic view of a recording format
in which to record data onto an MD used as a recordable
medium;

Fig. 14 is a schematic view of a.data structure in
U-TOC sector 0 on an MD used as a recordable medium; the
sector containing MD management information;

Fig. 15 is a schematic view depicting how discrete
recordable areas are linked one another on an MD used as
a recording medium;

Fig. 16 is a block diagram of a dubbing system
applicable to this invention, the system comprising a CD
player as a reproducing apparatus and an MD recorder as a
recording apparﬁtus; |

Fig. 17 is a view of an HCMS management table
applicable to this invenﬁion;

Fig. 18A is a schematic view of a storage area on a
CD used as a read-only medium, the area containing target
tracks to be dubbed;

Fig. 18B is a schematic view of tracks recorded

onto a first MD as a recordable medium;
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Fig. 18C is a schematic view showing a position at
which to start recording a track consecuti%ely on a
second MD as another recordable medium following the
first MD, the track having been aiready recorded'only in
part to the first MD;

Fig. 19A is a schematic view of a storage area on a
CD usea as a read-only medium, the area containing térget
tracks te be-dubbed;

Fig. 19B is a schematic view of tracks recorded
onto a first MD as a recordable medium;

Fig. 19C is a schematic view of a first example in
which a track is first recorded to the first MD and then
to a second Mb consecutively;

Fig. 20A is a schematic view of a storage area on.a
CD used as a read-only medium, the area containing target
tracks to be dubbed; |

Fig. 20B a schematic view of tracks recorded onto a
first MD as a recordable medium;

Fig. 20C is a schematic view of a second example in
which a track is first recorded to the first MD and then
to a second MD conseéutively;

Fig. 21 is a flowchart of steps constituting a
control routine for use in a track unit recording mode;

Fig. 22 is a flowchart of steps constituting a
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routine for comparing a playing time of a CD as a read-
only medium with a recordable time of an MD as a

recordable medium; and

Fig. 23 is a flowchart of steps constituting a

control routine for use in d seamless recording mode.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will now be
described by referring to the accompanying drawings. One
typical recording apparatus embodying the invention is an
MD (Mini-disc) recorder/player capable of dubbihg. A CD
{compact disc) player is a typical reproducing apparatus
that supplies audio data as a recording source during
dubbing. The MD recorder/player and the CD player, to be
described below, may be either integrally formed or
separately furnished and connected at the time of dubbing.
The description of how the invention is typically
embodied will be given under the following headings:
1. Sub-code
2. Digital Audio Interface
3. CD-MD Dubbing System
3-1. Structure of MD Recorder/Player
3-2. MD Track Format

3-3. U-TOC
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3-4. Structure of CD Player

4. Typical Operations under HCMS Managément'

5. High-épeed Dubbing by the Embodiment

5-1. Basic Concept of Dubbing by the ﬁmbodiment

5-2. Track Unit Recording Mode and Seamless Recording
Mode

5-3. Processing in Track Unit Recording Mode

5-4. Processing in Seamless Recording Mode

1. Sub-code

A sub-code recorded on a CD {compact disc) and an
MD {Mini-disc) is described below with reference to Figs.
4, 5,.6A through 6D, and 7.

In the CD system, as is well known, a single unit
of recorded data constitutes one frame, and 98 frames
make up one block. A typical sfructure of the frame is
shown in Fig. 4. As illustrated, one frame is composed of
588 bits:”the first 24 bits constitute synchronizing data
and the next 14 bits a'sub-éode data area followed by
data and parity bits.

Each block.is made up of 98 frames each having the
above structure. Sub-code data extracted from the 98
frames are arranged into single-block sub-code data

depicted in Fig. 5.
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Of the 98 frames, the first and the second frame
{frames 98n+1 and 98n+2) yield sub-code data that form
synchronizing patterns (S0, S1). The third through the
98th frame (frames 98n+3.throu§h 98n+98).each constitute
9€Lbit channel data, i.e., sub-code data.P, Q, R, 8, T, U,
V and W.-‘ |

| In the case of a CD-DA {digital audio) disc, the P
and Q channel data are used for access management.
Specifically, the P channel represents pauées between
tracks whereas the Q channel {(bits Q1 through Q9%6)
permits more sophisticated controls. The 96-bit QO channel
data are structured as illustrated in Figs. 6A, 6B and 6C.

As is well known, the Q channel data for the CD
fall into three modes: mode 1, mode 2 and mode 3. The
data contents are different form one mode to ancother.

Below is a description of the Q channel data for

the CD classified as mode 1 in Fig. 6A.

As shown in Fig. 6A, the first four bits Ql through
Q4 in the Q channel data constitute controi data CTL that
are used to represent the number of audio channels,
presence or absence of emphgsis, and .CD-ROM

identification.

The four-bit control data are defined as follows:

nQkxxu  two-channel audio
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“i**x+% . four-channel audio

#xQ*%xn = CD-DA {CD digital audio)
Hkl*xW  CD-ROM |

wkkQxn  digital copy prohibited
Wkxjen . digital copy permitted
Wx%x%Q" _ . pre-emphasis not provided
wkkx]"  pre-emphasis provided |

The control data CTL have their bits set as
regquired for each specific CD. This holds true for the
conﬁrol data CTL (bits Q1 through Q4) among the Q channel
data classified as modes 2 and 3, to be described later.

The next four bits QS through Q8 are address bits
ADR. They are used as control bits for data bits Q9
through Q80.

When the four address bits are "0001" ("1" in
decimal notation), they signify that the next bits Q9
through Q80 make'up sub-Q data for an audio CD in mode 1.
The 72 bits 09 through Q80 are used as the sub-Q data
while the remaining bits'Q81 through Q96 are used for CRC
{cyclic redundancy check).

The 72 bits Q9 through Q80 as sub-code contents
carry information divided in units of eight bits, as
shown in Fig. 6A. Recorded at the top is a track number

(TNO) that is one of tracks "01" through "99." In a lead-
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out area, the track number is "AA".

The track number is fo;lowed by an index (INDEX)
that divides the track in question into smaller portions.
The index is followed by MIN (minutes), SEC-
{seconds} and FRAME (frame number) indicating an elapsed

time within the track.

The elapséd-time is followed by an absolute time
address recorded in minutes (AMIN), seconds (ASEC) and a
frame number {AFRAME). An absolute time address is time
information which denotes zero minute, zerc second and
zero frame at the start point of a first track and which
is furnished uninterruptedly up to the lead-out area,.
This is absolute address information for managing each
track on the disc.

Fig. 6B depicts a structure of Q channel data
classified as mode 2. In this example, the address ADR
(bits Q5 through Q8) of the Q channel d;ta in mode 2 is
given as "0010" ("2" in decimal notation). This indicates
that the ensuing sub-é data (bits Q9 through Q80) are
data contents of an audio CD in mode 2.

The sub-Q data (Q9 through Q80) in mode 2 -
accommodate 13 digits N1 through N13 (4 x 13 = 52 bits).
The data N1 through N13 are followed by a zero-bit

segment which in turn is followed by an absolute time
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frame number (AFRAME} and a CRC.

The data N1 ﬁhrough N13 constitute information
identifying a product number of the CD in question; The
data are typically used for bar coding.

Fig. 6C shows a structure of Q chapnel data
classified as mode 3. Under CD-related p;ovisions, ihe Q
_channel data in mode 3 are allowed to be inserted once
into every consecutive 100 sub-coding blocks at the most.

an address ADR (bits Q5 through @8} of the 0 |
channel data in mode 3 is given as "0011" ("3" in decimal
notation). This address indicates that.the ensuing sub-Q
data (Q9 through Q80) constitute Q data contents of an
audio CD in mode 3.

A sub-Q data area made up of bits Q9 through Q80 in
mode 3 accommodates an ISRC fInternational Standard
Recording Code) constituted by 60 bits of data Il through
I12,

The ISRC provides informatién affording a specific
number (identifier) to a track carrying a piece of music.
Illustratively, the ISRC serves as an international
standard code for identifying each piece of music (track)
recorded on a CD for copyright manageﬁent;

The ISRC is followed by a zero-bit segment which in

turn is followed by an absolute time frame number
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(AFRAME) and é CRC.

Of the data Il through I12 constituting the ISRC,
the data I1 through IS5 are each made up of six bits. As
shown in Fig. 7, values represented by the six bits
correspond to chéracters in a predetermined format. The
dafa I6 through I12 are each composed of four bits that
denote characters in BCD kbinary.code decimal code)
format. A two-zero-bit  segment is inserted interposingly
between the data I1 through IS5 on the one hand and the
data I6 through I12 on the other haﬁd.

The data Il and I2 made up of 12 bits constitute a
country code. This is a code that identifies country
names using any two characters among those defined-in Fig.
7.

The data I3 through I5 composed of 18 bits
constitute an owner code. The code is capable of
identifyipg as many as‘24,480 owners using two alphabetic
charactérs and two alphanumeric characters accoraing to
the definitions in Fig. 7.

The eight-bit data I6 and I7, each data item made
of four bits; representla vear of recording by two d;gits
in BCD format.

The 20-bit data I8 through I12, éach data item

composed of four bits, denote a serial number of
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recqrding of the track in question by four digits in BCD .
format.

The ISRC constituted by the above data is inserted
as a sub-code having specific values for-each track. This
is how the tracks are identified on the CD.

There are two kinds of MDs: an MD in the form of a
read-only optical disc containing pits, éﬁd an'MD as a
magneto-optical disc which comprises gréoves and to and
from which data may be written and read. Fig. 6D shows a
structu;e of Q channel data for the read-only MD. A track
number {TNO), index information (INDEX) and a CRC code
are provided on the MD but not time information. The
areas corresponding to the control data CTL (bits Q1

through Q4) and address ADR {(bits Q5 through Q8) are

filled with *0000" each.

2. Digital Audio Interface

Described below is a format used to transmit data
tﬁrough a digipal audio interface between a plurélity of
digital audio devices. Figs. 8A and 8B show a digital
audio interféce format {called the I/O format hereunder)
that complies with IEC 958 provisions.

In the I/0 format, as shown in Fig. 8A, one

sampling period (1/FS) is regarded as one frame that
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forms a basic unit. In a single frame, a digital output

signal ranging from the LSB (least significant bit)_to

the MSB (most significant bit) is transmitted first over

the left (L} channel and then over tﬁe right (R) channel.
The data correspornding to each channel are called a

sub-frame. ‘Fig. 83 depicts a structure of a sub-frame.

One sub-frame is made up of 32.bits. Two sub-frames, i.e.,

one on the left channel and the other on the right,

constitute a single frame.

The first four bits of a sub-frame are called a
preamble that is used for synchronization and sub-frame
identification.

The next four bits are auxiliary bits (AUX),
followed by 20-bit audio data DA constituting main data.

The audio data DA are followed by four control data.
bits Vv, U,.C and P.

The V bit is a validity flag. When set to "0%, the
flag indicates that the sub-frame in question has valid
{reliable) data; whén set té "1,% the flag denotes the
invalid (unreliable) nature of the sub-frame data. The
validity flag allows a receiving-side device to pass
judgments in connection with its data processing

operations.

The U bit represents user data. From each sub-
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frame carrying the U bit, 1,176 bits are extracted on
average to form control data, i.e., a sub-code shown
illustratively in Fig. 9.

Sub-code synchronizing patterns shown in Fig. 5 are
provided corresponding ﬁo.a zero frame and a first frame.
As illustrated in Fig. 9, each frame carrying a U bit is
made of 12 bits. In this example, the last four bits in
each frame are dummy bits.

The second frame through the 97th frame that follow
are each headed by a start bit of *1" followed by the

sub-code data Q through W shown in Fig. 5 and by four-bit

dummy data.

That is, U bits are filled with the sub-code data Q
through W taken unmodified from a CD or Mini-disc on.the
reproducing side; Although the example of Fig. 9 shows.
two start bits are 12 bits apart, the distance may be
varied between 8 and 16 bits by changing the number of
dummy bits.

