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DATA RECORD MEDIUM, DATA RECORDING METHOD, DATA
RECORDING APPARATUS, ACCESSING METHOD, AND ACCESSING
APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present.invention relates to a data
record medium, a data recording method, a data
recording apparatus, an accessing method, and an
accessing apparatus applied to for example optical
discs.

Description of the Related Art

The standard for coﬁpact discs (CD), which
are common nowadays, is called compact disc audio (CD-
DA) and based on standard book (referred to as Red
Book). Based on the standard book, various formats
have been standardized as so-called CD family. as an
extended format of CD, the applicant of the present
invention has proposed a data record medium having two
record areas. The proposed'data record medium has an
inner record area (referred to as first area) and an
outér record area (referred to as second area). The
first area has compatibility with CD. However, the
second area does not have it. In the second area,
audio data that has been cqmpresséd“and encrypted is
recorded. In addition, the record density of the first

area is the same as that of conventional CD (namely,

single density). On the other hand, the record density

1

00



of the second area is twice as high as that of
conventional CD (namely, double density).

As an example of the method for accomplishing
the double density, the tack pitch is narrowed and/or
the linear velocity is decreased. Since the record
density of the first érea is different from that of the
second area, the addressipg system for the first area
is different from that for the second area. 1In othgr
words, in the first érea, the same addresging system as
CD is used. On the other hand, in the second area, a
different addressing system from CD is used. To.
accomplish the double density, the record data amount
is increased in comparison with the single density. 1In
the addressing system for CD, information assigned as
addresses may become insdfficient.l | |

When different types of addresses are
recoded, since their types differ from each other,
addresses are managed independently in each area. In
each area, addresses are zero-reset. When two areas
ére successively acceséed, since the addresses thereof
cannot be globally handled, for example, the accessing
process becomes complicated as an adverse problem.

Since the track pitch and/or linear velocity
of the first record area are différent from those of
the second record area, when a master disc is created
by a mastering device, it takes a long time to switch

those parameters. Thus, it is difficult to



successively record data in the two record areas. As a
result, a non-record area {(gap) takes place between the
two record areas. When such a non-record portion tages
place, a problem of how to record addresses results in.
As one method fo;.solving such a problem, addresses may
be successively assigﬁed to the first record area and
fhe second record area. In such a case, when the two
record areas are successively accessed through the non-
recofd portion, a problem occurs. In other words, the
traveling amount of the pickup thét accesses the first.
record area or the second record area differs from thét
of the pickup that successively accesses the first
record area and tﬁe second record area in the address
change amoqnt (difference).

. As another method, addresses are zero-reset
and assigned to the first record area and the second
record area. In this case, the same address is
redundantly assigned to the two record areas. Thus,
when the first record area and the:second record area
are successively accessed, a'problem takes place. 1In
addition, when the first record area and the second
recbrd area are accessed, the traveling amount in the
radius direction of the disc is detected by counting
the number of tracks that the pickup traverses using a
track traverse signal. However, in a non-record -
portion, since there is no track, when the pickup

traverses the non-record portion, the traveling amount



in the radius direction cénnot be accurately detected.

OBJECTS AND SUMMARY OF THE INVENTION

Therefore, an object of the present invention
is to provide a data record medium, a data recording
method, a data recording apparatus, an accessing-
method, and an accessing apparatus that allow a problem
of which two areas cannot be successively accessed due
to different types of addresses and the presence of a
non-record portion to be solved.

To solve the above-described problem, a first
aspect of the present invention is a data récord medium
having a plurality of record areas in which data is
recorded, comprising a first record area for recording
addrésses in‘a first addréssing7system, and a second
record area for recording addresses in a second _
addressing system that is different from the first
addressing system, whgrein when one of the first
addreésing system and the secoﬁd'addressing system is
éonvertqﬁ into the other addressing system, addresses
are assigned non-redundantly in said first record area
and said second record area.

A second aspect of the present invention is a
data recdrding method for recodiné data on a data
record medium whose record area is divided into at
least a first record area and a second record area,

comprising the steps of recording first data to the
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first record area in a first addressing system, and
recording second data to the second record area in a
second addressing system, wherein when one of the fiFst
addressing system and the second a&dressing system ié
converted into the other addressing system, addresses
are recorded non-redundantly in the first record area
and the second record area.

A third aspect of the present invention is a
data recording apparatus for recoding data on a data
record medium whosé record area is divided into at
least a first record area and a second record area,
comprising a recording means for recording first data
to the first record area in a first addressing system
and for recording second data to the second record area
in a second addressing system, and a controlling ﬁeans
for causing addresses to be recorded non-redundantly ip
the first record area and the second record area when
one of the first addressing system and the second
addressing system is converted into the other
addressingmsystem. -

A fourth éspect of the present invention is
an accessing method for accessing a data record medium
divided info at least a first record area and a second
record area, addresses beigg recof@gd to the first
record area in a first addressing 5ystem, addresses
being recorded to the second record area in a second

addressing system that is different from the first
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addressing system, when one of the first addressing
system and the second addressing system is converted
into the othef addressing system, addresses being
assigned non-redundantly in the first record area and
the second record area, comprising the steps of
‘reproducing an addresé of the data record medium,
converting the reproduced address into one of the first
addressing system and the second addressing system, and
accessing a desired position corresponding to the
converted address.

A fifth aspect of the present invention is an
accessing apparatus for acceésing a data record medium
divided iﬁto at least a first record area and a second
record area, addresses being recorded to.the first
record area in a first addressing system, addresses
being recorded to the second record area in a second
addressing system that is different from the first
addressing system, when one of the first addressing
system and the second addressigg system is converted
into the other addressing system, addresses being
assigned non-redundantly in the first record area and
the second record area,'comprising a reproducing means
for reproducing an address of the data record medium,
and a controlling means for éonvefting thé reproduced
address into one of the first addressing system and the
second addressing system and accessing a desired

position corresponding to the converted address.



According to the p:esent invention, even if
the addressing system for a first record area is
different from that for a second record area, those .
addressing systems can be globélly handled. As a .
result, the two record areas can be successively
accessed without a prbblem. In addition, even if there
is a non-record portion, the two record areas can be
successively accessed without a problem.

