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(57) ABSTRACT 

A disc recording medium has recorded thereon a first pro 
gram in a first recording area and corresponding first man 
agement data for managing readout of the first program and 
providing information, Such as track number and play time, 
to the user. The disc recording medium also has a second 
program recorded in a second recording area and corre 
sponding second management data for managing readout of 
the second program. The second management data includes 
only an absolute time code and track start time codes, but no 
track numbers or play times, and the track numbers are 
derived using the second management data. 

5 Claims, 18 Drawing Sheets 

DISK 
fs, 16bit ReProduction 

APPARATUS 
11 

PROCESSING 
Sction 

ADOONAL 
NFORMATION 

NTERFACE 
OTP 
SECTION 

SU-AA 

GENERATING 
SECTION 

CONTRSGNA 

  

  

  

    

  

  

  

  





U.S. Patent Nov. 17, 2009 Sheet 2 of 18 US RE40,977 E 

SYNCHRONOUS PATTERN So 
SYNCHRONOUS PATTERNS 

FIG.2 

O 1 2 3 4. s us . . . 97 
72 BITS 

96 BITS 

FIG.3 

  

  

  

  



US RE40,977 E Sheet 3 of 18 Nov. 17, 2009 U.S. Patent 

l18 A LIBIV d. S[\1\/]LS TENNW/HO 
V LVCI BEST) 5)\/TE, ALICJITV/A 

  

  

  



US RE40,977 E U.S. Patent 

  

  

  





US RE40,977 E Sheet 6 of 18 Nov. 17, 2009 U.S. Patent 

  



US RE40,977 E Sheet 7 of 18 Nov. 17, 2009 U.S. Patent 

d d d d d d d d d d d d d d d d d d d d d d d d 

O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. 

O O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. O. C. Go O O 

O O SONAS ETEWWE?ld 
g - no to one 

  



US RE40,977 E Sheet 8 of 18 Nov. 17, 2009 U.S. Patent 

d d d d d d d d d d d d d d d d d d d d d d d d 

O O O. O. O. O. O. O. O. O. O. O. O. O. O. o O O C C C C C O 

QNÅS ETTE INVE!!!!d 

  





US RE40,977 E U.S. Patent 

  

  



US RE40,977 E Sheet 11 of 18 Nov. 17, 2009 U.S. Patent 

an?ea 

  



US RE40,977 E Sheet 12 of 18 2009 9 17 NOV. U.S. Patent 

  

  



US RE40,977 E U.S. Patent 

  



US RE40,977 E Sheet 14 of 18 Nov. 17, 2009 U.S. Patent 

=200S01 WN8 
-100S0|. W9| zwaan -100S04. WºWYGGNI| 

BICIOSO BIN||1 LEVILS XOV/81 

-100S01 W0 
  

  

  

  

  





US RE40,977 E Sheet 16 of 18 Nov. 17, 2009 U.S. Patent 

HEIÐHVÍT BESOH\771 
ZS GS 

  

  

  



U.S. Patent Nov. 17, 2009 Sheet 17 of 18 US RE40,977 E 

g 
OOSOW - OOSOEW 

OSO W8 - 400s W ECSOW ECSOWAd). 
JOOSOCWs 

(- - - 

400SO W9 
- OOSOW 

- OOSO WC 
OOSOWO - OOSOW 

  

  

  

    

  



U.S. Patent Nov. 17, 2009 Sheet 18 of 18 US RE40,977 E 

PROCESSING 

Sf Of 
CD 

LAYER/HD 
LAYER 

REPLAY 
C SiO2 CONTROL D 

REGION 
REPLAY PROGRAM 

REGION SO6 

STORE IN 
EXTRACT 
SUB-DATA 

SiO5 

CONTROL DATA 
MEMORY OF 

CONTROL. REGION 

REPLAY S1 O7 
PROGRAM 
REGION 

S1 O8 

GENERATE SUB-DATA 
ON THE BASIS OF TABLE 

IN MEMORY AND 
CURRENT REPRODUCTION 

ADDRESS 

SO9 
SWITCH 

FIRST SW AND 
SECOND SW 
TO HD SIDE 

SiO4 
SWITCH FRST SW AND 
SECOND SW TO CD SOE 

FG.2O 

  

  

  

  

      

  

    

  

  

    

  

  

  

    

    

  

  

  

      

  

    

  

  

    

  



US RE40,977 E 
1. 

OPTICAL STORAGEMEDIUM HAVING 
MULTIPLE RECORDING LAYERS OF 

DIFFERENT FORMATS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSSREFERENCE TO RELATED 
APPLICATIONS 

The present application is a reissue of U.S. Pat. No. 6,510, 
128, issued Jan. 21, 2003, which is a divisional of U.S. appli 
cation Ser: No. 09/397,808, filed Sep. 17, 1999, now U.S. 
Pat. No. 6,275,452, which claims priority from Japanese 
Application No. 10-265278, filed Sep. 18, 1998, the disclo 
sures of which are incorporated herein by reference. 