The C bit shown in Fig. 8B represents channel
statug data. The channel status is defined by a data
format comprising as maﬁy as 192 C bits (i.e., omne wordf
from each of the sub-frames. Fig. 10 depicts a channel

status format.

The first bit (bit 0} of one word indicates whether
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the transmitting device is a consumer model or a
commercial model. The next five bits (bits 1 through 5}
contain control information. Illustratively, bit 2 is a
copyright protection identification bit, and bit 3 is an
emphasis provision identiﬁication 5i£.

Bits 8 th;ough 15 make up a category code CC. Bit
15 is called an L bit representing a generation of
digital audio data; Generally, bit 15 is set to "1" to
represént-commercially issued recorded software. Bits 8
through 14 are filled with specific code settings
depending on the transmitting device.

Illustratively, if the transmi;ting device is a
Mini-disc syétem, the category code CC is set for
"1001001L"; if the transmitting device is a compact disc
system, the category code is set for "lodOOOOL."

Bits 16 through 19 constitute a source number.
Where multiple devices of the same category are
interconnected, each device is identified by its source
number.

Bits 20 through 23 form a channel number. That is,
the bits identify the channel type in the digital audio -
‘interface.

Bits 24 through 27 are assigned a sampling

fregquency identification coede, and bits 28 and 29 define
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a degree of sampling frequency accuracy.

Bit 32 and subsequent bits are not used.

The P bit shown in Fig. 8B is a parity bit.
illustra;ively,-an even pafity scheme is adopted whereby'

checks are made on the auxiliary bits, audio data bits Da,.

and the V, U and C bits for error detection.

3. CD-MD bubbing System
3-1. Structure of MD Recorder/Player

In a CD-MD dubbing system embodying the invention,
a typical structure of an MD recorder/player acting as a
recording appaiatus of the system is déscribed below by
referring to Figs. 11 and 12.

~As shown in Fig. 12, the MD recorder/player 1 is
composed of a stocker 101 and a recording and reproducing
unit 102. MDs (Mini-discs) for use with the
recorder/player 1 ére known magneto-optical discs each
housed in a disc cartridge.

The stocker 101 is capable of stocking a
predetermined number of disc cartridges DK as sketched in
Fig. 12. TIllustratively, five disc stocking positions MD1
through Mﬁs are provided to accommodate up to five disc
cartridges.

Any one of the stocked disc cartridges DK is
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transported from the stocker 101 to a recérding and
reproducing position within the recording and reproducing
unit 102, or moved from the recording and reproducing
position back to the stocker 101l. The transport may bé
-accomplished automatically illustratively under control
of a system controlleflll, to bé described later.

In order to eject any one of the disc cartridges
from the ‘'stockexr 101, the user first selects the desired
disc position among the positions DM1 through DMS and
carries out an ejecting operation. In response, a 1lid 104
opens, allowing the disc cartridge DK to be ejected from
the selected disc stocking position through a slit of a
disc loading and unloading unit 103. In Fig. 12, the disc
cartridge DK4 is shown ejected from the disc position MD4.

To load a disc cartridge DK into the stocker 101
from outside the MD recorder/player 1, the user selects
one of the disc stocking positions MD1 through MD5 and
inserts the desired disc cartridge into the disc loading
and unloading unit 103 through the opened 1id 104. That
is, the MD recorder/player 1 of this embodiment has a so-
called disc changer function.

A vertical transport facility 10la is provided
illustratively to move the étocker 101 in the vertical

direction. The facility 101 transports the stocker 101 to
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a height corresponding to the recording and reproducing
position or to ghe disc loading and unloading unit 103 so
that a disc cartridge is moved between the stocker 101
and the recording and reproducing position or between the
outside ‘and .the stocker 101 for disc loading and
unloading purposes, as described above.

Operations'of the-sﬁécker 101 may also_bé
controlled by the system controller 11.

Fig. 11 is a block diagram showing an internal
structure of the recording and reproducing unit 102, i.e.,
the MD recorder/player 1 embodying the invention. This MD
recorder/player 1 is capable of writing and reading audio
data to.and from a magneto-optical disc (MD) 90.

The MD 90 in Fig. 11 refers to a disc housed in the
disc cartridge DK transported from the stocker 101 in Fig.
12 to the recording and reproducing position.

For a recording or reproducing operation, the MD 30
in the disc cartridge is exposed to a light beam from an
optical head 3 and to a magneéic field from a magnetic
head with a shutter mechanism of the cartridge opened
from its closed position for exposure.

The MD 90 is rotated at a constant linear veloéity
(CLV) by a -spindle motor 2.

The recording and reproducing position as used in
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this specification signifies a position in,which the MD
90 is rotatably retained by the spindle motor 2.

The optiéa; head 3 .is positioned in symmetric
relatioﬁ to the mégnetic head 6a across the loaded
magneto-optical.disc 90. The optical disc comprises an
objective lens 3a, a dual-axis mechanism 4, a
semiconductor laser unit-(not shown), and a light-
receiving unit that receives reflected light from the
surface of a magneto-optical disc under semiconductor
laser emission.

The dual-axis mechanism 4 has a focusing coil and a
tracking coil. The foéusing coil acts to drivg the |
objective lens 3a in such a manner that the lens moves
close to or éway from the magneto-optical disc 90. Thg
tracking coil serves to drive the objective lens 3a
radially over the magneto-optical disc.

A sled mechanism 5 is also provided. This facility
moves the'entire optical head 3 by large amounts in the
radial direction of the magneto-optical disc 90.

Information derived from the reflected light
captured by the light-receiving unit in the optical head
3 is fed to an RF amplifier 7 for current-to-voltage
conversion. The conversion is followed by matrix

operation processing whereby a focus error sigmnal FE, a

31



tracking error signal TE, and an RF signal are generated.

The RF signal, i.e., a reproduced signal, is
generated as follows: whén the magneto-optical disc 90 is
exposed to a laser beam at a lower power level than_upon
recording, a magnetic field vector is detected by use of
the magnetic Kerr effect of the reflected light. The
magnetic field vector thus detected is used as a ba;is

. for generating the RF signal.

The focus error signal FE and tracking error signal
Tﬁ generated by the RF amplifier 7 are fed tc a servo
circuit 9 for phase compensation and gain adjustment.

Past the servo circuit 9; the signals are sent to the
focusing coil an& tracking coil of the dual-axis
mechanism 4 through a drive amplifier (not shown}.

Based on the tracking error signal TE, the servo
circuit 9 generaﬁes a sled error signal through an LPF
(low-pass filter). - The sled error signal is supplied to
the sled mechanism 5 via a sled drive amplifier (not
shown) .

The RF signal.generated by the ﬁF amplifier 7 is
also fed to.an EFM/CIRC encoder-decoder 8 for EFM (eight
to fourteen modulation) démodulationlin binary format and.

for CIRC (cross interleave Reed-Solomon coding) error

correction. The resulting signal is sent to a memory
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controller 12.

On the magneto-optical disc 90, grooves are
furnished beforehand ;n wobbling fashion at a
predetermined frequency (22.05 kHz in this example).
Address data are recorded in the grooves by frequéncy
modulation (FM).

The address data are retrieved by an address
decoder 10 causing a BPF (band-pass filter) to let only a
limited frequency pass through for frequency demodulation.
The EFM/éIRC encoder-decoder 8 generates a spindle error
signal used in rotating the disc according to a binary
EFM signal or based on the address data retrieved by the
address decoder 10. The spindle error signal is fed to
the spindle motor 2 via the sérvo circuit 9.

On the basis of the binary EFM signal, the EFM/CIRC
encoder;decoder 8 controls a PLL {(phase locked loop)
settling operation accordingly. The EFM/¢IRC encoder-
decoder 8 aiso genérates a reproducing clock signal for
decoding.

The binary data corrected for error by the memory
controller 12 are written ;o a buffer mémory 13 at a
transfer rate of 1.4 megabits per second.

When at least a predetermined ambunt of data is

accumulated in the buffer memory 13, the memory
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controller 12 reads data from the buffer memory 13 at a
transfer rate of 0.3 megabits per second, i.e., a rate
sufficiently 1ow;¥ than that for write operations. The
retrieVedidata are output as audio data.

Audio data are thus accumulaied temporarily in the
buffer memory 13 before being output. External
disturbances such as vibraﬁions may trigger an irregular
track jump leading to an interruption in continuocusly
read data from the optical head 3. Imn such a case, the
time it takes to relocate the optical head 3 to thé
address where the aberrant track jump occurred is covered
by data already held in the buffer memory 13. This
facility ensures an uninterrupted audio ocutput.

If the buffer memory 13 is a four-megabyte RAM in
this embodimeht, a fully-loaded buffer memory 13 contains
cﬁmﬁlative audio data lasting about 10 seconds.

The memory controiler 12 is in turn controlled by
the system controller 11.

The data read from éhe magneto-optical disc 90 are
compressed by a predetermined method (e.g., the acoustic
transferred adapted coding method called ATRAC is used by
this embodiment) before being written. The data retrieved
from the buffer mémory 13 by the memory controller 12

move past an audio compression encoder-decompression
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decoder 14 to become decompressed digital data. The
digital data are 'sent to @ D/A converter 15,

The D/A converter 15 ponverts.the decompfessed
digital data from the audié compression encoder-
decompression-decoder 14 into an analog audio signél. The
analog audio signal is fed to a reproduced output portion
(éoﬁposed of an ampiifier, speakers, headphonés, etc.),
not shown, through an output terminal 16. The reproduced
audio output is provided in this manner.

In the reproducing operation above, the system
controller 11 performs varieties of control: it transfers
servo commands to the servo circuit 9 according to the
operations of an opération unit 19; tells the memory
controller 12 how to control the buffer memory 13; causes
a display unit 20 to display text information such as an
elapsed playing time and the title of a program being
played; and causes ﬁhe EFM/CIRC encoder-decoder 8 to
execute spihdle servo control and decoding control.

In addi£ion to the operation unit 19, a remote
commander 50 is provided for the user to perfofm various
operations. Illustratively, the remote commandér 50 emits
ag infrared modulated signal as a comménd reflecting the

user's operation. The command (i.e., operation

information) is converted to an electrical signal by an
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infrared ray receiving unit 23. The electrical signal
derived from the conversion is supplied to the system
controlle; 11. The system controller 11 carries out
necessary control processing'in response to.the operation
infofmation coming from tﬁe infrared ray receiving unit’
23. |

When recording audio signals such as pieces of
music to the disc 90, the MD recorder 1 receives the
signals through its input terminal 17 or 21.

Illustratively, an analog audio signal from an
analog output terhinal of the reproducing apparatus such
as a CD player is entered through the input terminal 17.
The analog audio signal'is converted to a digital signal
by an A/D converter 18. From there, the digital signal is
sent ;o the audio coﬁpression encoder-decompression
decoder 14.

A digital audio signal carrying digital data from a
digital output terminal of the feproducing apparatus such

as a CD player is entered through the input terminal 21.

In this case, a digital interface 25 performs a decoding

process and extracts control data with regafd to a

digital communication format. A digital audio signal
extracted by the decoding process is supplied to the

audio compression encoder-decompression decoder 14.
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With this embodiment, the digital interface 25
. complies with the IEEE 1394 interface requirements.
Alternatively, a digital interface comp}ying with the
above-mentioned IEC 958 requirements may be used. As is
well known, the IEEE 1394 interface works as é.serial
data interface permitting transmission and reception of
commands and responses for data transfers betweeﬁ devices
and for remote control purposes.

With this embodiment, the IEEE 1394 interface
connects the MD recorder/player 1 communicatively to a CD
player (reproducing apparatus, to be described iater).
The hookup permits digital dubbing Qhereby reproduced
audio sighals from the CD player are input in digital
signal format for unadulterated recording. Tﬁe interface
also provides synchronization of when to start a playback
and a recording action in the dubbing process as well as
synchronization for high-speed dubbing.