- These and other objects, features and
advantages of the present invention will become more
apparent in light of the following detailed description

of a best mode embodiment thereof, as illustrated in

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A ahd 1B are schematic diégrams for
explaining disc shaped record mediums acéording to the
present invention:; |

Fig. 2 is a schematic diagram for explaining -
én ekamp;e'of areas of a disc according to the
embodiment of the present invention:

Fig. 3 is a schematic diagram for explaining
the dimensions of the disc according to the embodiment
of the present invention: _

Fig. 4 is a schematic diagram for explaining

a non-record portion formed between two areas;

Fig. 5 is a block diagram showing the



structure of a mastering device according to the.
embodiment of the present invention:;

Fig. 6 is a schematic diagram showing an
example of the format of a frame according to the
embodiment of the present invention:

Fig. 7 is a schematic diagram showing an
example of the format of Q channel according to the
embodiment of the present invention;

Fig. 8 is a schematic diagram showing an
example of the format of data bits according to the
embodiment of the present invenfion:

Fig. 9 is a schematic diagram showing an
example of the format of data bits of TOC;according to
the embodiment of the present invénfion:

Figs. 10A, 10B, 10C, and 10D are schematic
diagrams showing examples of the format of data of CD-
ROM according to the present invention;

Figs. 11A and 11B are schematic diagrams
showing two examples of the format of a header portion
accbrding to the embodiment of the present invention;

Fig. 12 is a flow chart for-exﬁlaining an
address generating process according to the embodiment
of the present invention;

Fig. 13 is a block diagram showing the
structure of a reproducing apparatus according to the
embodiment of tﬁe present invention; and

Fig. 14 is a flow chart for explaining the



operation of the reproducing apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Next, an embodiment of the present invention
will be described. In Fig. 1A, reference numeral 1
represents a record medium such as a disc according to
the present invention. On the disc 1, a program area
thereof is divided into two portions in the radius
direction. As a result, a first recofd area (referred
to as firét part) PAl and a second record area |
(referred to as second part) PA2 are formed. The first
part PAl is formed on the inner periphery side, whereas
the second ﬁart PA2 is formed on the outér periphery
sidé. In the first part PAl, first content data as
non-compressed data for example first audio data is
recorded. In the second part PA2, second cbntent data
as coméressed data such as second audio data is o
recorded. Reference numeral 2 represents an opening
portion. When necessary, the second audio data is
encrypted data. -

In Fig. 1B, reference numeral 1' represents
another example of a disc according to the present
invention. On the disc 1', a program area thereof is
divided into three portioni in thé_;adius direction.

As a result, a first part PAl, a second part PA2, and a
third part PA3 are formed. In the first part PAl and

the second part PA2, first data and second data as non-
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compressed data are recorded. In the third part PA3.,
third data as compressed data is recorded. The number
of program areas formed in the radius direction is not
limited to two and three shown in Figs. 1A and 1B. In
other words, the number of program areas can be freely
selected. 1In additioh, the first part, the second
part, and so forth may ﬁe successively arranged from
the outer periphery side ;ather than the inner
periphery side. B '

Next, an embodiment of the present invention
will be described in detail. According to the
embodiment, two program areas are formed as shown in
Fig. 1A. According to the embodiment, the
compatibility with conventional CD is considered. Fig.
2 shows areas of the disc i. On the outer periphery of
a clamping area formea on the innermost periphery, a
lead-in area LI1 is formed. On the outer periphery
side of the lead-in area LI1l, a first part PAl is
formed. On the outer periphery side'ofjthe first part
fAl, a lead-out area LOl is formed. On the oﬁteg
periphery side of the lead-out area LOl, a lead-in area
LI2 is formed. 6n the outer periphery side of the
lead-in area LI2, a lead-out area LO2 is formed. The
areas LI1, PAl, and LOl structure-a first session. The
areas LI2, PA2, and LO2 structure a second session.

Fig. 3 shows the dimensions of the disc 1.

The dimensions of the disc 1 are the same as those of
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CD. 1In Fig. 3, a dot—dash line represents the center
position of the disc 1. As shown in Fig. 3 as an
enlarged partial view of the disc 1, the thickness of
the disc 1 is 1.2 mm. On a polycarbonate substrate 3
having a thickness of 1.2 mm, an aluminum reflection
layer 4 (40 to 80 nm); a protection layer 5 (10 to 20
pm), and a label 6 are laminated. On the substrate 3,
pits (concave and convex portions) corresponding to
data are formed. By radiating a laser beam to the
1ower.side of the substrate 3, the presence and absence
of the pits are read as the light amount difference of
the reflected light.

The lead-in area LIl is formed from 23 mm to
25 mm in the radius direction starting from the center
of the disc. In the case of the conventional D, a
program area_is formed on the outér periphery side in
the range from the center of the disc to. 58 mm in the
radius direction. A lead-out aréa is formed on the
outer periphery side of the program area in the range
froﬁ the center 6f the disc to 58.5 mm in the radius
diréction.
| Acéording to the standard of the conventional.
CD (referred to as Red Book), the track pitch is 1.6 pm
£ 0.1 im and the linear veleocity ASHCLV (Constant
Linear Velocity) is in the range from 1.2 m/s to 1.4
m/s. When the data format of record data complies with

the standard, the minimum bit length on CD depends on
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the linear velocity. When the linear velocity is 1.25
m/s, the minimum time length (the time length of which
the number of zeros between ones of record signal is
the minimum) Tmin of the EFM modulating system'(eight
to fourteen modulation: EFM) is 3T. The bit length for
3T is 0.87 um. The bit length for T is the minimum bit
length. The maximum reproduction time (74.7 minutes)
is accomplished in the caselthat the track pitch is 1.6
pm and the linear velocity is 1.2 m/s.

According to the embodiment, a digital audib
signal is recorded in the same signal format as the
conventional CD to the first part PAl. 1In this case,

_ Qith the.lower limit value (1.5 pm) as an allowable
value of the frack-pitch and the lower limit value (1.2
m/s) as an allowable value.offthg linear velocity
according to the CD standard; the audio data is
recorded. As a result, in ﬁhe.range ffom the center of
the disc to 56.5 mm in the radius direction (namely,
the first part PAl), digital audio data (in the CD
format) of the maximum reproduction time (74.7 minqtes)
is recorded. On the outer periphery side of the first
part PAl, the range for 0.5 mm in fhe radius direction
is the lead-out area LOl.

The lead-in area LI1, the first part PAl, and
the lead-out area LOl1l that are recorded in such a
manner satisfy the CD standard. Thus, a conventional

CD reproducing apparétus can reproduce audio data
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recorded in the first part PAl without a problem.

In the range from the center of the disc to
58 mm in the radius direction, on the outer periphery
side of the lead-out area LOl, there is an area for 1
mm in the radius direction. In the range for 1 mm, the
lead-in area LI2 and the second part PA2 are formed.
In the range for 0.5 mm, on the outer periphery side of
the second part PA2, the lead-out area LO2 is formed.
As a result, the length from the center of the diéc 1
to the lead-out area LO2 becomes 58.5 mm. Thus, the
disc 1 satisfies the dimensions required in the CD
standard. The length in the radius direction from the
center of the substrate to the outermost periphery is

60 mm (thus, the diameter thereof is 120 mm).

The above-described dimensions (LI2 + PA2
1.0 mm; LO2 = 0.5 mm) are a first dimensional example.
As a second dimensional example that satisfies the
dimensions of the CD standard, dimensions (LI2 = 0.1
mm; PA2 = 1.1 mm;'LOZ = 0.3 mm) are available. As a
third dimensional example, dimensions (L12 = 0.1 mm;
PA2 = 3.1 mm; LO2 = 0.3 mm) of which the length in the
radius direction from the center of the disc to the
lead-out area LOl is 54.5 mm (narrowed by 2 mm from
56.5 mm) is also availablé,.