This is a division of prior application Ser. No. 09/397,808 
filed Sep. 17, 1999 now U.S. Pat. No. 6,275,452. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a reproduction method and also 
to a reproduction apparatus adapted to transmit a first digital 
signal for main data of a piece of music and additional data 
accompanying the main data and including the number of 
the piece of music and the elapsed time on the track and a 
second digital signal for main data of the piece of music and 
accompanying absolute time data on a common digital inter 
face. 

2. Related Background Art 
The digital audio interface output of known compact disk 

(CD) players is adapted to produce, in addition to main data 
that are digital audio data, channel status data including a 
category code for identifying the CD category of the CD 
disk to be played and user data comprising Q codes, each 
including a track number and the elapsed time of a piece of 
music on the track. 
On the other hand, many known digital recording appara 

tus using a digital audio tape (DAT) or a mini-disk (MD) as 
recording medium are designed to automatically record start 
IDS and track numbers on the recording medium for a great 
convenience of the user on the basis of the CD category 
identified by decoding the channel status data and the Sub 
data including the track numbers and the elapsed time of 
each piece of music recorded on the CD to be replayed as 
detected by decoding the Q code of the user data when 
receiving data from the CD player by way of the digital 
audio interface. 

Meanwhile, in recent years, standards for optical disks 
that are different from known CDs and adapted to record 
high speed 1-bit digital audio signals for music have been 
proposed. Audio data addressed by the proposed standards 
are 1-bit audio signals obtained by Subjecting corresponding 
analog audio signals to a delta-sigma (AX) modulation pro 
cess. A 1-bit audio signal is sampled with a very high Sam 
pling frequency that is 64 times as high as the sampling 
frequency of 44.1 KHZ of ordinary CDs. The signal is 
expressed in terms of a very high sampling frequency and a 
data word length with a very Small number of quantization 
bits and hence characterized by a wide transmission fre 
quency band. Additionally, due to the AX modulation, it can 
secure a wide dynamic range in the audio band that is a low 
frequency band relative to the over-sampling frequency that 
is 64 times as high as the sampling frequency of ordinary 
CDS. 
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2 
An optical disk deals with high speed 1-bit audio signals 

conforming to the proposed standards for new digital audio 
signals and shows audio characteristics by far more excellent 
than those of known CDs. However, a recording system 
totally different from that of known CDs has to be used for it 
and hence is not compatible with known CDs in terms of 
information on the track numbers and the elapsed time of 
each piece of music as contained in the Sub-data as well as 
other data. 

Therefore, when producing a digital audio interface out 
put in a disk replaying apparatus adapted to digital audio 
signals conforming to the proposed new standards, the cat 
egory code of the channel status data, the user data and other 
data generally have to be newly defined and managed. 

However, the use of such newly defined data is totally 
detrimental to the above identified convenience of recording 
start Ids and track numbers on the recording medium when 
the data are recorded by way of the digital interface to a 
known digital recording apparatus. 

Particularly, with a reproduction apparatus adapted to 
both digital audio disks conforming to the new standards and 
existing CDs, there arises a confusing situation where the 
above convenience is available when replaying with a CD 
whereas it is not available when replaying a new disk to a 
great inconvenience on the part of the user of the apparatus. 

SUMMARY OF THE INVENTION 

In view of the above identified circumstances, it is there 
fore an object of the present invention to provide a reproduc 
tion method and a reproduction apparatus adapted to use 
channel status data and user data in the format equivalent to 
that of CDs for the digital audio interface output when 
replaying a disk for digital audio signals recorded with a 
system different from that of CDs so that the convenience of 
automatically recording starts Ids and track numbers on the 
digital recording medium such as DAT or mini-disk can be 
ensured as in the case of a CD. 

Another object of the present invention is to provide a 
reproduction apparatus and a reproduction method adapted 
to use channel status data and user data in the format equiva 
lent to that of CDs for the digital audio interface output 
particularly in the case of a reproduction apparatus adapted 
to both digital audio disks conforming to the new standards 
and existing CDs. 