The digital audio-signal input to the audio
compression encoder-decompression decoder 14 is
compressively encoded by ATRAC (acoustic transferred
adapted coding). The memory controller 12 sends the
compressed digital audio signal at a transfer rate of 0.3
megabits per second to the buffer memory 13 for temporary

storage therein.
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Upon judging a predetermined amount of coﬁpressed

?

data to have been accumulated in the buffer memory 13,
the memory controller 12 gives permiséion to have the
data read from the memory 13.

The compressed data retrieved from the buffer
meméry 13 are submitted to the EFM/CIRC epcoder-decoaer 8
for such processes as the addition of error correcting
codes as per the CIRC scheme and an EFM process. After
the processing, the data are supplied to a magnetic head
driving circuit 6. Given the data, the magnetic head
driving circuit 6 drives accordingly the magnetic head 6a
through N-pole or S-pole magnetic field application.
| In the recording process involving magnetic fieid
application, the system controller 11 causes the optical
head 3 to raise the emission power of a semiconductor
laser unit, not shown, to a level higher tha# that of the
reproducing process, whereby the surface of the magneto-
optical disc is heated up to the Curie temperature. The
heating causes magnetic field information from the

magnetic head 6a to be fixed onto the recording surface '

of the disc. That is, the data are recorded as magnetic

field information.

In the recording operation, the syStem controller

11 also performs varieties of control: it transfers servo
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commands to the servo circuit 9; tells the memO;y
controller 12 how to control the buffer memory 13; causes
the display unit 20  to display informatio# such as an
elapsed recording timé and the title of a prograﬁ being
recorded;-and causes the EFM/CIRC encoder-decoder 8 to
execute spindle servo contr61 and encoding control.

In a pfocess_involving digital data input,'
retrieved control data are admitted through the digital
interface 25. In a process where analog signal input is
involved, an analog audio signal entered through the
input terminal 17 is also sent to a mute detection unit
22. The mute detection unit 22 monitors mute gaps between
pieces of music borne by the input audio signal. The
monitoring information is fed to the system controller 11.

A RAM 24 is a memory that temporarily holds various
kinds of information neédéd by the system controller 11
in carrying out its processes.

A'ROM_27 is illustratively constituted by a
nonvolatile memory whose data contents may be updated
under control:of the system controller 11.' Thé ROM 27
retains its contents when power supply is cut off. The
ROM 27 contains diverse kinds of programs and data needed
.by the system controller 11 in effecting various

processes.
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This embodiment includes a timer unit 28 and an
HCMS management table 29 for use in HCMS management.
Structures of these compbnents will be described later in

connection with the workings of HCMS managenment. HCMS

management is a generic designation representing various

types of information management and opegation control for
implementing thé constraints on dubbing aﬁcording to HCMS
provisions.

The.timer unit 28 and the HCMS management table 29
may alternatively be implemented by use of some regions
in the ROM 27.

The operat?on unit 19 is provided allowing the user
to operate the MD recorder/player 1 as desired.
Illustratively, the operation unit 19 has switches,
controls,letc., for effecting such basic operations as
playback, pause, fast forward, rewind, recording and
stop; editing operations such as erasure, connection and
division of tracks; and input operations for entering
text information such as track and disc names. A command
signal reflectiﬂg the operation made on the operation
unit 19 is transmitted to the system controller 11. 1In
turn, the system controller 11 executes the control
process corresponding to the command signal.

With this embodiment, the operation unit 19 of the
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-MD recorder/player 1 may be structured so as to control
dubbing of data from a CD pléyer to'the MD'
recorder/player 1, as will be described later.

This embodiment has two modes in which to copy ﬁhe
contents of one CD to a plurality of MDs 90 in the
dubbing process mentiéned above. One of the two modes is
called a track unit-recording mode in which the contents.
of one MD are made distinct from those of the next MD in
increments of tracks. The other mode is called a seamless
recording mode in which the target céntents ére recorded
in a seamlessly_continuous fashion from one MD to another.
Either of the two modes may be selected by the user
operating the operation unit 19.

In practice, a remote commander with functions
equivalent to those of the operation unit 19 may be
provided. The remote commander may thén be operated to
output command signals that may be received in order to
prompt relevant processes.

If an analog reproduced audio signal is output from
a Cbh player illustra;ively td be dubbed by the MD
recorder/player 1, with the IEEE 1396 digital interface
not_used, then a terminal 26 is used to exchange control
signals between the CD playér and the MD recorder/player

1. The communication via the terminal 26 permits
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synchronization of when to start and to end a playback of
the CD player {(to be described later) in the analog
dubbing proéess, synchronization of when to start a
recording process of the MD recorder/piayer 1, as well as

synéhronization for high-speed dubbiné?'

3-2. MD Track Format

What follows is a description of a cluster format
of recording data tracks on the magneto-optical disc (MD)
90. Daga are recorded by a Mini-disc system in units
called clusters. A typical format of clusters is shown in
Fig. 13.

As depicted in Fig. 13, clusters CL are formed
consecutively as recording tracks on the MD. One cluster
is the smallest increment of data to be recorded. Each
cluster generally corresponds to two or three tracks.

A cluster CL is constiﬁuted by a four-sector sub-
data aréa made of sec£ors SFC through SFP and by a 32-
sector main data area composed_of sectors S00 through SiFi
For audio-related usage, the main data refer to
compressed audio data derived from the ATRAC process
described above. A sector is a data unit composed of
2,352 bytes.

The four-sector sub-data area is used to
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accommodate sub-data and serves as a linking area. TOC
(table of contents) data and audio data are recorded to
the 32-sector main data area. The sectors in the linking
area are dummy sectors justifying a surfeit of the
interleaving length based on CIRC {(adopted fo; this
enmbodiment) compared with the sector length (13.3 msec)
utilized by CD and other systems for error correction. As
such, the linking area is basically a reserved area,
although the sectors compoging the area may also be used
for some processes or for the recording of some control
data. An address is recorded to each sectori

Each sector is further divided into smaller units
called sound groups. Specifically, two sectors are
-divided into 11 sound groups.

As illustrated in Fig. 13, a pair of contiguous two
even-numbered and odd-numbered sectors (e.g., sector S00
and S801) contain sound groups SG00 through  SGOA. Each
sound group is constituted by 424 bytes and provides
audio data corresponding to a time period of 11.61 msec.

Within each sound group SG, daﬁa are recorded on
two separate channels: left (L) channel and right (R}
channel. Illustratively, the sound group SGOO is composed
.of L channel data L0 and R channel data RO; the sound

group SGO01 is made of L channel data L1l and R channel
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data R1.
A data area accommodating the left or right channel

data has 212 bytes that are called a sound frame.

3-3. U-TOC

The surface of the magneto-optical disc {MD) 80 is
covered with clusters whose format is shown in Fig. 13.
One of radially divided areas on the radially innermost
side is set aside.as.a management area. A program area is
located outside the management area.

The management area is made up of a read-only area
and an innermost portion of a_magneto-optical area. The
read-only area located on the radially innermost side
accommodates read-only data recorded in phase bits.
Located outside the read-only area, the mégneto-optical
area allows data to be written thereto and read therefrom.

Outside the management area of the magneto-optical
area is the program aréa. In the progfam area, audio data
are recorded to each of the sectors constituting the main
data area shown.in Fig. 13.

In the management area, Ehe read-only area has a P-
‘TOC (pre-mastered table of contents}) for area management
regarding the disc as a whoie. In the magneto-optical

area outside the read-only area, content information (U-
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TOC or user table of contents) is recorded for management
of programs recorded in the program area.

Preparatory to writing or reading data to or from
the MD 90, it is necessary to read management information .
{P-TOC, U-TOC) from the MD, With tﬁe managemen;
information retrieved, the system controller 11
récognizes addresses designating an area to or from which
to write or read data on the disc 90. The retrieved
management information is held in the buffer memory 13.
The buffer memory 13 has its space divided into two
portions: a buffer area for accommodating data being read
or written, and an area for holding the management
information involved.

When the MD 90 is loaded, the system controller 11
‘retrieves management information by éarrying out a read
operation on the radially inne;most portiqn of the disc
where the management information is stored. The retrieved
ﬁanagement informatibn is held in the buffer memory 13.'
The information is later referenced upon write and read
operations to.and from the disc 90.

U-POC is updated when data are fecorded_or delete&
or after editing work such as text information input is
performed. Every'time a write, delete or edit operation

is carried out, the system controller 11 updates the U-
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TOC-information in the buffer memory 13. 2any such update
operation is paralleled by the corresponding modification
of the U-TOC area on the disc 90 in a suitably timed
manner.

Described below are U-TOC sectors ac;ommodating
managément information used to-write or read track data
to or from the disc 90. Fig. 14 shows a format of U-TOC
sector 0. Séctors ¢ through 31 may be allocated as U-TOC
sectors. That is, each of the sectors (S00 through S1F)
in_one cluster of the management area may be used.
Sectors 1 and 4 hold text information while sector 2
accommodates recording time-of-day information.

U-TOC sector 0 is a data area that contains
management information about pieces of music recorded by
the user and about recordable (i.e., free) areas. More
specifically, sector 0 accommodates a start and an end
address of e;ch of the programs recorded in the program
area, copy protect information as a property (track mode)
of each program, and ehphasis information.

Illustratively, when a piece of music is to be
recorded to a disc 90, the system controllexr 11 searches
U-TOC sector 0 for a free area on the disc and writes the
audio data to the area thus found out. 'Upon reading.a

piece of misic from the disc, the system controller
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searches U-TOC sectbr 0 for the area where the target
piece of music is stored, gains access to that area, and
retrieves data from the -accessed area.

As shown in Fig. 14, U-TOC sector 0 has a header in
which a 12-bit sync pattern is formed, followed'by three-
Byte data representing addresses of the sgctor in
question ("Cluster H," "Cluster L," "SECTOR"), a maker
code identifying the relevant disc manufacturer, a model
code indicating a disc model, a first program number
(First TNO), a last program number {Last TNO), sector
usage status {("used sectors"f, a disc serial number, and
a disc ID.

Also fecorded in sector 0 is a corresponding table
designating data portion comprising: a pointer P-DFA
(pointer for defective area) designating the start
position of a slot in which to store information about a
defective area on the disc; a pointer P-EMPTY (pointer
for empty slot) specifying slot usage status; a pointer
P-FRA {pointer for free area) indicating the start
position of a recordable afea; and pointers P-TNOl, P-
TNO2, ..., P-TNO255 pointing to the start position of
each of the slots corresponding to program humbers.

The corresponding table designating data portion is

followed by a management table having 255 slots of eight
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bytes each. Each slot is used to manage a start address,
an end address, a track mode, and link information.

With this embodiment, data need not be recofded in
a continuous fashion on the magneto-optical disc 90; a
sequential data string may be divided into a plurality of
discrete parts when recorded. A data part signifies a
temporally continuous set of data recorded in-physically
contiguous clusters.

In thé reproducing apparatus in the form of the MD
recorder/player 1 in Fig. 11 adapted to the disc 90, data
are accumulated temporarily in the buffer memory 13 to
absorb different rates at which data are written to and
read from the buffer memory.13. The optical head 3 is
driven to acéess siiccessively the data that are recorded
in a distributed fashion on the disc 90, with the
retrieved data acéumulated in the buffer memory 13. The
data are restored in the buffer memory 13 back.to the
original sequeptial data étring for reproauction.

In the above structure, the rate of writing data to
the buffer memory 13 for reproduction is higher than the.
rate of reading data therefrom. This ensures that
continuous audio data playback Qill not be disrupted.

If a program is written over an already recorded

program and if the newly written program is shorter than
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the existing program, the excess portion of the latter is
left undeleted and designated instead as a recordable
area (managed.by pointer P-FRA). This érrangement permits
efficient utilization of the recordéblg capacity.