In brief, audio data in the same format as
conventional CD is recorded to the first part PAl

{since the audio data is non-compressed data, it is
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referred to as linear PCM). Compressed audio data in
single density or double density is recorded to the
second part PA2. The single density represents the
same record density as the conventional CD (track pitch
= 1.6 pm £ 0.1 pm; linear velocity = 1.2 m/s to 1.4
m/s), whereas the douﬁle density represents the record
density twice as high as the single density. Audio
data recorded in the second part is data to be
copyright-protected. The format of data :eqorded in
the second part PA2 is for example the CD-ROM format.
To accomplish the double density for the second part
PA2, the track pitch is narrowed and/or the linear
velocity is décreased. In reality, by narrowing the
track pitch to-1.1 ym and decreasing the linear
velocity to around 0.9 m/s, fhe.double density can be
accomplished. |

Next, assuming that the record density of the
first part PAl is single density and the record density
of the second part PA2 is double density, the data
amount that is recorded to the disé 1 will be
described. The linear PCM of CD-DA is data sampled at
44.1 kHz and linear-quahtized wifh 16 bits. In stereo,

L3

the information amount becomes (2 x 16 x 44.1 k = 1.4
Mbps). bps represents bits/second. When the audio
data is compressed with a compression rate of 1/10 by
for example ATRAC3, the information amount becomes 128

kbps. The compression rate of ATRAC used in MD (Mini
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Disc) is around 1/5. The compression rate of ATRAC3 is
higher than that of ATRAC. In the second dimensional
example, as with CD-DA, linear PCM for 74.7 minuteslcan
be recoded to the first part PAl. ATRAC3 compressed'
audio data for 74.7 minutes can be recorded to the
second part PAZ2. |

The audio data recorded to the second part
PA2 is not limited to audio data of CD-DA. In other.
words, besides stereo signals, multi-channel audio dat;
of for example 5.l1-channel system can be recorded. In |
addition, it is not necessary to limit the sampling
frequency and the number of quantizing bits to the
above-described values. For example, audio data with a
sampling frequency of 96 kHz and 24 Quantizing bits may
be compressed and recorded to the second part. .When
audio data is compressed corresponding to ATRAC3, the
information amount of compressed data becomes 384 kbps.
In the second dimensional example (PA2 = 3.1 mm),
linear PCM for 68.2 minutes can be recorded to the
first part PAl.'whereas_compressed audio data for 68.2
minutes (384 kbps) can be redorded to the second part
PAZ2.

It is not always necessary to cause the
record density of the first part to be different from
that of the second part. For example, in the above-
described first dimensional example (LI2 + PA2 = 1.0

mm; .02 = 0.5 mm), linear PCM for 74.7 minutes is
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recorded to the first part PAl, whereas compressed
audio data for 35 minutes (128 kbps) in single density
(linear velocity = 1.2 m/s; track pitch = 1.5 ps) is
recorded to the second part PA2.

In the case of the disc shown in Fig. 3, a
lead-out area LO1 and a lead-in area LI2 are formed
between the first part PAl and the second part PA2. In
reality, due to the structure of a recording apparatus
(mastering device) that will be desdribéd later,.while
the récbrd density is switched from one to another,
since no data is recorded, a non-record portion.as a
gap (so-called'mirror surface) takes place.

On the disc 1 having a plurality of record
areas according to the-present invention, in addition

to the same data as coﬁventioﬁal TOC (Tablé of |
Cbntents)_récorded in the lead-in area LI1 that is
initially reproduced upon loaded to the reproducing
apparatus, additional information is recorded thereto.
The additional information contains an identification
‘that represents a plurality of parts and information of
parts. In addition, the additional information
contains information that represents whether or not
data has been encrypted and information that represents
the type of encryption. Mbreover, the additional
information contains a start éddress and an end address
that represent the start position and end position of

the record area of the first part, respectively.

16



According to the embodiment, the addressing
system for the first session composed of LI1, PAl, and
LO1 is different from that of the second session
composed of LI2, PA2, and LO2. As the address notation
for the first session, as with the conventional'CD, M
(minute), S (second), and F (frame) in BCD notation are
used. As the address notation for the second session,
H (hour), M (minute), S (second), and F (frame) in BCD
notation are used. Alternatively, as the address
notation for the second session, binary.notation may be
used. The reason why the addfessing sYstem for the
second session is different from that for CD is in that
data in double density recorded in the second part may
cause addresses that exceed the maximum value of the
addresses of M (minute), S_(second), and F (frame) in
BCD notation to take place. |

Next, with reference to Fig. 5, the recording
apparatus for the disc 1 (namely, the mastering device)
will be described. In this example, it is assumed that
the disc 1 has a first part PAl of single density and a
second bart PA2 of double density. In Fig. 5,
reference numeral 10 represents the overall structure
of the mastering device. The mastering device 10 has a
laser 11, an optical modulator 12; and an optical
pickup 13. The laser 11 ié’a gas 1;ser (such as Ar ion
laser, He-Cd laser, or Kr ion laser) or a semiconductor

laser. The optical modulator 12 is an acoustic optical
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effect type modulator that modulates laser light
.radiated from the laser 11. The optical pickup 13 is a
recording mea#s that has an objective lens that
collects laser light that passes through the optical
modulator 12 and radiates the laser light to a photo-
resist surface of a giass master disc 19 on which a
photo-resist as a photosensitive material is coated.
The optical modulator 12 modulates laser
lighf'radiated from the laser 11 corresponding to a
record signa;. The mastering device 10 rédiates the
modulated laser light to the glass master disc 19 so as
to create a maser of which dafa is recorded to each
part. In addition, tﬁe mastering device 10 has a servo-
circuit 14 that controls the opticallpickup 13 so that
the distance between the optical pickup 13 and the
glass master disc 19 becomes constant. In addition,
the servo circuit 14 controls the rotating and driving
operations of a spindle motor 18. The glass master
disc 19 is rotated and driven by.the spindle motor 18.
| A record sigﬁal is supplied from a CD signal
gengrator 20 to the optical modulator 12.
Alternatively, a record signal is supplied from a CD-
ROM encoder 23 to the optical modulator 12. The CD
signal generator 20 generates a signal recorded to the
first area. The CD-ROM encoder 23 generates a signal
recorded:to the second area. A linear PCM signal 21 as

record data is supplied to the CD signal generator 20
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through a switch 15a. In addition, an address signal
is supplied from an address generating portion 22 to
the CD signal generator 20 through a switch 15b. A
compressed audio signai 24 as record data is suppliea
to the CD-ROM encoder 23 through a switch 15c¢c. In
addition, an address signal is supplied from the
address generating portion 22 to the CD-ROM encoder 23
through a switch 15d.