According to an aspect of the invention, the above objects 
are achieved by providing a reproduction apparatus adapted 
to selectively replaying a first recording medium having a 
program area storing a plurality of programs formatted 
according to a first format and Sub-data including at least the 
passed-by addresses of each program and the program num 
bers; and 

a second recording medium having a program area storing 
a plurality of programs formatted according to a second for 
mat different from said first format and Sub-data accompany 
ing said programs and including absolute addresses and a 
control area for controlling recording addresses expressed in 
terms of absolute addresses and corresponding the programs 
stored in said program area; 
said reproduction apparatus comprising: 

a reproduction means for replaying the control area and 
the program area of said second recording medium; 

a memory means for Storing recording addresses 
expressed in terms of absolute addresses and corresponding 
to the programs recorded in the control area of said second 
recording medium and replayed by said reproduction means; 

a Sub-data generation means for generating the program 
number and the passed-by addresses of the program cur 
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rently being reproduced on the basis of the absolute 
addresses reproduced from the program area of said second 
recording medium by the recording addresses as expressed 
in terms of absolute addresses and corresponding to the pro 
grams stored in said memory means and also by said repro 
duction means; and 

an interface output means for receiving as input the 
passed-by addresses and the program number of each of the 
programs reproduced from the program area of said first 
recording medium when replaying said first recording 
medium and receiving the passed-by addresses and the pro 
gram number of the program currently being reproduced as 
generated by said sub-data generation means, transforming 
them and outputting them to a predetermined digital inter 
face when replaying said second recording medium. 

According to another aspect of the invention, there is pro 
vided a reproduction apparatus adapted to selectively replay 
ing a first layer having a program area storing a plurality of 
programs formatted according to a first format and Sub-data 
including at least the passed-by addresses of each program 
and the program numbers and a second layer having a pro 
gram area storing a plurality of programs formatted accord 
ing to a second format different from said first format and 
Sub-data accompanying said programs and including abso 
lute addresses and a control area for controlling recording 
addresses expressed in terms of absolute addresses and cor 
responding the programs stored in said program area; 
said reproduction apparatus comprising: 

a reproduction means for selectively replaying the pro 
gram area of said first layer and the control area and the 
program area of said second layer, 

a memory means for storing recording addresses 
expressed in terms of absolute addresses and corresponding 
to the programs recorded in the control area of said second 
layer and replayed by said reproduction means; 

a Sub-data generation means for generating the program 
number and the passed by addresses of the program cur 
rently being reproduced on the basis of the absolute 
addresses reproduced from the program area of said second 
layer by the recording addresses as expressed in terms of 
absolute addresses and corresponding to the programs stored 
in said memory means and also by said reproduction means; 
and 

an interface output means for receiving as input the 
passed-by addresses and the program number of each of the 
programs reproduced from the program area of said first 
layer when replaying said first layer and receiving the 
passed-by addresses and the program number of the program 
currently being reproduced as generated by said Sub-data 
generation means, transforming them and outputting them to 
a predetermined digital interface when replaying said second 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of a disk replaying 
apparatus embodied according to the invention. 

FIG. 2 is a schematic illustration of the data structure of a 
Sub-coding frame format applicable to known CDs. 

FIG. 3 is a schematic illustration of the frame data struc 
ture of a Q data applicable to known CDs. 

FIG. 4 is a schematic illustration of the frame data struc 
ture of a Q data in a program area applicable to known CDs. 

FIG. 5 is a schematic illustration of the data structure of a 
sub-frame conforming to the Digital Audio Interface Stan 
dards. 

FIG. 6 is a schematic illustration of the data structure of a 
frame conforming to the Digital Audio Interface Standards. 
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4 
FIG. 7 is a schematic illustration of the data structure of 

channel status data. 
FIG. 8 is a schematic illustration of the data structure of 

user data when the category of channel status data indicates 
the CD category. 

FIG. 9 is a schematic illustration of the data structure 
when a sub-frame conforming to the Digital Audio Interface 
Standards is used as user data. 

FIG. 10 is a schematic illustration of the data structure 
when a sub-frame conforming to the Digital Audio Interface 
Standards is used as channel status data. 

FIG. 11A is a schematic illustration of the data structure 
of an HD disk applicable to the present invention. 

FIG. 11B is a detailed illustration of the data structure of 
area TOC shown in FIG. 11A. 

FIG. 11C is a detailed illustration of the data structure of 
the track area shown in FIG. 11A. 

FIG. 11D is a detailed illustration of the data structure of 
each track of the track area shown in FIG. 11A. 

FIG. 12 is an illustration of the data table that may be 
recorded in the track list in an area TOC data. 

FIG. 13 is an illustration of the data table that may be 
recorded in the index list in an area TOC data. 

FIG. 14 is an illustration of the data table of an audio 
header in the audio sector of each track. 

FIG. 15 is an illustration of the data table of frame info in 
the audio header of each track. 

FIG. 16 is a specific example of table of the track list and 
the index list in an area TOC data. 

FIG.17 is a schematic illustration of the data structure of a 
Sub-Q-data. 