Describéd below with reference to Fig. 15 is how
dispersed areas are linked by use of the pointer P-FRA
for manéging recordable areas. |

Suppose that a value of 03h (hexadecimal) is ™~
recorded to the pointer P-FRA pointing to the start
position of a slot for ménaging a recordable area. In
that case, the slot corresponding to the value “03h* is
accessed, and data are read from the slot 03h in the
management table.

The start and end address data held in the slot 03h
designate a start and an end point 6f one data part
recorded on the disc.

Link information held in the slot 03h indicates the
address of the slot that follows the slot 03h. In this
example, the link information holds a value of 18h.

Link information contained in the slot 18h points
to the next slot 2Bh. The slot 2Bh is accessed in order
to find a start and an end address designating a start

and an end point of another data part recorded on the

disc.
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The link information is tracked likewise until a
value of 00h is encountered. Thé process makes it
posgible to acquire the addresses of ali data parts
managed by means of the pqinter.f-FRA.

In the manner described, the slots are ;raced
starting from the first slot desigﬁated by the pointer P-
FRA until the link information becomes null (= 00h). . This
links within memory space the data parts that were
separately recorded on the disc. It is thus possible to
grasp all data parts as recordable areas on the disc 90.

Whereas the pointer P-FRA was explained above as an
example, other pointers P-DFA, P-EMPTY, P-TNO1l, P-

TNO2, ..., P-TNO255 may also be used likewise in the

management process linking dispersed data parts.

3-4. Structure of CD Player

Described below with reference to Fig. 16 is a
typical structure of a CD player 30 acting as the
reproducing apparatus in the dubbing system embodying the
invention. Fig. 16 shows a partial block of the MD
recorder/player 1 in order to clarify its connections to
the MD recorder/player 1 in the CD-MD dubbing system. In
Fig. 16, the components having the same or corresponding

functions as their counterparts in Fig. 11 are designated
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by like reference numerals, and their descriptions are
omitted to avoid unnecessary repetition.

In the dubbing system, audio data reproduced by the
CD player 30 are recorded in units of tracks onto the MD
90 in the MD rec&rder/player 1. *

On the CD plaver 30 serving as the reproducing
apparatus, an optical disc (CD or compact disc} 91 is
rotated by a spindle motor 32 ét a constant linear -
velocity {(CLV).

An optical head 33 comprises an objective lens 33a,
a dual-axis mechanism 34, a semiconductor laser unit {not
shown), and a iight-receiving unit that receives
reflected light from the optical disc surface under
semiconductor laser emission.

The dual-axis mechanism 34 includes a focusing coil
and a tracking coil. Thg focusing coil acts to drive the
objective lens 33a in such a manner that the lens moves
close to or away from the optical disc 91. . The tfacking
coil serves to drive the objecti?e lens 33a radially over
the optical disc 91.

A sled mechanism 35 is provided to move the entife
optical head 33 by iarge amounts in the radial direction
of the optical disc 91.

Information derived from the reflected light
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captured by the light-receiving unit in the optical head
33 is fed to an RF amplifier 36 for current-to-voltage
conversion. The conversion.is followed by matrix
operation processing whereby a focus erfor signal FE, é
tracking efror signal TE, and an RF sign;l are generated.

The RF signal, i.e,, a. reproduced signal, is
extracted as information indicative of the amount of
laser beam emission onto the optical disc 91.

The focus error signal FE and tracking error signal
TE generated by the RF amplifier 36 are fed to a servo
"circuit 37 for phase compensation and gain adjustment.
Past the servo circuit 37, the signals are sent to the
focusing coil and tracking coil of the dual-axis
mechanism 34 through a drive amplifier, not shown.

Based on the tracking error signal TE, the servo
circuit 37 generates a sled error signal through an LPF
{(low-pass filter). The sled error signal is supplied Fo
the sled mechanisa 35_via a sled drive amplifier, not
shown.

The RF signal generated by the RF amplifier 36 is
submitted to a signal processing circuiﬂ 38 for
binarization, EFM.demodulatiqn, and CIRC error correction.
The processing yields a digital audio signal as

reproduced data.
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In accordance with the binary EFM signal, the
signal processing circuit 38 generates a spindle error
signal for controlling disc revolutions. The spindle
error signal thus generated is fed to the spindle motor
32. "

On the basis of the binary EFM signal, the signai
processing\circuit 38 operates a PLL (phase locked loop)
circuit to generate a reproducing clock signal. The servo
circuit 37 and signal processing circuit 38 are
controlled in their operation by a system controller 41,

The digital audio signal from the signal processing
circuit 38 is sent to a digital interface 49. Given the
signal, the digital interface 40 turns it into digital
trénsmission data complying with a predetermined
transmission format supplemented by control and error
correcting codes. The digital transmission data thus
prepared are output through an output terminal 42. The
traﬂsmission.data enter the MD recorder/player 1 through
the input terminal 21 and are suppliea to the digital
interface 25,

For this embodiment, the digital transmigsibn
format obeyed'by the digital interfaces 40 and 25 of the

CD player 30 and MD recorder/player 1 complies with, but

is not limited by, the IEEE 1394 provisions as mentionegd
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earlier.

An IEEE 1394-compatiblée interface arrangement
permits inter-apparatus control sigﬁals to be exchanged
between the digital interface 40 of the CD player 30 and
the digital interface 25 of ﬁhe'MD r;corder/player 1.

. This eliminates the need for a control signal | -
communication setup iﬁvolving the terminal 44 {(on the cD
player side) and the terminal 26 (oh the Mﬁ
recorder/player side). |

On the other hand, if optical signals are used to
carry digital data over an optical communication cable as
per digital audio interface requirements, then it is
necessary to establish an intercommunication arrangement
via the terminals 44 and 26 for control signal
communication.

The digifal audio signal from the signal processing
circuit 38 is branched and fed to a D/A converter 39. The
D/A converter 39 converts the input digital audio siénal
to-an analog audio signal that ig sent from an output
terminal 43 to the input terminal 17 of the MD recorder 1.

An operation unit 47 has various keys {controls)
used by the user to control various playback-related
operations at least on the CD player 30. The operation

uriit 47 supplies the system controller 11 with command
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signals reflecting such key operations.

Depending on the system configuration, the
operation unit 47 may include specific keys for
controlling the MD recorder/player 1.. If any of such keys
is operated, the corresponding co#mand signal is
transferred under control of the system controller 41 to
the system controller 11 of the MD récorder/player 1.

The system controller 11 of the CD player 30 |
performs control prdcesses involving diverse functional
circuits within the player 30 so as to get various
playback-related operations executed by the CD plaver 30.
The control processes include those associated with
commands coming from the éperation unit 47.

As shown enclosed by broken lines, the CD player 30
may have its system controller 11 furnishéd with a timer
unit 46 and an HCMS management table 45. The timer unit
46 and HCMS mapagement table 45 are used for HCMS
management purposes and are regarded aé functionally
identical to the timer unit 28 and ﬁCMS management table
29 attached to the MD recorder/playver 1 in Fig. 11.

If the timer unit 28 and HCMS management table 29
of the MD recorder/player 1 are used for HCMS management,
as will be described later, then there is no need for the

timer upit 46 and HCMS management table 45 allocated to
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the CD player 30.

If HCMS management is to be conducted on the side
of the CD player 30, then the timer unit 46 and HCMS
management table 45 are required. In this case, the timer
unit 28 and HCMS management t;ble 29 may be omitted from
the MD recorder/player 1.

In a dubbing operation, the MD recorder 1 acting as
the recording apparatus writes to the MD 90 a digital
audio signal or an analog audio signal transmitted from
the CD player 30.

The analog audio signal entered.through the input
terminal 17 is recorded to the disc 90 as follows: the
analog audioc signal is first converted to a digital audio
signal by the A/D converter 18 as described earlier with
reference to Fig. 11. The digital audio signal is then
input to the audio compfession/decompression encoder-
deco&er 14 fbr the recording process explained above by .
" referring to Fig. 11.

In the case above, the analog audio signal entered
through the input terminal 17 is also supplied to the
mute detection unit 22. The unit 22 detects a mute state
at the audio level lasting for a predetermined period
(e.g., 2 seconds}) or longer. A detection signal from the

mute detection unit 22 is sent to the system controller
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11 as information indicative of program changes (gaps
beﬁween pieces of music) conveyed by the suéplied analog
audio signal.

Ordinary CDs contain a mute gap of three-to five
seconds distinguishing'one-piece of music from another.
Such mute portions are detected and interpreted as
program number changes by the mute detection unit 22.

If digital transmission data are fed to the input
terminal 21, then the digital interface 25 processes the
data. The digital interface.zs complying with the IEEE
1394 interface requirements illustratively.comprises an
IEEE encoder/decoder block 25d, a time code extraction
unit 25a, a U bit extraction unit 25b, and a logic
circuit 25¢, as shown in Fig. 16.

Reproduced digital audio data are transmitted after
being encoded by the digital interface 40 of the CD
player 30 as pef the IEEE 1394 interface provisions. The
transmitted data are received by the digital interface 25
of the MD recorder/playver 1. Upon arrival at the
interfate 25, the data are admitted into the IEEE
encoder/decoder block 254 for a decoding process whereby
digital audio data DAU including sub-codes are extfacted.
"The digital audio data thus obtained are fed to the U bit

extraction unit 25b and time code extraction unit 25a.
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1f the received data contain data such as remote
control éommands other than the digital audio data, then
the IEEE encoder/decoder block 254 forwards the.commands
or the like to the system controller 11l.

from the receiv;d digital audio signal, the U bit
extréction unit 25b extracts U bit data, i.e., flags’
representing program changes {changes of pieces of.music).
From the input digital audio signal, the time code |
extraction unit 25a extracts time code data indicative of
an elapsed playing time.

The logic circuit 25c¢ performs a logic operation on
the output of the U bit extraction unit 25b and that of
the time code extraction unit 25a. Given the outputs from
the U bit extraction unit 25b and time code extraction
unit 25a, the logic circuit 25¢ generates a signal
indicating program chaﬁges in the digital audio signal
" from the reproducing side. The generated signal is sent
to the system controller 11.

The time code extraction unit 25a extracts an
elapsed playing time per program from the-trangmitted
digital data. In generating a program change detection
signal, the logic circuit 25¢ performs a logic operation
on two parameters: the elapsed playing time having

reached -00 minute and 01 second, and U bit change
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information.

Alternatively, the program change detection signal
may be generated solely on the basis of what is extracted
by the U bit extracﬁion unit 25b. As another alternative,
the logic circgit m;y perform a logic operation on U bit
change information and on a detected mute gap as in the
case 6f analog recording.

Tﬁe transmitted digital audio signal is sent frém
the digital interface 25 ;o the audio
compression/decompression encoder-decoder 14. The
encoder-decoder 14 performs the recording process
described above with feference to Fig. 11.

The structure of the digital interface 25 shown iﬁ
Fig. 3 and complying with tie IEEE 1394 interface
requirements is only an example and may be modified in
many ways. For example, an IEEE 1394 interfaqe need not
adopt the digital audio interféce format described with
referenqe to Figs. 8A, 8B, 9 and 10. Instead, sub-code
informatibn decoded by the transmitting side m?y be
converted to commands as per IEEE 1394 interface
provisions for transmission. Upon arrival at the
receiving side, the commands may be translated into
appropriate processes.

For purpose of explanation, it is assumed here that
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digital audio data are transmitted through the IEEE 1394

interface using the digital audio interface format shown
in Figs. 8A, 8B, 9 and 10.

The CD-MD dubbiﬁg system of.this invention
described so far pérmits what.is known as stand;rd—speed
dubbing, a process in which audio data reproduced by the
Cb player 30 at standard speed are transferred to the MD
recorder/player 1 for standard-speed recording.

The CD-MD dubbing system also provides high-speed
dubbing, a process wherein audio data reproduced by the
CD player 30 at a speed multiplying the standard speed by
a predetermined value are sent to the MD recorder/player
1 for high-speed recording.