The switches 15a to 154 compose a selector
15. The selector 15 is controlled with a selection
signal supplied from an area selecting circuit 17 that
is controlled by a dontroller 16. In other words, when
data is recorded to the first part PAl, lead-in area
'LI1, and lead-out area LOl, the switches 15a.and 15b
are turned on. When data is recorded to the second
part PA2, lead-in area L.I2, and lead-out area L0O2, the
switches 15c and 154 are turned on. In addition, the
area selecting circﬁit 17 generates a selection signai
cor:esponding to a non-record portion formed between
the lead-out area LOl and the lead-in area LI2. The
length éf the non-record portion is pre-set. In the
non—record portion, all thg switches 15a fo 154 are
turned off. In the non-record portion, required
switching operations for example frack pitch and linear
velocity are performed. - )

The address generating portion 22 generates

addresses for both the two areas. A selection signal
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is supplied from the area selecting circuit 17 to the
address generating portion 22. As the area is
switched, the type of generated addresses is switched.
In addition, the controller 16 controls the servo
circuit 14 as the area is switched so as to control the
“track pitch and the linear velocity of each area.
Moreover, the controller 16 controls the overall
operations of the mastering device 10.

To switch the record density between the two
record areas, it is necessary to control the track
pitch and/or linear velocity. For example, at the
switching position, the recording operation is
temporarily'stopped and then the track pitch and/or
linear vélocity (the rotation of the spindle motor 18)
is changed. 1In this caée, a non-record area (so-called
mirror surface) takes place between the two areas.

The CD signal generator 20 converts the
linear PCM signal 21 and sub-code (supplied from the
address generating portion 22) into CD format data. In
bther words, 16 bits of one sample or one word are
divided into a high order eight-bit portion and a low
order eight-bit portion. Each of the high order eight-
bit portion and the low order eight-bit portion is
treated as a symbol. In the unit of a symbol, an error
correction encoding process (fof adding parity data and
so forth for correcting an error corrésponding to for

example CIRC (Cross Interleave Reed-Solomon Code) and a
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scrambling process are performed and then modulated
corresponding to EFM (Eight to Fourteen Modulation).

In addition to TOC data of CD-DA, the address
generating portion 22 generates additional information
that contains information of the parts as data that is
recorded to the lead-in area LI1. When necessary, the
mastering device 10 also has an encrypting circuit (not
shown) that encrypts the additional information.

The CD-ROM encoder 23.converts the format of
dafa that is recorded to the second part ‘into the data.
format of CD~ROM (the data format of CD-ROM will be
described later). As an example of the dompresSion-
encoding method, AAC (Advanced Audio Coding) of MPEG2
(Moving Picture Experts Group Phase 2), MPB (MPEG1
Audio Layer III), ATRAC (Adaptivé Transform Acoustic
Coding), ATRAC3, or the like can be used. ATRAC3 is a
modification of ATRAC used in MD and accomplishes a
higher compression rate (around 1/10) than ATRAC.

The glass master disc 19 recorded by the
ﬁastgring device 10 is developed and electrically
formed. As a result, a metal master is created. With
the metal master, a mother disc is created.

Thereafter, with the mother disc, a stamper is created.
With the §tamper, CDs are created.by compression
molding method, injection molding method, or the like.

Next, signals that are recorded to the each

part will be described. Fig. 6 shows the data
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structure of one frame of a CD signal. In CD, with a
total of 12 samples (24 symbols) of two channels of
digital audio data, parity Q and parity P are
generated. Each of parity Q and parity P is composed
of four symbols. 33 symbols of which one symbol of
sub-code is added to 32 symbols (namely, 264 data bits)
are treated as one block. In other words, one frame
that has been modulated corresponding to EFM contains a
total of 33 symbols that are sub-code of ohe symbol,
data of 24 symbols, Q parity of four symbols, and P
parity of four symbols.

When the EFM-modulation is performed, each
symbol (eight data bits) is converted into 14 channel
bits. A connection bit portion of three bits is formed
between adjacent 1l4-channel bit portions. In addition,
a frame sync pattern is added at the_beginning'of each
frame. The frame sync pattern is composed of sequénces
11T, 11T, and 2T (where T is a period of a channel
bit). Since such a pattern does not take place in the
EFM modulation rule, a frame sync is detected with such
a special.pattern. One frame is composed of a total of
§88 channel bits.

With 98 frames, a sub-code frame is formed.

A sub-code frame of which 98 frames are successively
arranged in the vertical difection is composed of a
frame synchronous portion, a sub-code portion, a data

portion, and a parity portion. The frame synchronous
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portion identifies the beginning of the sub-code frame.
A sub-code frame is equivalent to 1/75 seconds of
reproduction time of conventional CD.

Sub-code generated by the address generating
portion 22 is recorded to the sub-code portion. The
sub-code portion is composed of 98 frames. Two frames
at the beginning of the sub;code portion servé for both
a synchronous pattern of a éub-code frame and an out-
of-rule pattern of EFM. In addition, the individual
bits of the sub-code portion form P, O, R, S, T, U, V,.
and W channels, respectively.

R to W channels are used for a special
pufpose for a still picture such as Karaoke's subtitle.
P and Q channels are used for the track position
contrelling operation for the pickup in reproducing
digital data recorded on the disc.

In the lead-in area of the inner periphery
portion of the disc, P channel is used to record a
signal whose level is "0". 1In the lead-out area of the
6ﬁter periphery portion of the disc, P channel is used
to record a signal whose level changes between "0" and .
"1" at a predetermined period. In the program area
formed between the lead-in area and the lead-out area
of the disc, P channel is used to record a signal whose
level is "1" between music—;rograﬁé—and whose level is

"0" in each program. P channel is used to detect the

beginning of each music program in reproducing digital
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audio data recorded on CD.

O channel is used to precisely control the
reproducing operation of digital audio data recorded on
CD. As shown in Fig. 7, one sub-code frame of Q
channel is composed of a synchronous bit portion 51, a
control bit portion 52, an address bit portiomn 53, a
data bit portion 54, and a CRC bit portion 55.

The synchronous bit portion 51 is composed of
data of two bits. A part of the above-described
synchronous pattern is recorded to the synchronous bit
portion 51. The controi bit portion 52 is composed of
data -of four bits. Data that represents the number of
audio channels and identifications for emphasis,
digital data, and so-forth is recorded to the control
bit portion 52. When the data of four bits of the
control bit portion 52 is "0000", the data represents
that 2-channel audio without pre-emphasis. When the.
data of four bits of the control bit portion 52 is
"1000", the data representé 4-channel audio without
pre-emphasis. When the data of four bits of the
control bit portion 52 is "0001", the data represents
2-channel audio with pre-emphésié. When the data of
four bits of the control bit porfion 52 is "1001", the
data represents 4-channel audio with pre-emphasis.
When the data of four bits of the control bit.portion
52 is "0100", the data represents non-audio data track.

The address bit portion 53 is composed of data of four
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bits. A control signal that represents the format and
type of data stored in the data bit portion 54 is
recorded to the address bit portion 53. The CRC bit
portion 55 is composed of data of 16 bits. Data for
detecting an error of cyclic redundancy check code
(CRC) is recorded to the CRC bit portion 55.