FIG. 18 is a flow chart of the operation of generating track 
numbers, index numbers and elapsed time that can be used 
for the purpose of the invention. 

FIG. 19 is a schematic illustration of the data structure 
indicating track numbers, index numbers and start times that 
can be actually generated on the basis of the table of FIG. 16. 

FIG. 20 is a flow chart of the processing procedure 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the present invention will be described by referring 
to the accompanying drawings that illustrate preferred 
embodiments of reproduction apparatus and reproduction 
method according to the invention. 
The embodiment of reproduction apparatus according to 

the invention as described hereinafter is adapted to replay 
music from a compact disk (CD) and also from a novel 
optical disk storing high speed 1-bit digital audio signals and 
also output audio signals conforming to the Digital Audio 
Interface Standards. An optical disk of the new type storing 
high speed 1-bit digital audio signals will be referred to as an 
HD (high definition) disk hereinafter. 

Each high-speed 1-bit audio signal recorded on an HD 
disk is obtained by means of delta-sigma (AX) modulation of 
an analog audio signal and has a data format of a data word 
length of 1-bit and a sampling frequency of 2.8224 MHZ 
(44.1 KHZx64). 

FIG. 1 is a schematic block diagram of disk replaying 
apparatus 1 embodied according to the invention. 

Referring to FIG. 1, optical disk 2 is a multilayer disk 
comprising a first layer storing multi-bit digital audio signals 
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in the conventional CD format and a second layer storing 
1-bit digital audio signals in the new format referred to as the 
HD format. 

In a different mode of carrying out the invention, a repro 
duction apparatus may be so arranged as to selectively carry 
and drive a conventional CD or another device storing 1-bit 
digital audio signals in the HD format. 
The signal read out from the optical disk 2 by means of 

optical pickup 3 is input to physical signal detector/ 
processor 5 by way of RF amplifier 4. 

In the case where the optical disk 2 is an HD disk or an 
HD layer, the physical signal detector/processor 5 carries out 
an operation of physically processing the signal including 
EFM plus demodulation, product coding and descrambling 
and transmits a 1-bit delta-sigma modulated digital audio 
signal having a sampling frequency offs multiplied by 64 
(64x44 KHZ=2.8224 MHZ) to audio signal processor 6 and 
additional information detector/processor 8. 
On the other hand, in the case where the optical disk 2 is a 

CD, the physical signal detector/processor 5 carries out an 
operation of physically processing the signal including EFM 
demodulating and CIRC (cross interleaved Reed-Solomon 
coding) and transmits a digital audio signal sampled with a 
sampling frequency offs (44.1 KHZ) and having a quantiza 
tion bit number of 16 bits to audio signal processor 11 and 
additional information detector/processor 12. 
The audio signal processor 6 demodulates the 1-bit digital 

audio signal that is reproduced from the optical disk 2 and 
sampled with the sampling frequency offs multiplied by 64 
(64x44.1 KHZ=2.8224 MHz) and the rate converter 13 
down-converts the 1-bit digital audio signal sampled with 
the sampling frequency fs multiplied by 64 (64x44.1 KHZ= 
2.8224 MHz) to a multi-bit digital audio signal having a 
sampling frequency of f2 (44.1 KHZ) and a quantization bit 
number of 16 bits that are equivalent with those of a CD and 
transmits it to one of the terminals of first switch 14. 

On the other hand, the additional information detector/ 
processor 11 demodulates the digital audio signal having a 
quantization bit number of 16 bits that is reproduced from 
the optical disk 2 and sampled with the sampling frequency 
offs (44.1 KHZ) and transmits to the other terminal of the 
first switch 14. 

Then, the multi-bit digital audio signal selected by the first 
switch 14 is fed to interface output section 7. 
The digital audio interface output section 7 outputs the 

multi-bit digital signal typically as digital audio interface 
output conforming to the IEC958 format. 
The additional information detector/processor 8 separates 

all the information other than the audio signal from the data 
String containing said 1-bit digital audio signal. More 
specifically, it detects time information TCP, which will be 
described hereinafter, from the header information con 
tained in said data String and transmits it to Sub-data 
converter/generator 9. Additionally, it extracts information 
on the start time of each track and that of each index Such as 
track start time codes and index start time codes from the 
control information arranged at the head and the trail of said 
data String and stores the extracted information in memory 
10. 

The Sub-data converter/generator 9 converts and generates 
Sub-data Such as channel status data and user data that con 
form to the Digital Interface Standards on CDs by means of 
said time information TCP fed from the additional informa 
tion detector/processor and said track start time information 
and index start time information stored in said memory 10. 
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6 
The sub-data generates by the sub-data converter/ 

generator 9 such as channel status data and user data to one 
of the terminals of second switch 15. 