In standard-speed dubbing, the CD player 30
rotatively drives the Cb 91 at CLV (standard speed) to
read data therefrom. The retrieved data are subjected to
a reproéuced signal process at a processing speed (clock
frequency) corresponding to the standard speed. The data
thus processed are output illustratively through a
digitallinterface to the MD regorder/player 1. If the
retrieved data are to be output in the_form of an analog
audio signal, -the digital audio data are converted to

analog format by the D/A converter 39 at a processing

speed corresponding to the standard speed before being
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output.

The M5 recorder/player 1 subjects the input signal
to signal processes sucﬁ as compression (including A/D
conversioh if the data are input as an analog signal) at
a processing spee& (clock frequency) corresponding to the
standard speed. The processed data are written to the
buffer memory 13 at a transfer rate of 0.3 megabits per
second. Depending on the amount of accumulated data in
the buffer memory 13, the data are read therefrom at a
transfer rate of 1.4 megabits per second. The read data
are written to the MD 90 illustratively one cluster at a
time.

In the case of high-speed dubbing, a multiple-fold
speed higher than the standard speed is set on the CD
player 30. The CD playver 30 rotatively drives the CD 91
accordingly to reéd data therefrom. The retrieved data
are submitted to reproduced signal processing at a
processing speed corresponding to the established
multiple-fold speed. The processed data are output
illustrati@ely through a digital interface to the MD
recordér/player 1.

The MD recorder/player 1 subjects-the input siénal
to signal processing such as compression {including aA/D

conversion if the data are input as an analog signai) at
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a processing speed corresponding to the multiple-£fold
speed. If the staﬁdard speed is multiplied by a factor of
N, then data are wiitten to the buffer memory 13 at a
transfer rate of 0.3 x N megabits per second. Depending
on the amount éé-accumulated data in the buffer memory 13,
the data are read thereffom and written to the MD-90
illustratively one cluster at a tiﬁe.

At the time of high-speed dubbing, the rate at
which data are read from the buffer memory 13 varies with
tﬁe established multiple-fold speed. That is, if the
multiple-fold speed is relatively low, i.e., if the
transfer rate of 1.4 mégabits per second is sufficiently
high comparea with the transfer rate of 0.3 x N megabits
per second, theﬁ the data are read and written to the MD
90 at the rate of 1.4 megabits.per second. On the other -
hand, if the multiple-fold speed is'relatively high so
that the transfer rate of 1.4 megabits per second is not
sufficiently high or is relatively low compared with the
transfer rate of 0.3 x N megabits per secohd, then a
higher read'rate.is set by which to retrieve data from
the buffer memory 13, and a rotating speed of tﬁe MD 390
corresponding to the new read rate is established.

As described, this embodiment permits two kinds of

dubbing: standard speed dubbing, and high-speed dﬁbbing
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at a predetermined multiple-fold speed.

Control over the dubbing_process is effected by the
system controllers 41 and 11. The system controllexr 41 of
the CD player 30 variably controls the disc rotating
speed of tﬁ; CD player 30 and:the clock frequency set for
the reproduced signal proééssing portion. The system
controller 11 -of the MD recorder/player 1 vériably
controls the clock frequency set for the reproduced
signal processing portion of the MD recorder/player 1
(and the disc rotating speed if necessary). If the system
controllers 11 and 41 are defined so as to peimit
commands specifying dubbing speeds and their responses to
be exchanged therebetween via a digital interface, then
it is easy to probide switchover between standard-speed
and high-speed dubbing and to implement synchfonized
reproduction and recording.

This embodiment also permits what is known as
seamless recording, a recording proceés in which data are
recorded in an uninterxrupted, seamless fashion from one
source to a plurality of discs (MDs) by the MD
recorder/player 1 utilizing the buffer memory 13 and disc
éhanger facility.

More specifically, when a dubbing operation on a

given MD 90 has ended, the reading of data from the
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buffer memory 13 is temporarily halted. Meanwhile, the
process of compressing the audio data signgl'from the CD
player 30 continues, as does the storing of data into tle
buffer memory 13. The MD 90 with its dubbing finished is
housed into the stocker 101, and a new MD 90 is selected
and transported from the stocker 101 to the recording and
reproducing position. Once the setting of the new MD 90
into the recording and reproducing position is completed,
the reading of data from the buffer memory 13 is resumed.
This procedure ensures uninterrupted recording of audio
data between two consecutively loaded MDS;SO as long as
an overflow does not occur in the buffer memory 13.

The above setup provides an automated disp
switching operation whereby an MD 90 with its recording
finished is housed unattended into the stocker 101 and a
new MD on which to fecord ensuing data is automatically
transported therefrom to the recording and reproducing
position. Once a plurality of MDs are placed in the
stocker 101 preparatory to seamless recording, the
recording operation proceeds automatically. There is no
need for the user to change discs manually thle seamless
recording is under way.

In an alternative arrangement for providing

seamless recording, the stocker may be replaced by at
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least a plurality of discidrives in the recording and
reproducing.unit 102 shown in Fig. 11. In that case, the
fouting of recording data signals is switched from one
disé’drive to another so that when recording of data to
one disc_in one disc drive is finished, another disc in
another disc dfive is selected to take over the recording.
This alternative, although embraced by this invention, is
not quite advanéageous due to an increased number of
component parts and higher costs to pfovide for partially
duplicate portions implementing the recording signal
processing. By contrast, the embodiment of the invention
permits seamless recording by use of the stocker 101, a
single disc drive, and one recording signal processing
portion. The reduced number of component parts and the
correépondingly lowered costs are a definite advantage.
For control over a disc switch, the processing is simple:
the reading of data from the buffer memory 13 need only

-

be stopped.

4. Typical Operations under HCMS Management

As described above, the embodiment of the invention
permits highispeed dubbing at a predetermined multiple-
fold speed. However, as mentioned in connection with the

‘conventional devices, there is a possibility that the
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user may infringe on copyrights if high-speed dubbing of
the same CD or the same track is allowed to be done more
frequently than is reasonably considefed normal for
personal use.

In view of such circumstances, the CD-MD dubbing
system embodying'the inventipn is designed to impiement
copyright pfotectién by imposing constraints on high-
speed dubbing in units of a track in accordance with HCMS
provisions. That is, thelembodiment implements HCMS
management.

The HCMS provisions stipulate that any one track
illustratively in the form of a piece of music, once
dubbed at a high speed, may not be dubbed again at the
high speed at 1éaét within 74 minutés of the point in
time at which the track in question began to be dubbed.
Although the stipulation was mentioned earlier, it is
repeated here for emphasis.

Typical operations of the embodiment under HCMS
management are described below. How the embodiment
typically works under the HCMS is described by referring
to the ISRC arrangement of mode 3 shéwn in Fig. 6C. It is
assumed that such HCMS management operatidns are carried
out by use of the timer'unit 28 and HCMS management table

29 attached to the MD recorder/player 1.
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Audio data reproduced from the CD are sub-coded
with Q channel data shown in Figs. 6A through 6C. Upon
high-speed digital dubbing by the CD—MD dubbing system of
this embodiment, the Q channel data are transmitted to
éhe MD recorder/player 1 along with the audio data. The
MD recérdef/player 1 is capable of recognizing contents
of.the Q channel data.

When high-speed dubbing of a piece of music (track)
has started, the MD recorder/player 1 detects a mode 3
ISRC shown in Fig. SC.from the Q channel data obtained at
that point.

If an ISRC is detected and if this ISRC does not
match any of the ISRCs currently held in the HCMS
management table 29, the detected ISRC is written to the
table 29 as a track ID. A typical structure of the HCMS .
management table 29 is illustrated in Fig. 17.

It is assumed that the timer unit 28 comprises a
plurélity of timers. When a new track ID is set to the
HCMS management table 29 as mentioned above, one of
unused timers in the timer unit 28 is selectively
activated with regard to the newly accommodated track ID.
All timers in the timer unit 28 are each set for the
maximum count of 74 minutes. Once started, a timer

performs a count-down from the 74th minute to zero.
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Alternatively, the timer may effect a count-up from zero
to the 74th minute.

The HCMS management table 29, as shown in Fig. 17,
maintains a 6ne-to-one correspondence between each newly
written track ID and a timer iD identifying the timer
started in relation to each new track ID.

The HCMS management table 29 has as many storage
regions (No. 1 through No. n) as the number of timers
configured in the timer unit 28, each storage region
holding a correspondence between a track ID and a timér
ID.

When the 74-minute count has elapsed on the timer
corresponding to the track ID written to the HCMS
management table 29, the track ID and the corresponding
timer ID are erased from the HCMS management table 29.
That is, the relevant track and timer information is
cleared. This is how the HCMS management table 29 is
structured for this embodiment.

Suppose that upon high-speed dubbing of a track,
the HCMS management table 29 is found to contain the same
track ID, i.e., ISRC detected by the Mb recorder/player 1.
In that case, the MD recorder/player 1 stops the high-
speed dubbing of the track in question. That is, the

recording of the track having the same ISRC as that of
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the track ID held in the HCMS management table 29 is
suppressed.

When rgproduction of a track is started by the CD
player for high-speed dubbing, it takes a very short time
for the MD recordér/player 1 to detect an ISRC. If it is
assuméd that at least-one ISRC (Q channel data in mode 3)
occurs unfailingly every 106 sub-coding blocks, with 75
sub-coding blocks approximately corresponding to one
second at standard speed, then the ISRC in question is
detected substantially within one second at high speed;
such a time period for code detection has only minor
variations contingent on the actual high speed setting in
effect.

When the full count on a timer has expired, the
corresponding track ID is cleared from the HCMS
management table 29. Once the timer count has elapsed,
recording of the track having the same ISRC as that of
the track ID in questién can be resumed for high-speed
dubbing.

This embodiment, as described, prévents any track
dubbed'at high speed from being recorded in another
segsion of high-speed dubbing for the period set on the
corresponding'timer (e.g., 74 minutes), Attempts at high-

speed dubbing of the track by the MD recorder/player 1

69



are rejected the moment the applicable ISRC is detected.
Because_any.one track recorded previously at high speed
cannot. be dubbed. again at high speed within the time
period set on the corresponding timer, the same track
.cannot be copied frequently in a limited period of timé.
whereby possible infringement on copyrights is prevented.

| | As mentioned above, it takes about one second to
detect.an ISRC from the audio data reproduced from the CD.
That means there is a possibility that a small amount of
track data may be recorded before the MD recorder/player
1 stops its recording operation by recognizing the
injunction against high-speed dubbing. In such a caée,
thé U-TOC may be updated so as to erase the inadvertently
recorded data. This arrangement is preferable because the
unnecessarily recorded data from the user's point of view
are automatically deleted.

In the above example of HCMS management, ISRCs are
‘utilized as track IDs. Alternatively, information other
than the ISRC may be employved for HCMS mahagement.

Here is an alternative example: information
constituting the TOC of any given CD is specific to that
CD. Of such information, track numbers identifying tracks
and playback times are unigque to the tracks. From such

TOC information, it is possible to geherate track Ibs for
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identifying the tracks on the CD. The track IDs thus
generated may also be used for HCMS management in about
the same manner as described above.

Where track IDbs are thus generated alternativély on
the basis of the TOC of the CD,.there may.be provided
illustratively a setup whereby the track ID of tﬁe next
track to be repfoduced upon track change is transferred
from the CD player 30 to the Mﬁ recorder/player 1.

Unlike ih the case where ISRCs are used as track
IDs, the alternative setup above eliminates the need for
the MD recorder/player 1 to detect data for use as track
IDs from the reproduced data from the CD. Before
feproduction of the next track is started, the-CD player
30 can then determine whether or not to inhibit highf
speed dubbing.

In the_ekamples above, HCMS management was shown
implemented in units of tracks. In a less complicated
arrangement, HCMS managemeﬁt may.be accomplished in units
'of an entire medium bearing a copy source such as a CD.