The data bit portion 54 is composed of data
of 72 bits. When the data of four bits of the address
bit portioh 53 is "0001", as shown in Fig. 8, the data
bit portion 54 is composed of a track number portion |
{TNO) 61, an index portién_(INDEX) 62, an'elapsed time
minute combonent'portion (MIN) 63, an elapéed time
second component'portioﬁ {SEC) 64,.an elapsed time
frame number portion (FRAME) 65, a zero portion (ZERO)
66, an absolute time minute component portion (AMIN)
67, an absolute time second component portion (ASEC)
68, and an absolute time frame number portion {AFRAME)
. 69. Each portion of the data bit portion 54 is
composéd of data of eight bits.

_ The track number portidn (TNO) 61 is
represented in two-digit binary coded decimal (BCD)
notation. When the track number portion (TNO) 61 is
"00", it represents a lead-in track number of a track
from which data reading opération starts. When the
track number portion (TNO)‘gl is “01“ to "99", it
represents a track number corresponding to a music

program number, a movement number, or the like. When
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the track number portion (TNO) 61 is “AA" in
hexadecimal notation, it represents a lead-out track
number of a track at which the data reading operation
stops. |

The indexlportion (INDEX) 62 is represented
in 2-digit BCD notation. When the index portion
(INDEX) 62 is "00", it represents pause. When the
index portion (INDEX) 62 is "01" to "99", it represents
a sub-track number of a music program, a movement, or
the 1iké.

Each of the elapsed time minute component
portion (MIN) 63, the elapsed time second component
portion (SEC) 64, and the elapsed time frame number
portion (FRAME) 65 is represented in 2-digit BCD
notation; The elapsed time minute component portion
{MIN) 63, the elapsed time second component portion
(SEC) 64, and the elapsed time frame numbexr portion
(FRAME) 65 represeht elapsed time (TIME) of each music
program or each movement with a total of six digits.
ﬁight bits of the zero portion (ZERO) 66 are ali "os".

' _ Each of the absolute time minute component
portion (AMIN) 67, the absolute time seéond component
portion (ASEC) 68, and the absolute time frame number
portion (AFRAME) 69 is denoted in z-digit BCD notation.
The absolute time minute component portion (AMIN) 67,
the absolute time second component portion (ASEC) 68,

and the absolute time frame number portion (AFRAME) 69
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represent the elapsed time (ATIME) starting from the
first music program with a total of six digits.

As shown in Fig. 9, the data bit portion 54
of TOC (Table Of Contents) of the lead-in area of the
disc is composed of a track number portion (TNO) 71, a
point portion (POINT) 72, an elapsed time minute
component portion (MIN) 73, an elapsed time second
component portion (SEC) 74, an elapsed time frame
number portion (FRAME) 75, a zero portion (ZERO) 76, an
absolute time minute component portion (PMIN) 77, an -
absolute time second component portion (PSEC) 78, and
an absolute time frame number portion (PFRAME) 79.

Each of the portions of the data bit portion 54 is
composed of data of eight bits.

Bach of the track nnmber_portion (TNO) 71,
the elapsed time minute component portion (MIN) 73, the
elapsed time second component portion (SEC) 74, and the
elapsed time frame number portion (FRAME) 75 is fixed
to "00" in hexadecimal notation. As with the above-
described zero portion (ZERO) 66, all the eight bits of
the zero portion (ZERO) 76 are “Os“;

When the point portion (POINT) 72 is "AQ0" in
hexadecimal notation, the absolute time minute
component portion (PMIN) 77 reéresents the first music
program number or the first{movement number. When the
point portion (POINT) 72 is "Al" in hexadecimal

notation, the absolute time minute component portion
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(PMIN) 77 represents the first music program number or
the first movement number. When the point portion
(POINT) 72 is "A2" in hexadecimal notation, the
absolute time minute component portion (PMIN) 77, the
absolute time second component portion (PSEC) 78, and
the absolute time frame 'number portion (PFRAME) 79
represent the absolute time (PTIME) at which the lead-
out area starts. When the point portion (POINT) 72 is
represented in 2-digit BCD notation, each of the
absolute time minute component portion (PMIN).77, the
absolute time second component portion (PSEC) 78, and
the absolute time frame number portion (PFRAME) 79
represents an address at which each music program or
each movement starts aé absolute time (PTIME).

Thus, although in Q channel, the format in
the program area of the disc is slightly different from
the format in the lead-in area.thereof, time
information of 24 bits is recorded to Q channel.

Next, Cﬁ-ROM data format (referred to as
fellow Book) applied for data recorded to the second
part PA2 will be described. In CD-ROM, 2,352 bytes of
data contained in 98 frames of one period of sub-code
are used as an access unit. The access unit is élso
referred to as block or sector. The length of each
frame is 1/75 seconds that are the same as a sub-code
frame. The CD-ROM data format has mode 0, mode 1, mode

2 (form 1), and mode 2 (form 2). As shown in Fig. 10,
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the CD-ROM data format slightly differs in each mode.

The data format of mode 0 is composed of a
data portion of 2336 bytes that are all zeros. Mode 0
is used for a dummy block that causes the structure ;f
the lead-in area and the lead-out area of the second
part PA2 to be the same as the structure of CD-ROM.

As shown in Fig. 10A, the data format in mode
1 is composed of a sync portion of 12 bytes, a header
portion of four bytes, a user data portion of 2648
bytes (i kbytes), and an auxiliary.data portion of 288.
bytes. Thg sync portion contains a éignal that
identifies a frame. The user data portion contains
objective information. The auxiliary data portion
- contains error detection/correction code. in mode 1,
the auxiliary data portion improves the error
correction performance. The data format of mode 1 is
suitable for recording data with reliability such as
character code or computer data.

As shown in Fig. 10B, the data format of mode
2 is composed of a sync _portion of 12 bytes, a header
portion of four bytes, and a user data porfion 6f 2336
bytes. The sync portion contains a signal that
identifies a frame. The user data portion contains
objective information. In mode 2, an area preceded by
the header portion can be used as émuser data area

although additional error correction code is not used.

‘The data format of mode 2 is suitable for data that can
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be error-correqted by interpolating process.

As shown in Fig. 10C, the data format of mode
2 (forma 1) is composed of a sync portion of 12 bytes,
a header portion of four bytes, a sub-header portion of
eight bytes, a user data portion of 2336 bytes, and an
auxiliary data portioﬁ of 280 bytes. Thé-sync portion
contains a signal that identifies a frame. The user
data portion contains objective information.

As shown in Fig. 10D, the data format of mode
2 (form 2) is composed of a sync portion of 12 bytes, a
header portion of four bytes, a sub-header portion of
eight bytes, a user data porti&n of 2324 bytes, and an
EDC_(Error.Deteétion'Code) portion of fbur bytes. The
sync portion contains a signal that identifies a frame.
The user data portion contains objective information.