On the other hand, the additional information detector/ 
processor 12 separates all the information other than the 
audio signal from the data string containing said multi-bit 
digital audio signal. Additionally, it extracts information 
conforming to the Digital Interface Standards on CDs such 
as channel status data and user data and transmits it to the 
other terminal of Switch 15. 

Then, the Sub-data Such as channel status data and user 
data selected by said switch 15 are transmitted to said digital 
audio interface output section 7 and synthetically combined 
with the multi-bit digital audio signal from the audio signal 
processor 6 or the audio signal processor 11. Then, it outputs 
the obtained data conforming to the Digital Audio Interface 
Standards to digital output terminal 1. 
The first switch 14 and the second switch 15 are con 

trolled for their Switching operations by a control signal out 
put from the control section 16 on the basis of the outcome 
of the operation of determining if a CD or an HD or if a CD 
layer or an HD layer, whichever appropriate, is to be 
handled. 

Now, Sub-data, or channel status data and user data con 
forming to the CD Standards, that can be converted and 
generated by the sub-data converter/generator 10 by means 
of the additional information extracted from the 1-bit digital 
audio signals from the optical disk 2 will be discussed here 
inafter. 

According to the CD Standards, there are sub-data (P, Q, 
R, S, T, U, V, W) formed on a frame by frame basis that can 
be read out when the disk is driven for ordinary replay on a 
track by track basis. FIG. 2 is a schematic illustration of the 
data structure of a sub-coding frame format of a compact 
disk audio system (conforming to the IEC (International 
Electro-technical Commission) 908 Standard). Sub-data P 
through W are contained in each frame by 98 bits including 
sync bits So and S for a sync pattern. Prepresents informa 
tion on the interval between two pieces on a track and R 
through W represent information on still pictures and char 
acters. Q represents most of the information converted and 
generated by the additional information detector/processor 9 
including track numbers and the elapsed time on each of the 
tracks as well as the absolute time (minute, second, frame). 

FIG.3 shows a format applicable to a Q code. The 96 bits 
other than the sync bits of So and S include 4 CONTROL 
bits indicating the presence or absence of emphasis and if 
copying the piece is permitted or prohibited, 4 address 
(ADR) bits indicating the data mode, 72 Q data bits and 16 
cyclic redundancy check (CRC) bits for the generation of 
parity check codes. The number of address (ADR) bits will 
be reduced to 1 when the data in the program area are being 
reproduced. 

FIG. 4 is a schematic illustration of the frame data struc 
ture of a Q data including only an address (ADR) bit. It 
includes track no TNO, index number X, the elapsed time on 
the track (minute (MIN), second (SEC), frame (FRAME)), 
the absolute time (minute (AMIN), second (ASEC), frame 
(AFRAME) from the head of the disk and CRC. Note that 
the elapsed time on the track is that of a track with a specific 
track number. 

FIG. 5 is a schematic illustration of the data format of a 
sub-frame conforming to the Digital Audio Interface Stan 
dards (IEC 958 Standards). FIG. 6 is a schematic illustration 
of the data structure of a frame containing Sub-frames as 
shown in FIG. 5. 
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The synchronization preamble (Sync Preamble), user data 
(Ubit), channel status data (C-bit) and other data exist in 
each frame in addition to audio data for the left and right 
channels. 

FIG. 7 is a schematic illustration of the data format of 
channel status data. The data contains a category code for 
identifying the type of apparatus, the sampling frequency fs 
and CONTROL bits for indicating the presence or absence 
of emphasis. 

FIG. 8 is a schematic illustration of the data format of a 
user data when the category code of FIG. 7 is “10000000, 
indicating that the signal Source is a CD reproduction appa 
ratus. Here, codes Q through W are listed to exclude P code 
and, particularly, the 96 bits Q code will be extracted there 
from. 

FIG. 9 and FIG. 10 show examples of data including user 
data (U) and channel status data (C) that can be actually 
output along with audio data. 

Thus, as described above, a digital output of a CD player 
contains channel status data indicating the CD category and 
user data indicating the track number and the elapsed time of 
the track. 

On the other hand, according to the above described 
newly established standards for optical disks (typically 
referred to as Super Audio CD Standards), a start address 
that corresponds to the absolute time of the start of a track in 
the audio area is written in Track List 2 in the area TOC 
data. Only the time code contained in the initial header of 
each audio sector that corresponds to the absolute time of the 
start can be read out during an ordinary operation of repro 
ducing data from a track. 