Illustratively, as mentioned above, the TOC
contents on a CD.may be regarded as unique to that CD.
Based on that TOC information, a disc ID identifying the
CDh as a whole may be generated. 1In place of the track IDs

discussed above, this disc ID may be utilized for HCMS
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management.

Every time a high-speed dubbing session is carried
ouf. the HCMS management table 29 accommodates a disc iD
identifying ;he recording source in place of a track ID,

, aslshown in parentheses in Fig. 17. At the same time; the
disc ID is matched with a timer 'ID set to the HCMS
management table 29. Thus stafté the timer in the timer
unit 28 which is designated by the timer ID.

If an attempt is made to submit a CD to high-speed
dubbing, the disc ID generated from the TOC of that CD is
compared with the disc IDs held in the HCMS management
table 29. If a matching disc ID is found in the table,
high-speed dubbing of the CD is inhibited. If no disc ID
is found matched in the HCMS management table 29, then
_high-speed dubbing of the CD is allowed to proceed.

When HCMS management is implemented in units of a
disc as described, there can be some disadvantage. For
example, even if a track Trl alone of a CD has been
recorded at high speed, the entire CD ranging from the
track Trl to the last track is inhibited from high-speed
dubbing for 74 minutes starting from the time the track
Trl began to be recorded at high speed.

As mentioned earlier, the CD-MD dubbing system of

this invention may have a timer unit 46 and an HCMS
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management table'45 attached to the CD player 30. The
attachments allow HCMS management to be.carried out on
the siée of the CD player 30. With the CD player 30 in -
charge of HCMS management, illustfatively any requests
for reproducing tracks banne@ from high-speed dubbing are
canceled by the CD playver. |

- For copyright protection by this embodiment, the
timer time (i.e.,-time period in which high-speed dubbing
is inhibited) is not limited to 74 minutes if HCMS
requirements need not be obeyed. The timer time may be
set for a longer or a shorter period in view of the
actual use conditions and the effectiveness for copyright
protection. For example} on the assumption that the

playing time of one track is about 3 minutes on average,

the timer time per track may be set for three minutes.

5. High-speed Dubbing by the Embodiment
5-1. Basic Conéepﬁ of Dubbing by the Embodiment

The CD-MD dubbing system of this embodiment has the
disc changer function that is included in the CD
recorder/player 1. The function allows the contents of
one CD to be dubbed automatically to a plurality of MDs.
More specifically, when the currently loaded MD has its

recordable capacity exhausted halfway during the
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recordihg of reproduced data from a CD, that MD is
automatically replaced by another MD to which the
remaining CD data start being recorded. This type 6f-
.recording operation may be referred to as inter-disc
recording in the description that follows.

If inter-disg recording is conducted at high speed
simply in compliance with the HCMS provisions,.the last
track p;rtially recorded to the fi:st MD (MD-1) is barred
from being recorded consecutively to the next MD (MD-2},
as discussed in éonnection with the prior art with
reference to Figs. 2A through 2C and 3A through 3C.

Such inconveniences are averted by the embodiment
_that adopts a setup explained conceptually below with
reference to Figs. 18a througp 18C. Figs. 182 and 18B
show a dubbing operation similar to that in Figs. 2A and
2B. S8pecifically, part of a track Tré has been recorded
last to MD-1 before the capacity of the MD is exhaustéd.

In that case, the embodiment excludes the partially
recorded track Tr6 from HCMS management as shown in the
upper part of Fig. 18A. That is, the track Txr6 is handléd'
as a track yet to be subjected to high-speed dubbing like
a track Tr7, for example. This makes it possible for the
track Tr6 to be recorded at high speed again from the

beginning to the next MD-2 as depicted in Fig. 18C.
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This embodiment is structured specifically to
'permit inter-disc recording at high speed on the basis of

the above concept, as will be described in more detail

below.

5-2. Track Unit Recording Mode and Seamless Recording
Mode

The embodiment of the invention has two operation
modes of inter-disc recording: track unit recording mode
and seamless recording mode.

The track unit recording mode is a mode in which
the currently loaded MD is arranged to record, within its
recordable capacity, data in increments of tracks each in
its entirety. The next MD is arranged likewise to record
data in units of tracks each‘'in its entirety, and so on.

Figs. 19A through 19C show an example of recording
in the track unit recording mode. Fig. 19A indicates part
of a Cb being subject.to reproduction. Fig. 19B
illustrates a recérding operation on the fifst MD (MD-1),
and Fig. 19C depicts a recording operation on the next MD
(MD-2} .

Fig. 19B shows that MD-1 has accommodated data of
up to a track Tr5 before its recordable capacity is

exhausted. In other words, the remaining recordable
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capacity of MD-1 is not sufficient for storing the next
track Tr6é in its entirety.

In such a case, with the track unit recording mode
in effect, the recording of data to MD-1 is temporarily
halted the moment the track Tr5 is fully stored onto MD-1.
The cufrently loaded disc MD-1 is then replaced‘by the
next disc MD-2 that is loaded into the recording.and
reproducing position. Recording of the track Tr§ to MD-2
is started thereafter, as shown in Fig. 19C.

Such recording in the track unit recording mode is
based on the concept explained illustratively above with
reference to Figs. 18A through 18C.. Unlike the case in
Figs. 18A through 18C, the setup of Figs. 19A through 19C
acquires in advance the number of tracks that may be |
entirely accommodated by the recordable capacity of the
currently loaded MD. Any tracks that are known to exceed
the capacity of the MD as shown in Fig. 19B are not
subject to recording. When the next MD is loaded and put
into use, the tracks barred previously from recording
start being recorded from the beginning on the new MD.

High-speed dubbing could be performed according to
the concept illustrated in Figs. 18A through 18C. In that
case, however, MD-1 would be obliged partially to

accommodate the track Tré that .is already known to exceed
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the recordable capacity of the currently loaded MD. The
partial recording of the track TrG is superfluous and
unnécessary. -

By contrast, the dubbing session in the track unit
recording mode shown in Figs. 19a through 19C excludes
the unnecessary recording operétion above and shqrtens
the dubbing time correspondingly. Furthermore, the ﬁrack.
unit recording mode gliminates the need for the user
subsequently to erasé the superfluous track such as the
track Tré from MD-1, as in the case of Fig. 3B.

In the seamless recording mode, inter-disc
recording is carried out in a seamless manner as
described earlier. An example of recording in the
seamless recording modé is shown in Figs. ﬁOA through 20C.
Fig. 20A indicates part of a CD being subject to
reproduction. Fig. 20B illustrates a recording operation
on the first MD (MD-l),,and Fig. 20C depicts a recording
operation on thé next MD (MD-2).

In the seamless recording mode, as shown in Fig.
20B, MD-1 accommodates reproduced CD data until its
recordable capacity is cqmpletely exhausted. In this case,
it is assumed that data up to a divided data position Pdv
midway into the track Tr6 have been recorded.

When its recording is finished, MD-1 is replaced by
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MD-2 to which the data immediately following the divided
data position Pdv in the track Tr6é start being recorded.
Between MD-1 and MD-2, the track Tr6 is récorded in a
“seamless" fashion with no data omitted.

As discussed in connection with the prior art with
reference to Figs.-3A through 3C, if high-speed dubbing
were performed in the seamless recording.mode as per the
HCMS requirements, it would be impossible to resume high-
speed dubbing of the tfack Tré6 on MD-2 where it was
suspended on MD-1 because the track Tr6 is subject to
HCMS management since the recording of the track to MD-1
began.

When the embodiment is set to perform high-speed
dubbing in the seamless recording mode, the last track
partiélly recorded onto the first MD is regarded as not
applicablé to HCMS management; That is, the basic concept
illustrated in Figs. 183 through 18C is applied to this
embodiment. | |

The arrangement above makes it possible to submit
the rest of the partially recorded track at the end of
one MD to high-speed dubbing onto the next MD. In that
case, there is no problem for high-speed dubbing to

proceed in the seamless recording mode depictad in Figs.

20A through 20C.
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It should be noted again that in the éxamples shown
in Figs. 19A through 19C and 20A through 20C, the tracks
including the track TrS alregdy-recordeé at high speed
are sﬁbject to HCMS management and cannot be dubbed again
for at least 74 minutes starting from the time the high-
speed dubbing began. However, standard-speed dubbing is

normally performed if desired.

5-3. Processing in Track Unit Recording Mode

What follows is a description of processes for
high-speed dubbing in each of the track unit recording
mode and the seamless recording mode. As described above,
switchover between the track unit recording mode and the
seamless recording mode may.be accomplished beforehand
manually by the user.

How high-speed dubbing is carried out in the tiack'
unit recording mode_is described below with reference to
Figs. 21 and 22. The steps shown.in these figures are
performed by the system controller 11 of the MD
recorder/player 1.

Illustratiéely, with the track unit recording mode
in effect, the system controller 11 goes to step 5101 in
Fig. 21 to wait for a request for high-speed dubbing to

arrive. That request is issued in response to the user's
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operation on the operation unit for high-speed dubbing.
When a high-speed dubbing requested is acquired, step
8102 is reached. -

Step S102 is carried out to acqﬁire a total
playback time Tsum of thé currently loaded CD for high-
speed dubbing and a remaining recordable time Trem of the
MD éurrently in the recording and reproducing position.

The total playback time Tsum of the CD is a sum of
playback times of the tracks to be dubbed from the CD.
For example, if all tracks are reproduced for dubbing in
ascending order of their track numbers starting from the
first track Trl, that means the target tracks to be
dubbed range from the track Trl to the last track. The
playback times of thése tracks amount to the total
playback time Tsum of the CD. If tracks are reproduced in
ascending order of their track numbers from the second
track Tr2 on, that means the total playback time Tsum of
the CD is a sum of the playback times of the track Tr2
through the last track. The user may alternatively choose
a program mode in which tracks to be reproduced are
selected along with a sequence in which to feprodube the
selected tracks. In that case, the playback times of the
selected tracks amount to the total playback time Tsum of

the CD. In short, the process in step 8102 calculates in
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temporal terms the total data capacity of the target
tracks to be reproduced for dubbing purposes.

The total playback time T;um of a given CD is
obtained as follows: illustratively, the system
controller 41 of the CD player 30 éomputes and retains
the total playback time Tsum of the currently loaded CD
91 based on TOC information read from the disc. By
communicating with the system'éontroller 41, the system
controller 11 of the Mﬁ recorder/player 1 acquires the
information representative of the total playback time
Tsum of the CD and writes the acguired information
illustratively to the RAM 24.

The remaining recordable time Trem of an MD $0 is a
temporal expression of the recordable capacity of that MD.
The remaining recordable time Trem of a given MD is
calculated as follows: the quantity of free area data
(i.e., number of sectors) is first obtained from the
reéorded contents of U-TOC sector 0 on the MD in questioﬁ.
The data amount thus acguired is then translated into a
recordable time.

To obtain the remaining recordable time Treﬁ of an
MD requires reading a TOC from that MD and storing the
retrieved TOC in memory. In an actual inter-disc

recording session, a TOC may be retrieved every time an
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MD 90 is loaded into the recording and reproducing
position. Al;ernatively. at power-on preparatory to
inter-disc recording, TOCs méy be read from all MDbs 90
that are loaded into the stocker 101.

In step S103, a comparison is made between the
totai playback time Tsum of the CD and the remaining
recordable time Trem of the MD. Specifically, a check is
made to see if the relation "Tsum > Trem" holds.

If the result of the check in step S103 is negative,
that means the remaining recordable time Trem of the MD
is longer than the total playback time Tsum of the Cb. In
other words, the currently loaded MD 90 is capable of
accommodating all.target tracks reproduced from the CD 91
for dubbing purposes; there is no need for inter-disc
recording to be carried out.

In that case, step S103 is followed by step S119 in
which regular high-speed dubbing excluding inter-disc
recording is’started‘ Carrying out step S119 causes high-
speed dubbing to proceéd under HCMS management as
described above. The high-speed dubbing process following
step S119 continues until reproduction of tracks from the
CDh is judged to have ended in step S120.