The sub-header portion of each of mode 2
(form 1) and mode 2 (form 2) is composed §f a file
number, a channel number, a sub mode, coding
information, a file number, a channel number, a sub
ﬁode,'and coding information, each of which is composed
of one byte.

According to the embodiment of the present
invegtion, data recorded in the second part PA2 has the
CD-ROM format. In this case, as the CD-ROM format, any
mode of Figs. 10A to 10D can be used. Since audio data
is recorded, for example, the format of mode 1 (see

Fig. 102) is used. The data transfer rate of CD-ROM is
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150 kbytes/sec.

The header portion of the conventional CD-ROM
has the structure as shown in Fig. 11A fegardless of.
the mode. In other words, the header portion is ‘
composed of an absolute address portion (ADDRESS) and a
mode portion (MODE). 'The absolute address portion
{ADDRESS) represents the absolute address of a frame
with 24 bits of time information of minute (MIN),
second (SEC), and frame number (FRAME). The mode
portion (MODE) represents a mode with .eight bits. The |
address structure of the header portion is the same as
the address structure of sub-code.

The absolute address portion-(ADDRESS) is
composed of an absolute address minute component
portion (MIN),:an absolute addréss second component
portion (SEC), and an absolute'address ffame number
component. portion (FRAME), each of which is composed of
eight bits. The absolute address po;tioh (ADDRESS) is
equivalent to (just corresponds to) time information of
Q channel of sub-code of the above-described CD-DA.
Each of the absolute address minute component portion
(MIN), the absolute address second component portion
(SEC), and the absolute address frame number component
portion (FRAME) is represeqfed in Zfdigit BCD notation.

On CD-ROM, the above-described sub-code
portion (not shown) is additionally formed. An

absolute address represented with the above-described
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*MIN", “SEC", and "FRAME" is recorded to Q channel.
According to the embodiment, the addressing

system (address notation method) for the header of the
CD-ROM format of data recorded to the second part is
binary notation shown in Fig. 11B rather than BCD
notation shown in Fig. 11A. In binary notation, all of
"MIN", "SEC", and "FRAME" of the header portion are
represented in 24-bit binary notation. .When addresses
are fepresented in 24-bit binary notation, since 2% =
16777216, assuming that the data amount of one frame
(one sector) is 2 kbytes, data of up to around 33
Gbytes can be represented. Thus, data can be recorded
in high density. When data is recorded to the second
part in double density, it is preferred to use the
binary notation.

| In addition, with a predetermined number of
bits of 24 bits, address information represented in BCD
‘notation can be distinguished from an address
represented in binary notation. For example,'the most
éignificant bit of 24 bits can be used to distinguish
them. -Besides the most significant bit, they can be
distinguished using at least one predetermined bit. 1In
addition, due to the fact that the address change state
of time information is different from that of binary
number, they can be distinguished. By distinguishing
the address representations, the disc type can be

determined.
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The time information of Q channel of sub-code
of CD-ROM data may be the same as that of the CD
format. However, when the time information of sub-code
is partly modified, longer time information can be -
represented than before. In other words, the time
information of sub-code contains the zero portion
(ZERO) 66 and the zero portion (ZERO) 76 whose bits are
all zeros. With the zero portion (ZERO) 66 and the
zero portion (ZERO) 76, the time information can be
extended. For example, each of the zero portion (ZERO)-
66 and the zero portion (ZERO) 76 is divided into a
high order four bit portion and a 1qw order four bit
portion and assigned "HOUR" and "AHOUR" thereto.
Info;mation of hour (HOUR) is recorded to these
portions. Alfernatively, all eight bits or thé low
order four bits of each of the zero portion (ZERO) 66
and the zero portion (ZERO) 76 are used to represent
the digit of 100 minutes. In this case, the time
information of sub-code cén be represented
corresponding to high density mdde..

In addition, according to the embodiment, the
continuity of addresses is maintained between the first
area (first session) and the second area (second
session) that differ in the addreés_notation# Next, in
the case that the first area is represented in MSF
notation and the second area is represented in HMSF

notation, an example of addresses that have the
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continuity therebetween will be described. In reality,
in the first area, when the end address of the lead-out
area LO1l is "70 minutes, 10 seconds, 25 frames", the
start address of the lead-in area LI2 is "1 hour, 10
minutes, 10 seconds, 26 frames". When there is a non-
record portion, an address value corresponding to the
non-record portion are added to the start address of
the lead-in area LI2. When the length in the radius
diréétion of the non-record portion is converted into
an address value, it is assumed that the record density
is single density. '

An éxample of addresses that have.continuity
between the first area represented in MSF notation and
the second area represented in binary notation will be
described. As with the above-described example, when
the end address of the lead-out area LOl is "70
minutes, 10 seconds, 25 frames"”, the value of the start
address of the lead-in area LI2 becomes "315,776"
(frames or sectors) that are equivalent to "70 minutes,
10 seconds, 26 frames" in MSF notation.

When there is a non-record portion, an
address value equivalent to the non-record portion is
added to the start address. For exaﬁple, when there is
a gap.for 30 pm, it becomes 20 tracks at a track pitch
of 1.5 pym. When the linear velocity is 1.2 m/s, the
address value of the non-record portion is around 5

seconds, 18 frames (or + 393 in binary notation).
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Thus, the address value is added to the start address
of the second session.

In the recording apparatus shown in Fig. 5,
the address generating portion 22 is controlled by the
area selecting circuit 17. The address generating
portion 22 generates addresses of the first session
(the same addresses as CD). When the record position
moves from the first session to the second session
through the non-record area, the'add:ess generating
portion 22 starts generating addiesses_of the second
session from the start address. For example, the
address generatinj portionlzz generates first'addresses
and second addresses in parallel and selectively
outputs the first addresses or second addresses
corresponding to the.selection signal supplied from the
area selecting circuit 17. |

Fig. 12 is a floﬁ chart showing an address
generating process performed by the add:ess generating
portion 22. First of all, at step Sl1l, the address
generating portion 22 determines whether or not the
area selection signal represents the first session..
When the area selection signai represents the first
session, the address generating portion 22 starts
generating the first addresses (fdr example, addresses
same as CD represented in é&D nota£ion) (at step S2).
While the area selection signal represents the first

session, the address generating portion 22 continues to
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generate the first addresses. When the determined
result at step S1 represents that the area selection
signal does not represent the first'session, the flow
advances to step S3.

At step S3, the address generating portion 22
converts the end address of the first session’into
address B. fhe address B corresponds to the addressing
system of the second session. At step S4, the address
generating portion 22 designates address B as the start
address and generates the second addresses (for
example, .addresses represented in binary notation). At
step S5, the address generating portion 22 determines
- whether or not the second séssion has ended. As long
as the second session has ended, the address generating
portion 22 continues to generate the second addresses.
When the second éession has ended, the address
generating portion 22 stops generating tﬁe addresses.
When there is a non-record portion, the address
genérating portion 22 adds an address value-équivalent
fo the non-record portion to the start.address and uses
the Aew start address.