FIG. 11A is a schematic illustration of the data structure 
of the audio area on an optical disk conforming to the 
Standards, where each of the two area TOCs arranged on the 
opposite sides of the track area has a configuration as shown 
in FIG. 11D. Track Start Time Code of each track is 
described in Track List 2 in the area TOC as shown in the 
syntax of FIG. 12. Index start time code Index Start TC of 
each index number as shown in the syntax of FIG. 13 is 
described in Index List of FIG. 11B. 
On the other hand, Audio Sector as shown in FIG. 11D is 

provided on each track as shown in FIG. 11C in the track 
area of FIG. 11A and Frame Info as shown in the syntax of 
FIG. 14 is described in Audio Header in the Audio Sector. 
More specifically, Time Code of each frame is described 
there as shown in FIG. 15. 

As described above, according to the HD standards, only 
the time code (absolute time) of each frame can be read out 
from a track area that is a program area during an ordinary 
operation of reproducing data from a track unlike the CD 
format. In other words, information Such as track numbers 
and the elapsed time of each track is not recorded. Therefore, 
it is not possible to display track numbers and the elapsed 
time of each track. 

In order to overcome this inconvenience, the disk replay 
ing apparatus 1 firstly reads out area TOC (Table of 
Contents) data and stores it in memory 8 as shown in FIG. 1 
when a disk is placed in position. Thus, the memory 8 stores 
a table of TRACKLIST 2 and INDEX LIST as shown in 
FIG. 16. 

For driving the optical disk 2 for data reproduction and 
adding user data (Ubit) to its digital output, Q data as shown 
in FIG. 17 has to be produced by additional information 
detector/processor 9 through a data conversion/generation 
process. 
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8 
Now, a conversion processing operation of a Sub-data will 

be described by referring to FIG. 18. Finally, the time code 
(absolute time) of the audio header has to be read out as TCP 
for each frame while th e optical disk 2 is driven for data 
reproduction. Then, in Step S1, the absolute time TCA 
(minute M, second S, frame F) of the TCP is written as 
shown in FIG. 17. 

Then, in Step S2, Track Start Time Code (TC2) of 
Track No. 2 (TNO 2) is compared with the above TCP. If 
TCP is smaller than TC2, the operation proceeds to Step S3. 
where the current track number is specified as TNO 1. In 
Step S4, TC1 of Track Number 1 (TNO. 1) is subtracted 
from the TCP to produce elapsed time TCN (minute, second, 
frame). 

After Step S4, the operation proceeds to the processing 
sequence of 1 surrounded by broken lines in FIG. 18, where 
the index number (IDX) in the track number TNO 1 is deter 
mined. 

In Step S5, Index Start TC of INDEX 2 of the track 
number TNO.1 in Index List is compared with the above 
TCP. If the above TCP is Smaller than Index Start TC of 
INDEX 2, the operation proceeds to Step S6, where the 
index number is determined to be equal to “1”. If, on the 
other hand, it is found in Step S5 that the above TCP is 
greater than Index Start TC of INDEX 2, the operation 
proceeds to Step S7, where Index Start TC of INDEX3 of 
the track number TNO.1 is compared with the above TCP. If 
the above TCP is Smaller than Index Start TC of INDEX 
3, the operation proceeds to Step S8, where the index num 
ber is determined to be equal to “2. If, on the other hand, it 
is found in Step S7 that the above TCP is greater than 
Index Start TC of INDEX 3, the operation proceeds to 
Step S9, where Index Start TC of INDEX of the track 
number TNO. 1 is compared with the above TCP. If the 
above TCP is smaller than Index Start TC of INDEXM, 
the operation proceeds to Step S10, where the index number 
is determined to be equal to "M-1. If, on the other hand, it 
is found in Step S9 that th above TCP is greater than Index 
Start TC of INDEXM, the operation proceeds to Step S11, 
where Index Start TC of INDEXM of the track number 
TNO.1 is compared with the above TCP. If the above TCP is 
smaller than Index Start TC of INDEXM+1, the operation 
proceeds to Step S12, where the index number is determined 
to be equal to “M”. 

Then, the operation returns to Step S2 and if it is found in 
Step S2 that the above TCP is greater than the above TC2, 
the operation proceeds to Step S2, where Track Start 
Time Code (TC3) of Track Number (TNO. 3) is compared 
with the above TCP. If the above TCP is smaller than TC3, 
the operation proceeds to Step S22, where the current track 
number TNO. is determined to be equal to “2. Then, in Step 
S23, TC2 of the track number TNO. 2 is subtracted from 
TCP to obtain the elapsed time TCN (minute, second, 
frame). 

After the above Step S23, the operation proceeds to the 
processing sequence of 2 surrounded by broken lines, 
where the index number (IDX) in the track number INO. 2 is 
determined. Since this sequence is similar to that of 1 
above, it will not be described here any further. 