When track reproduction from the CD is found

terminated in step 8120, step S121 is reached. In step
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5121, a dubbing end process is carried out. More
specifically, the writing of target data to the buffer
memory 13 is brought to an—end, followed by termination
of the data write operation. The TOC may be updated if
necessary, before the controller exits from this foutine.

If the result of the check in step S103 is
affirmative, then step 8104 is reached. An affirmative
result of the.check in step 8103 signifies that the
_ remaining recordable time Trem of the MD is shorter than
the total playback time Tsum of the CD. That is,
accommodating all target tracks to be dubbed requires
resorting to inter-disc recording. Step S104 and
subsequent steps constitute processes for executing
inter-disc recording in the track unit recording mode.

Step S104 is carried out to compute the number of
target tracks to be recorded (ﬁ), i.é., information
needed to conduct inter-disc recording in the track unit
recording mode. The number of target.tracks to be
recorded means the number of tracks that can be fully
accommodated by the recordable capacity of the currently
loaded MD 90.

More detailed processes making up step S104 are
shown in Fig. 22. 1In Fig. 22, step 8201 is first carried

out to initialize the parameters representing the total
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playback time Tsum of the CD and the number of target
tracks to be recorded (n). Specifically, the settings
“Tsum = 0" and *n = 0“-Are initially established.

Step S202 is carried.out next to oﬁtain the'
playback time Ts of the (n+l)th track in playback order
among the tracks to be reproduced from the CD 91.
Illustratively, if step 5202 is performed for the first
time, that means n+l = 1, and the playback time Ts of the
first track to be reproduced is acquired.

In step S203, the playback time Ts thus obtained is
added to the current total playback time Tsum of the CD.
That is, an operation “Tsum = Tsum + Ts* is carried out
to update the total playback time Tsum of the CD. If step
$203 is carried out for the first time, then Tsum = Ts.

In step S204, a check is made to see if the.
relation “Tsum > Trem" holds, where Tsum stands for -the
total playback timelof the CD updated in step 8203, and
Trem denotes the remaining recordable time of the MD
obtained in step S102.

If the result of the check in step 8204 is negative,
i.e., if the updated total playback time of the CD is
judged to be no greater than the remaining recordable
time Trem of the MD, step S§205 is reached. In step S205

the variable number of target tracks to be recorded '(n)
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is incremented by one, before step 5202 is reached again.

As long as the check in step $204 yields a negative
result, steps 5202 éhrough S205 are repeated, whereby the
total playback time Tsum of the CD is acquired as a sum
of the playback times Ts of the target tracks to be
Qubbed.

Eventually the chéqk in step S204 yields an
affirmative result. That means the reproduced tracks up
to the {n+1)th track are judged to be fully recordable
onto the currently loaded MD. The system controller 11
then goes to step S206. In step S206, the variable number
of target tracks to be recorded {(n) is established
definitively as the number of target tracks to be
recorded {(n). The number thus acgquired serves as the
result of the process in step S104.

Retufning now to Fig. 21, the system controller 11
goes to step S105 from step S104 in wﬁich the number Qf,
target tracks (n} was computed. 1In steb SlOS{ a check is
made to see if the number of target tracks (n) is at
least.one.

If the number of target tracks to be recorded (n)
is not judged to be at least one, i.e., if the number of
éarget tracks is found to be zero, then step S114

(described later) is reached. The number of target tracks
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{n) being zero signifies that the recordable capacity of
the MD 90 currently in the recording and reproducing
position is mow iﬂcapable of accommodating in its
entirety any further track to be reproduced from the CD.
On. the other hand, if the number of target tracks
to be recorded (n) is judged to be at least one, step
S106 is reached. 1In this case, at least one more track
can be accommodated within the recordable capacity of the
MD 90 currently in the recording and reproducing position.
In step S106, high-speed .dubbing in the track unit
recording mode is started. While high-speed dubbing is
under way in the track unit recordiné mode, step S107 is
carried out to initialize illustratively a general-
purpose counter (with a count value *m* = () inside the
systeﬁ controller_ll. The count value "m" represents the
number of tracks to be reproduced from now on from the CD.
In step S108, a check is made to see if
reproduction of data from the CD has ended. If the result
of the check in step S108 is affirmative, then step §121
is reached for the dubbing end process. If the check in
step S108 yields a negative result, i.e., if data
reproduction from the CD is still under way, step S109 is
reached.

In step 8109, a check is made to see if a track
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change has occurred during CD data reproduction. If step
5109 is reached for the first time, the starting of
playback of the-first track is recognized as a track
change..

The pfesence or absence of track changes is judged
illustratively thfough detection of sub-codes or mute
gaps in the reproduced CD data as mentioned above.
Control is returned to step S108 as long as no track
change takes place. Once a track change is recognized,
step S110 is reached.

Step 8110 is carried out to write to the HCMS
management table 29 an entry of the track whose data are
to start getting dubbed onto the MD 90 following the
track change. The track entry process is performed as
described earlier with reference to Fig. 17. In this
example, an entry of the track is made to the HCMS
management table 29 in properly timed relation with the
start of track dubbing to the MD 90.

In step S111, the count value "m" is incremented by
one. In step S112, a check is made to see if a relation
"m > n" holds, where “m" denotes the count value
currently in effect and "n" represents the number of
target tracks to be recorded as calculated in step S104.

If the result of the check in step S112 is negative,
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that ﬁeans there still remains a track to be accommodated
in its entirely onto the MD. In that case, the dubbing is
allowed té continue as designated in step 9113, and step
8108 is reached agaih.

When steps 5108 through.5113 are repeated, the
tracks reproduéed consecﬁtively from the CD are recorded
to the MD. Each track to be dubbed is subjected to HCMS
management in properly timed relation to the start of its
recording.

Suppose that as many tracks as the number of target
tracks to be recorded (n) have been reproduced and that
there has been a track change to a first track to be
recorded onto the next MD. In that case, the first track
destined for recording onto the next MD is arranged to be
submitted to HCMS management in step S110. In step S111,
the count value Ym* is incremented by oné. This brings
about an affirmative result of the check in step S112.

Given an affirmative result of the check in step
8112, the system controller 11 reaches step S114 to
determine whether another MD is housed in the stocker 101,
The system controller 11 is designed to have the abilify
-to recognize the MD storage status in the stocker 101. If
an empty disc that has yet to undergo inter-disc

recording is judged to exist, then step S115 is reached.
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In step S115, the data write operation is stopped
upon completion of the writing of data up to the end
positién of the last track on the currently loaded MD. 1In
step S116, the current MP is replaced by the next MD that
is loaded into the recording and reproducing position. In
other words, a disc changeover is carried out.

At this point, reproduction of data may already
have been started from the.next track of the CD. Since
the reproduced data are accumulated temporarily in the
buffer memory 13, the reproduced data from the next track
will not be lost as long as there is no overflow in the
buffer memory 13.

In step S117, a check is made to see if the disc
changeover has been completed. When the disc changeover
is judged to have ended, step S102 is reached again.

When control is returned to step S102 following
steps SllSIthrough S117, step S102 is carried out agéin
to acquire the total playback time Tsum of the CD and the
remaining recordable time Trem of the MD. That is;'the
total playback time Tsum of the CD is obtained as
representative of all remaining tracks. The remaining
recordable time Trem is computed with regard to the MD 30
that was loaded anew into the recording and reproducing

position in step S116 earlier.
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After control is passed on from step S$114 back to
step S102 via steps S115 through S117, steﬁ S$102 and
subséﬁuent steps are again carried out to effect inter-
disc recording as high-speed dubbing in the track unit
recording mode, as long as the stocker 101 contains an MD
90 with a sufficient recordable capacity.to accommodate
at least one track in its entirety.

If no more MD is found available in the stocker 101
even though there remains a track to be reproduced from
the CD, the result of the check in step S114 is negative.
In that case, step 5118 is reached.

Earlier, step S110 was carried out to submit a
target track to HCMS management in a suitably timed
relation to a track change on the CD. When the check in
step S114 reveals the unavailability of subsequent inter-
disc recording, a putative.failure to exclude the target
t;ack from HCMS management in the most-recently reached
step 5110 will diéable high-speed dgbbing of the track in
question for the next 74 minutes despite the fact that no
part of the track is recorded yet to a new MD at high
speed.

It is thus obvious that a negative result of the
check in step S114 requires carrying out step S118 to

clear from the HCMS management table 29 the target track
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entered there in the most-recently reached step S110.
Step 8118 is followed by step S$121 for the dubbing end

process.

5-4. Processing in Seamless Recording Mode

How high-spéed dubbing is carried out in the
seamless recording mode is described below with reference
to Fig. 23. The steps shown in the figure are also
performed by the system controller 11 of the MD
recorder/player 1.

The system controller 11 first goes to step $301 to
wait for a request for high-speed dubbing to arrive. When
a high-speed dubbing.requested is acquired, step 8302 is
reached.

As in step S102 of Fig. 21, step 8302 is carried
out to acquire a total playback time Tsum of the
currently loaded CD and a remaining recordable time Trem
of the current MD. In step S§303, as in step $103 of Fig.
21, a comparison is made between the total playback time
Tsum of the CD and the remaining recordable time Trem of
the MD. That is, a check is made to see if the relation
"Tsum > Trem" holds.

If the result of the check in step $303 is negative,

step 8317 is reached. Step S317 and the next step 8318
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are functionally identical to steps S119 and S$120 in Fig.
21 for executing'regular high-speed dubbing without
inter-disc recording, and no further description of the
two steps will be given here. If completion of data
reproduction from the CD is detected in step S318, step
8319 is reached for a dubbing end process, and the system

controller 11 exits from this routine. The dubbing end

process in step S319 may be the same as that in step S121.

In the case of an affirmative result of the check
in step S303, step S304 is reached wherein high-speed
dubbing in the seamless recording mode is initiated. 1In
other words, for subsequent inter-disc recording from one
MD to another, the data to be dubbed are arranged to
remain continuous with no data drop-out.

After high-speed dubbing has been started as

_described, a check is made in step S305 to see if data
reproduction from the CD has ended. If CD data
reproduction is judged to have ended in step S305, step
8319 is reached for the dubbing end process. If the
result of the check in step 8305 is negative, with the
data reproduction from the CD continued, then step S306
is reached.

in step S306, a check is made to see if a track

change has occurred during CD data reproduction. If step
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8306 is reached for the first time, the starting of
playback of the first track is recognized as a track
change as in the preceding example.

If no track change is detected in step S306, step
S307 is reached. In the seamless recording mode, the
writing of reproduced data is continued until the
recordable capacity of the MD has become null {zero). A
check in step S307 determines whether the remaining
recordable time Trem of the MD has reached zero. In other
words, whether or not the recordable capacity of the MD
has been completely exhausted is verified.

If the check in step S307 shows that the remaining
recordable time of the MD is other than zero, i.e., that
the MD still has a recordable capacity, then step 8309 is
reached in which continuation of the dubbing opeiation is
decided on. Step $309 is followed by step S8305. If the
remaining recordable time of the MD is judged to be zero,
with no further data allowed to be written to the MD,
then step S310 and subsequent steps are reached and
carried out.

If a track change is detected in step S306, then
step 8308 is reached. In step 8308, the track to be
dubbed from now on to the new MD 90 following the track

change is entered into the HCMS management table 29. Step
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5308 is followed by step S309 which in turn is followed
by step S$305.

If in step 8307 the recordable capacity of the MD
is judged to be exhausted, the system controller 11 goes
to step S310.

In step S310, as in step 8114 of Fig. 21, a check
is made to see if anther MD is housed in the stocker 101.
If the result of the check in step 5310 is affirmative,
steps 8311 through 8313 are carried out before step S302
is reached again.