Next, with reference to Fig. 13, a disc
reproducing apparatus will be described. The disc
reproducing apparatus reproduces data from the disc 1.
The disc 1 is created corresponding to a master
recorded by the mastering device 10. On the disc 1,

linear PCM has been recorded to the first part PAl in
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CD format and compressioh—encoded audio data has been
recorded to the second part PA2 in CD-ROM format.

In Fig. 13, reference numeral 81 represent§ a
spindle motor that rotates and drives the disc 1. .
Reference numeral 82 is an optical pickup-that
reproduces a signal recorded on the disc 1. The
optical pickup 82 comprises a semiconductor laser, an
optical system, a detector, and a focus_and tracking
mechanism. The semiconductor laser radiates laser
light to the disc 1. The optical system is for examplé
an objective lens. The detector receives the reflected
light of the disc 1. The optical piqkﬁp 82 is traveled
. in the radius direction of the disc 1 by a thread
mechanism 84.

6utput éignals 6f_for example a four-divided
detector of the optical pickup 82 are supplied to an RF
amplifier 83. The RF amplifier 83 calculates the
output signals of the detector members of the four-
divided_detector and generates a ﬁepxoduction {RF)
signal, a focus error signal, and a tracking error
signal. The reproduction signal is supplied to a
selector 85. Lead-in data that is read from the lead-
in area LIl is supplied to a lead-in data extracting
portion 86. The focus error signal_and the tracking
error signal are supplied to a servo circuit 87. The
servo circuit 87 controls the rotation of the spindle

motor 81 corresponding to a reproduction clock of the
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RF signal. In addition, the servo circuit 87 controls
the focus servo and tracking servo of the optical
pickup 82.

The lead-in data extracting portion 86
decodes the lead-in data of the lead-in area LI1 and
supplies the decoded data to a CPU 88. The CPU 88 has
a function as a system controller that controls the
overall operations of the reproducing apparatus. In
association with the CPU 88, an operating portion 89
and a displaying portion 90 are disposed. The
operating portion 89 has the same operation keys as a
conventional CD reproducing épparatus. In addition,
the oéerating portion 89 has a key or the like that
desigﬂates the reproduétion of thé first pa;t/second
part. The CPU 88 controls the servo circuit 87 so as
to conttol the operation of the'reproducing‘apparatus
and the access operatioﬁ to the disc 1. In addition,
the CPU 88 generates information'displayed on the
displaying portion 90 corresponding to information of
éub-code.

The selector 85 is controlled by the CPU 58.
The selector 85 outputs the rebroduction data of the
first session (LI1, PAl, and LOl) to an output terminal
a. In addition, the selector 85 outputs the
reproduction data of the second session (LIl, PAl, and
LOl) to an output terminal b. The selector 85 selects

a terminal ¢ for a non-record portion. A first part
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demodulatihg portion 91 is connected to the output
terminal a. A second part demodulating portion 92 is
connected to the output terminal b.

The first part demodulating portién 91
performs the same signal procéss as a reproduction
signal process of CD-DA. In other words, the.first
part demodulating portion 91 EFM-demodulates the
reproduction signal, separates sub-code from the
demodulated signal, and oﬁtputs sub-code. The sub-code
is decoded by a decodexr. The decoded sub-code
(including address information) is supplied to the
servo'circuit 87 and the CPU 88. Data that has been
EFM-demodulated is supplied to an error correcting
portion 97. The efror cpfrecting portion 97 pérfofms
an error correction correspondihg to CIRC. An. output
of the error correcting portion 97 is supplied to an
D/A (Digitél/Analog) converting portion 98. An analog
output of the D/A converting portion 98 is extracted
from an output terminal 99. An error that .cannot be
éorrected by the error cdrrecting portion 97 is
intefpolated (not shown).

The second part demodulating portion 92
performs the same signal process as the first part
demodulating portion 91. Sgp-code (;nclﬁding address
information) and header information that are output
from the second part demodulating portion 92 are

supplied to the servo circuit 87 and the CPU 88. Data
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that has been EFM-demodulated is supplied to an error
correcting portion 101. A CD-ROM decoder 102 is
connected to the error correcting portion 101. The CD-
ROM decoder 102 performs a disassembling process for
the CD-ROM format and extracts data recorded as user
data. The extracted data is supplied to a
decompressing portion 103. The decompressing portion
103 decompresses the user data. An output of the
decompressing portion 103 is supplied to a D/A
convgrting portion 104. An analog signal supplied from
the D/A converting portion 104 is extracted fromlan
output terminal 105.

When encrypted data is recorded in the second
part, an encrypting circuit is disposed on the
recording apﬁaratus side and a decfypting circuit is
disposed on the repfoducing apparatus side.

| When the disc 1 is loaded, additional
information recorded in the lead-in area LI1 is read to
the CPU 88 by the lead-in data extracting éortion 86.
fhe uﬁer'inputs predetermined data with the operating
porti;n 89. The CPU 88 generates a signal for
controlling the selector 85 with reference to the read
information. Thus, data of one of_the first part and
the second part'is selectively reproduced.

When the reproducing apparatus reproduces
data of the first part PAl, the CPU 88 controls the

selector 85 so that it selects the output terminal a.
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When the reproducing apparatus reproduces data from the
second part PA2, the CPU 88 controls the selector 85 so
that it selects the output terminal b.

Fig. 14 is a flow chart for explaining an
outline of a reproducing operation according to the
embodiment. First of all, at step Sil, the disc 1 ié
loaded to the reprqducing apparatus. Thereafter, at
step S12, informafion recorded in the lead-in area LI1
is read to the.mémory of the CPU 88. In other.words,
both TOC that is the same as a conventional CD and
additional information are read to the CPﬁ 88. In
addition, while the disc 1 is loaded to the reproducing
apparatus, when the power of the reproducing apparatus
is turned on, the flow advances to step Sl2.

n At step S13, it is dptermihed whether or not
data of the first parf PAl is reproduced. For example,
when the user operates the operating portion 89, the
reproduction for data of the first part or the second
part is designatéd. When the determined result at step
513 represents that fhe_rep;oduction for data of tpe
first part has been designated, the flow advances to
step Sl4; At step S14, the reproducing operation for
data of the first part is performed. The reproducing
operation for data of the first pért is the same as
that of a conventional CD Q;produci;g apparatus. Thus,

the detail description will be omitted. Af step S16,

it is determined whether or not the reproducing
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operation has been completed. When the reproducing
operation has not been completed, the flow returns to
step S13. When the reproducing operation has been
completed, the process is completed.

When the determined result at step S3
represeﬁts that the reproducing operation for data of
the first part has not been designated, the flow
advances to step 515. At step S15, the reproducing
operation for data of the second part PA2 is performed,
At step S16, it is determined whéther or not the
reproducing operation for data of the second part has
been completed. When the reproducing operation has not
been completed, the flow returns fo step SiB. When the
reproducing operation has been completed, the process
is completed. |

The CPU 88 controls the access operation in
the reproducing mode. While the disc 1 is being
accessed, the CPU 88 converts the reproduced address
into an address corresponding to one addressing system
(for example, MSF system) and controls the reproducing
operation with the converted address. As was described
above, since addresses of the two areas are
successively recorded, the two sections can be
successively and smoothly accessed.