Then, in Step S31, if the above TCP is smaller than TCN 
of the tack number N (TNO. N), the operation proceeds to 
Step S32, where the current track number TNO. is deter 
mined to be equal to N-1. In Step S33, TC(N-1) of the track 
number TNO. (N-1) is subtracted from TCP to obtain the 
elapsed time TCN (minute, second, frame). 

After the above Step S33, the operation proceeds to the 
processing sequence of N-1 Surrounded by broken lines, 
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where the index number (IDX) in the track number TNO. 
N-1 is determined. Since this sequence is similar to that of 
*1 above, it will not be described here any further. 

If it is found in Step S31 that the above TCP is greater than 
the N-th TCN of the track number TNO, the operation pro 
ceeds to Step S41, where Track Start Time Code (TCN-- 
1) of the track number N+1 (TNO. N+1) is compared with 
the above TCP. If it is found that TCP is Smaller than TCN-- 
1, the operation proceeds to Step S42, where the current 
track number TNO is determined to be equal to “N’. Then, 
in Step S43, TCN of the track number N (TCN. N) is sub 
tracted from TCP to obtain the elapsed time TCN (minute, 
second, frame). 

After the above Step S43, the operation proceeds to the 
processing sequence of N Surrounded by broken lines, 
where the index number (IDX) in the track number TNO. N. 
is determined. Since this sequence is similar to that of 1 
above, it will not be described here any further. 

Then, in the disk replaying apparatus 1, the Sub-data 
converter/generator 9 turns TCP into absolute time TCA as 
shown in FIG. 18, using TCP read out by the additional 
information detector/processor 8 and the table stored in the 
memory 10 as shown in FIG. 16. Thereafter, the disk replay 
ing apparatus 1 compares the track start time code of each 
track with TCP, starting from the track number TNO. 2. 
TNO of FIG. 17 that is greater than the N-th TC of the track 
number TNO and smaller than the N+1-th TC will be equal 
to N. The value obtained by subtracting the N-th TC of TNO 
from TCP represents the elapsed time of the track TCN 
(minute, second, frame) of FIG. 17. Then, each index start 
time code of TNO. N in the index list is compared with TCP 
to determine the current index number (IDX). Thus, Q data 
as shown in FIG. 17 can be prepared with the above 
described flow of operation of conversion/generation. Then, 
fixed value data such as CONTROL and address ADA 
shown in FIG. 4 are added thereto to produce complete Q 
data. 

If the current absolute time is 7 minutes, 40 second, 33 
frame in the list of area TOC shown in FIG. 16, then the 
track number TNO will be “2” and the elapsed time TCN 
will be 2 minute, 10 second, frame 33, whereas IDX will be 
“2. 

Now, the operation of the above embodiment will be 
described further by referring to the flow chart of FIG. 18 
and also to FIG. 19. 

Firstly, TCP “7 minute, 40 second, 33 frame” as read out 
by the additional information detector/processor 9 is written 
into TCA of FIG. 17. Then, Track Start Time Code 
(TC2) “5 minute, 30 second, 00 frame” of the track with the 
track number 2 (TNO.2) is compared with the above TCP. 
Since TCP is greater than TC2, the operation proceeds to 
Step S21, where Track Start Time Code (TC3) “11 
minute, 40 second, 00 frame' of the track with the track 
number 3 (TNO. 3) is compared with the above TCP. Since 
TCP is smaller than TC3, the operation proceeds to Step 
S22, where the track number TNO is made equal to “2. 
Then, in Step S23, TC2 is subtracted from TCP to obtain 2 
minutes, 10 seconds, 33 frames as TCN, or the elapsed time 
of the track number 2. 

Also, “6 minute, 10 second, 00 frame' of INDEX 2 is 
compared with the above TCP and, since TCP is greater of 
the two, TC “8 minute, 10 second, 00 frame' of INDEX 3 is 
compared with the above TCP. Since TCP is smaller of the 
two, the index number will be made equal to “2. 

Thus, to convert the additional information read out from 
the optical disk 2 by means of the optical pickup 3 of the disk 
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10 
replaying apparatus 1 into data corresponding to Q code of 
the sub-data of a CD, the data of the area TOC is read out by 
the additional information detector/processor 8 firstly when 
the disk is placed in position and stored in the memory 2. For 
an ordinary track replaying operation, the time code in the 
header is read out by additional information detector/ 
processor 8 and converted into channel status data and user 
data Q code equivalent to that of CDs by the user data 
converter/generator 9, referring to the information on the 
track list in the area TOC data stored in the memory 10. 

Thus, the conventional digital recorder that receives the 
digital interface output by way of the output terminal 11 
identifies the CD category by decoding the channel status 
data and detects the sub-data of the CD including the track 
number and the elapsed time by decoding the Q code of the 
user data. Thus, it automatically records the start Id and the 
track number corresponding to the detected data on the 
recording medium to a great advantage for the operation of 
the digital recorder. 