Steps 8311 through 8313 are functionally identical
to steps 8115 through S117 in Fig. 21. When step 8302 is
reached following steps SBli through 8313, the same
process as that of step 8102 in Fig. 21 is perfoimed.
That is, step S$302 is carried out again to acquire the
total playback time Tsum of the CD and the remaining
recordable time Trem of the MD 90. The total playback
time Tsum of the CD is represgntative of all remaining
tracks, and the remaining recordable time Trem is
computed with reg%rd to the MD %0 that has been newly
loaded into the recording and ieproducing position.

By the processes above, the last track partially
recorded onto the earlier Mb 90 at high speed is recorded

in a seamless manner on to the next MD 90 also at high
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speed, i.e., the track in question is exempt from HCMS
management until it is recorded in its entirety. One
track can thus be dubbed continuously onto a plurality of
MDs at high speed.

Step S308, in which the track to be recorded is )
entered into the HCMS management table, is carried out in
keeping with a track change on the CD, i.e., in properly
timed relation to the start of'high-speéd dubbing of the
track in question. That means the timer for HCMS
management starts its counting in a suitably timed manner
as the high-speed dubbing begins. In other words, the
timer for HCMS management performs its counting
appropriately on any one track that is dubbed at high
speed seamlessly onto a plurality 6f MDs.

If no othe; MD is judged to be housed in the
stocker 101, i.e., if the result of the check in step
8310 is negative,'then step S314 and subsequent steps are
reached. The dubbing end process is initiated in step
8314 and continues on to steps S$315 and S316.

When -the result of the check in step S310 is
negative and the dubbing is brought to an end accordingly,
the last track written to the currently loaded MD is
terminated in an incompletely recorded state. Without

suitable arrangements, the track in question would now be
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subject to HCMS management following the process in the
most-recently executed step S308. However, it is
difficult to convince the user that a partially dubbed
track is also_subfect-éo HCMS management; the
incompletely recorded track should be allowed to be
dubbed again at high speed before the 74-minute
injunction against high-speed dubbing expires. By
execution of step S315, this embodiment erases the entry
of the most recently-and partially-dubbed track from the
HCMS management table 29.

When step S316 is carried out next, the most
recently recorded track is deleted from the MD in
guestion.

Where the result of the check in step $310 is
negative, there may be a case in which the last track was
recorded continuously to a plurality of MDs (with their
recor&able capacities assumed to be sufficiently small)
but has failed to be accoﬁmodated théreby in its entirety.
In that case, the TOCs of all MDs involved are updated in
such a manner that the last-recorded track is deleted
from the MDs. This process spares the user of the chores
of having to erase manually the incompletely recorded
last track from the MDs.

The description so far has been made on the
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assumption that only high-speed dubbing is subject to
injunctions against unbridled recording. However, in view
of possible future trends toward more rigorous protection
of copyrights, or simply for better copyright protection
regardless of the current HCMS requirements, it is )
legitimate and even desirable to envisage measures for
restricting standard-speed dubbing in a qualified manner.

For example, there may be provided a copy
management system obeying the rule:.“Irrespective of the
dubbing speed, any one track or piece of music once
dubbed is inhibited from another session of dubbing for
at least 74 minutes starting from the time the track in
question began to be dubbed.*

The structure of the embodiment discussed above may
be readily modified to embrace that alternative copy
management system. Illustratively, a copy management
system subject to restrictions on standard~speed dubbing
is implemented by simply altering the arrangeménts of the
embodiment explained with reference to Figs. 18A through
23.

While this invention has been described.in
conjunction with a specific embodiment and related
examples, the invention is not limited to such

specificities. For example, whereas the above-described
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dubbing system of the  invention was shown interconnecting
an MD recorder/player and a CD player, the invention may
also apply to a dubbing system involving a plurality of
MD reéorder/players, as well as to a dubbing system
dealing with DATSs, tape cassettes or other tap; media for
recording and reproduction.

The record sources to be dubbed are not limited to
audio data reproduced from media as long as the sources
are properly managed by a copy management system. What
may be adopted as a source today and in future includes
audio data received by terrestrial radio tuners and
satellite digital broadcast tuners.

As described and according to the invention,
programs {tracks) recorded to a dubbing destination
storage medium (MD} at high speed or standard speéd are
inhibited-from another-session of such high-speed or
standard-speed dubbing for a predetermined period of time.
Any program that is recorded only partially to the
dubbing destination storage medium is excluded from the
scope of a qualified injunction against high-speed or
standard-speed dubbing.

The inventive scheme &dllows the user to record onto
a newly-loaded storage medium any such program that was

partially recorded to the previously-loaded medium,
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without a forced interval between the two dubbing
sessions. That is, with the requirements for copyright
protection duly met, the dubbing apparatus of the
invention allows the user to record a desired source to
two storage media in a practically consecugive manner.

The invention thus enhances the ease of use and

availability of the dubbing apparatus.
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CLATIMS :

1. A dubbing apparatus for dubbing, at a
predetermined speed higher than a standard dubbing speed,
programs reproduced from a first storage medium serving
as a dubbing source onto a second storagé medium acting
as a dubbing destination, when said first storage medium
includes a program area and a management area, said
program area having a plurality of programs recorded
therein, sai& managemént area retaining management
information for managing the programs stored in said
program area, said dubbing apparatus comprising:

comparing means for comparing a total amount of
data constituting programs to be dubbed at the higher
speed among said plurality of programs fecorded on the
dubbing source first storage medium, with a recordablé
capacity of the dubbing destination second storage
medium;

recording controlling means which, if said
comparing means judges that the total amount of the data
constituting the programs to be dubbed from said dubbing
source first storage medium is greater than the
recordable capacity of said dﬁbbing destination second
storage medium, then dubs at.said higher speed at least

the programs that are recordable each in its entirety
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onto said dubbing destination second storage medium
within the recordable capacity thereof; and

storing means for storing a disable flag and an
enable flag, said disable flag inhibiting for a
predetermined period of time a new session of dubbing at
said higher speed of each of the programs that have been
recoxrded each in ifs entirety at said higher speed onto
said dubbing destination segond storage medium, said
enable flag allowing a prograﬁ not acqommodated in its
entirety by said dubbing destination second storage
medium to be dubbed consecutively at said higher speed.

2. A dubbing apparatus according to claim 1,

further comprising time counting means for counting time.

3. A dubbing apparatus according to claim 2, operable

so that, if the time counted by said time counting means

falls within said predetermined period of time, then said
recording confrolling means, on the basis of the disable
flags held in said storing means, inhibits dubbing at
said higher speed of the programs that have been recorded
each in its entirety at said higher speed onto said
dubbing destination second storage medium.

4, A dubbing apparatus according to claim 2 or 3,
further comprising :

controlling means which, if the time counted by

-
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said time counting means has reached said predeterﬁined

period of time, then resets said disable flag inhibiting

for said predetermined period of time a new session of

dubbing at said higher speed of each of the programs that

have been recorded each in its entirety at said higher

speed onto said dubbing destination second storage medium.
5. A dubbing apparatus according to any one of the

preceding claims wherein said recording controlling means

permits standard-speed dubbing of the programs inhibited from

being dubbed at said higher speed by the disable flags set in

said storing means.

6. A dubbing apparatus according to any one of the
preceding claims, operable, when said management area stores
identifiers for identifying said plurality of programs
recorded in said program area of said dubbing source first
storage medium, to store each of the identifiers reproduced
from said ﬁanagement area into said storing means in

correspondence with said disable flag and said enable flag.

7. A dubbing apparatus according to claim 6,
further comprising:

second comparing means for comparing identifiers
which are stored in said storing means and which identify

said plurality of programs recorded in said program area
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of said dubbing source first storage medium, with
identifiers identifying the programs which are designated
for higher-speed dubbiﬁg and which are stored in said
program area of said dubbing source first storage medium; .
and
.controlling means which, if said second comparing

means judges that any of the identifiers which are stored
in said storing means and which_identify said plurality
of programs recorded in said program area of said dubbing
source first storage medium coincides with any of the
identifiers identifying the programs which are designated
for higher-speed dubbing and which are stored in said
program area of said dubbing source first storage medium,
then either enables or disables higher-speed dubbing of
the identified program in accordance with either the
enable flag or theé disable flag set in correspondence
with the matched identifier.

8. A dubbing apparatus according to any one of the
preceding claims, wherein said standard dubbing speed is the
normal playback speed of the programmes on the first storage

medium or the normal speed at which the apparatus is operable

to play said first storage medium.
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9. A dubbing method for dubbing, at a
predetermined speed higher than a standard dubbing speed,
programs reproduced from a first storage medium serving
as a dubbing source onto a second storage medium acting
as a dubbing destination, said first storage medium
including a program area and a management area, said
program area having a plurality of programs recorded
therein, said management area retaining management
information for managing the programs stored in said
program area, said dubbing method comprisigg the steps
of:

combaring a total amount of data constituting
programs to be dubbed at the higher speed among said
plurality of programs recorded on the dubbing source
first storage medium, with a recordable capacity of the
dubbing destination second storage medium;

if the total amount of the data constituting the
Programs to be dubbed from said dubbing source first
storage medium is judged to be greater than the
recordable capacity of said dubbing destination second
storage medium, then dubping at said higher speed at
least the prograﬁs that aré recordable each in its
entirety onto said dubbing destination second storage
medium within the recordable capacity thereof; and

storing a disable flag and an enable flag, said
disable flag inhibiting for a predetermined period of

UL
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time a new session of dubbing at said higher speed of
each of the programs that have been recorded each in its
entirety at said higher speed onto said dubbing
destination second storage medium, said enable flag
allowing a program not accommodated in its entirety by
said dubbing destination second storage medium to be
dubbed consecutively at said higher speed.

10. A dubbing method according to claim 9, further
comprising the step of counting time.

11. A dubbing-ﬁethod according to claiﬁ 10, further
comprising the step, if the counted time falls within said
predetermined period of time, of, on the basis of the disable
flags stored in said storing step, inhibiting dubbing at said
higher speed of éhe programs that have been recorded each in

its entirety at said higher speed onto said dubbing

destination second storage medium.

12. A dubbing method according to claim 10 or 11,
further comprising the step, if the counted time has reached
said predetermined period of time, of resetting said disable

flag inhibiting for said predetermined period of time a new

session of dubbing at said higher speed of each of the
programs that have been recorded each in its entirety at said
higher speed onto said dubbing destination second storage

medium.
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13. A dubbing method according to any one of claims 9
to 12, further comprising the step of permitting' standard-
speed dubbing of the programs inhibited from being dubbed at said
higher speed by the disable flags set in said storing
step.

14. A dubbing method according to any one of claims 9

to 13 wherein said management area stores identifiers for

identifying s;id plurality of programs recorded in said
program area of said dubbing source first storage medium,
and wherein each of the identifiers reproduéed from said
management area is stored in said storing step in
correspondence with said disable flag and said enable
flag.
15. A dubbing method according to claim 14, further

comprising the steps of:

comparing identifiers which are stored in said
storiﬁg step and which identify said plurality of
programs recorded in said program area of said dubbing
source first storage medium, with identifiers identifying
the programs which are designated for higher-speed
dubbing and which are stored in said program area of said
dubbing source first storage medium; and

if any of the identifiers which are stored in said
storing step and which identify said plurality of

programs recorded in said program area of said dubbing
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source first storage medium is judged‘to coincide with
any of the identifiers identifying the programs which are
designated for higher-speed dubbing and which are stored
in said program area of said dubbing source first storage
medium, then either enabling or disabling higher-speed
dubbing of the identified program in aécordance with
either the enéble flag or the disable flag set in
correspondence with the matched identifier.

16. A dubbing method according to aﬁy one of claims 9
to 15, wherein said standard dubbing speed is the normal

playback speed of the programs on the first storage medium.

17. A dubbing apparatus for dubbing, at a predetermined
speed higher than a standard dubbing speed, programs
reproduced from a first storage wmedium serving'as a dubbing
source onto a second storage medium acting as a dubbing

destination according to the method of any one of claims 9 to

15'
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