Since the disc 1 satisfies the CD standard,
besides the reproducing apparafus according to the

embodiment, the disc 1 can be reproduced by a
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conventional CD reproducing apparatus. However, in
this case, audio data of only the first part PAl is
reproduced. ‘

According to the embodiment, the two parts.
are applied for the data formats of CD and CD-ROM.
However, the present invention is not limited to such
an.example. In other words, as data formats of the two
parts, combinations of single density CD and double
densiiy CD, CD and DVD, DVD and DVD-ROM, and so forth
are available.

In addition, the present invention can be
applied to recordable disc-shaped record mediums such
as CD-RW, CD-R, DVD-RW, and DVD-R. CD-RW is a phase
changé type disc of which data is recorded with laser
light and data is reproduced by detecting a light .
amount difference. CD-R is a write once type record
medium using an organic coloring matter as a record
material. In addition, the present invention can be
applied to a disc-shaped record medium having a
recordable area and a.read-only area. In the case of
the recordable disc-shaped record medium, wobbled track
guide grooves are formed and addresses as wobbling
information are recorded. This system is referred to
as ATIP. Alternatively, address areas can be
discretely formed on tracks so as to record addresses.
According to the present invention, any system.can be

used. In addition, when the present invention is
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applied to a data record'medium other than a disc-
shaped record medium, the same effect can be achieved.

According to the above-described embodiment,
although audio contents were mainly explained, the
present invention can be applied to contents of video
data, still picture déta, character data, computer
graphic data, game.software,.and computer programs
other than audio.

As was described above, according to the:
present invention, when different types of addresses
are recorded to two areas, viewed from one type of
addresseé. addresses are successively assigned. Thus,
the access operation can be smoothly performed.

_ Although the presenf invention has beén shown
and described with respect to a best mode embodiment
thereof, it should be understood by fhose skilled in
the art that the foregoing.énd various other changes,
omissions, and additions in the form and detail thereof
may be made therein without.departing'from fhe spirit

and séope of the present invention.
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What is claimed is:
1. A data record medium having a plurality of
record areas in which data is.reCOrded, comprising: .

a first record area for recording addresses
in a first addressing system; and

a second reéord area for recording addresses
in a second addressing system that is different from
the_first.addressing system, |

-wherein when one of the_first.addressing_
system and the second addressing system is converted
into the other addressing-system, addresses are
assigned non-redundantly in said first record area and
said second record area. |
2. The data record medium as claimed in claim
1,

wherein when one of the first addressing
system and  the second addressing system is converted
into the other addressing system, addresses are
successively assigned between said first record area
and said seéond-ﬁecor@ area. .
3. The data record medium as claimed in claim
1 or claimlz;

wherein sdid first record area and said
second record area are adjacently formed with a hon—
record area.
4. The data record medium as claimed in claim

1,
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wherein when one of the first addressing
system and the second addressing system is converted
into the other addressing system, there is a difference
'corresponding to the non-record area between addresses
of said first record area and 'said second record area.
5. The data record medium as claimed in any one
of claim 1 to claim 4,

wherein in the first addressing system, each
digit of minute; second, and fraﬁe.is represented in
BCD notation, and |

wherein in the second addressing system, each
digit of hour, minute, secqnd, and frame is represented
in BCD notaﬁion,
6. . The data record medium as claimed in any one
of claim 1 to claim 4,

| wherein in the first addressing system, each

digit of minute, second, and frame is represented in
BCD notation, and

wherein in the second addressing sfstem,
addresses are represented in binary notation. |
7. The data record medium as claimed in any one
of claim 1 to claim 6;- |

wherein each of éaid fipét record area and
said second record area is a prdgram area surrounded by
a lead-in area and a lead-out area.

8. The data record medium as claimed in any one

of claim 1 to claim 7,
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wherein the record density of said first
record area is different from the record density of
said second record area. .
9. A data recording method for recoding data 6n
a data record medium whose record area is divided into
at least a first record area and a second record area,
comprising the éfeps of:

| recording first data to the first record area

in a first addressing system; and

recordiﬁg second data to the second record
area in a second addressing system,

wherein when one of the first addressing
system'and the seéond addressing system is converted
into the other addressing system, addresses are |
recordéd non-redundantly in the first record area and
the second record area.
io. | A data recbfding apparatus for recoding data
on a data record medium whose record area is divided
into at least a first record area and a second record
arqa.'comprising; y

| recording means for recording first data to

the first record area in a first addressing system and
for recording second data to the second record area in
a second addressing system{;and |

controlling means for caﬁsing addresses to be
recorded non-redundantly in the first record area and

the second record area when one of the first addressing
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system and the second addressing system is converted
into the other addressing system.
11. The data recording apparatus as claimed in
claim 10,

wherein the data record medium has a non-
record portion surrounded by the first record area and
the second record area.
12. - The data recording apparatus as claimed - in
cléim 11,

wherein said controlling means is éonfiguréd'_
for causing a difference corresponding to the non-
record area to take place between addresses of said
first record area and said second record area when one
of the first addrgssing'system'and the second
addressing system is converted into'the other
addressing system.
13. The data recording apparatus as claimed in any
one of claim 10 to claim 12,

wherein in the first addressing system, each
digit of minute, second, and frame is répresenfed in
BCD '-notation, and

wherein in the second addressing system, each
digit of hour, minute, second, and frame is represented
in BCD notation.
14. The data recording apparatus as claimed in any
one of claim 10 to claim 12,

wherein in the first addressing system, each
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digit of minute, second,.and frame is represented in
BCD notation, and

wherein in the second addressing system, ‘
addresses are represented in binary notation. '
15. An accessing method for aqcessing a data
record medium divided into at least a first record area
and a second record area, addresses being recorded to
the first record area in a first addressing s&stem,
addresses being recorded to the second record area in a
second addressing system that is different from the |
first addressing system, when one 6f the first
addfessing system and the second addressing system is
converted into the other addressing system, addresses
being assigned non-redundantly in the first record area
and the éecond record area, comprising the sfeps of:

reproducing an address of the data record
medium;

- converting the reproduced address info one of
the first addressing éystem and the second addressing
system; and - o

' accessing a desired position corresponding to
the converted address.
16. An accessing apparatus for accessing a data
record medium divided into at.least.a first record area
and a second record aréa, addresses being recorded to
the first record area in a first addressing system,

addresses being recorded to the second record area in a
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.second addressing system that is different from the
first addressing system, when one of the first
addressing system and the second addressing system is
converted into the other addressing'system, addresses
being assigned non-redundantly in the first record area
and the second record.area, comprisiné:
reproducing means for reproducing an address

of the data record medium; and

| controlling means for convertiﬁg the
reproduced Address into one of the first addressing
system and the second addressing system and accessing a

desired position corresponding to the converted address.
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