For example, the value obtained by subtracting the start 
address of the N-th address in the track list from the time 
code address being reproduced will correspond to the 
elapsed time on the track. 
Note that channel status data is more often than not 

uniquely defined by the category and the parameters of the 
equipment to be used. For example, channel status data can 
be generated for a new optical disk by fixing the category 
code to CD, the sampling frequency to 44.1 KHZ and the 
emphasis to off. 

This operation of the present invention will be briefly dis 
cussed by referring to FIG. 10. 

Firstly, in Step 101, it is determined if the CD layer or the 
HD layer of the mounted optical disk that is to be replayed. 
If is determined in Step 101 that the CD layer is specified by 
the user for replaying, the operation proceeds to Step 102. 
where the TOC area of the CD layer is replayed firstly to 
access the program area and retrieve the necessary data 
therefrom on the basis of the obtained TOC information. 
Then, in Step 103, the sub-data annexed to the main data of 
the digital audio signal reproduced from the program area in 
Step 102. If, on the other hand, it is determined in Step 101 
that the HD layer is specified by the user for replaying, the 
operation proceeds to Step 105, where the TOC area of the 
CD layer is replayed firstly and then in Step 106, the area 
TOC information is stored in the memory. In Step 107, the 
program area is accessed and the necessary data is retrieved 
therefrom on the basis of the obtained control information 
on the area TOC. Then, in Step 108, the program number and 
the passed-by addresses of the program being replayed are 
generated on the basis of the recording addresses expressed 
in terms of absolute addresses of each program stored in the 
memory and the absolute addresses reproduced from said 
program area. 

Thereafter, in Step 109, the first switch and the second 
switch of FIG. 1 are turned to the HD side under the control 
of the control Section. While the flow chart of FIG. 20 is 
described above in terms of a multi-layer disk, the flow chart 
applies to the use of a CD and an HD disk by modifying Step 
101 to determine if the CD or the HD disk is to be replayed. 
With the above described method, the additional informa 

tion of a novel optical disk can be converted into channel 
status data and user data equivalent to those of a CD, which 
can then be used as digital audio interface output. 

While a multi-bit digital signal of 16 bits with a sampling 
frequency of fs (HZ) conforming to the existing CD stan 
dards and output from the digital interface output section is 
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produced and stored in Some other recording medium in the 
above embodiment, it may alternatively be so arranged that a 
piece of music is divided on the basis of the sub-data includ 
ing channel status data and user data output from the Sub 
data converter/generator 9 when the 1-bit digital audio signal 
sampled with a sampling frequency offs multiplied by 64 
(64x44.1 KHZ=2.8224 MHz) and output from the audio sig 
nal output section 6 in FIG. 1 is recorded on some other 
recording medium. 

Thus, according to the present invention, when replaying 
a disk storing digital audio signals recorded according to an 
HD system that is different from the CD system, the addi 
tional information including the track number and the 
elapsed time of each piece of music are detected and con 
Verted into data equivalent to channel status data and user 
data conforming to the CD standards for the digital audio 
interface, which data are then output to the digital interface 
output. With this arrangement, the advantage of automati 
cally recording the start Ids and the track numbers on the 
recording medium can also be maid available when record 
ing a digital recorder Such as DAT or mini-disk. 
What is claimed is: 
1. A disc recording medium having two layers, wherein a 

first layer comprises: 
a first program area for recording at least one program 

having a program number and a running time corre 
sponding to each program recorded therein, wherein 
each program is encoded according to a first format; 
and 

a first management area for recording management data 
for managing an absolute time corresponding to each 
program recorded in said first program area; 
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wherein a second layer comprises: 

a second program area for recording at least one pro 
gram having only absolute time without a program 
number and a running time, wherein each program is 
encoded according to a second format; and 

a second management area for recording management 
data for managing an absolute start time and for use 
in calculating a program number corresponding to 
each program in said second program area. 

2. The disc recording medium according to claim 1, 
wherein said program recorded in said first program area of 
said first layer comprises PCM digital audio information. 

3. The data recording medium according to claim 1, 
wherein said program recorded in said second program area 
of said second layer comprises 1-bit digital audio informa 
tion. 

4. A disc recording medium comprising: 
a program area for recording therein at least one program 

and an absolute time without a program number and 
for recording therein without a running time corre 
sponding to each program; and 

a management area for recording therein data for manag 
ing an absolute start time for each program and for 
calculating a program number corresponding to each 
program recorded in the program area. 

5. The disc recording medium according to claim 4. 
wherein the program is modulated by AX modulation. 


