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TI TLE OF THE | NVENTI ON REPRODUCTI ON METHOD AND REPRODUCTI 8&%&\%& ‘(1 :

BACKGROUND OF THE I NVENTION Field of the Invention Th| S venti

relates to a reproduction nethod and algso to a reproductlon é\Lpp{ ;q

adapted to transmt a first digital signal for nmain data of a piece o

music and additional data acconpanying the main data and incl UdIB Qg
cond

nunber of lec of .my and the elapsed tinme on the track an
di gi tal mnﬂvﬁ\&'ﬁ t he pi ece of nusic and acconpanyi ng
absol ut e t| me data on a common digital interface. Related Background Art

The di gi MPR@DUO’FIGNﬂ\AE&TKDDQ&NEfREBR@DU&ﬁ@ﬂ APBARADI\ayers i s
adapted to produce, in addition to main data that are digital audi o data,
channel status data including a category code for. identifying the CD
category of the CD disk to be played and user data conprising Q codes,

each inc | apsed tine of a piece of nmusic on
the trac gb%ﬁd@ﬁ@mm%f%y known digital recordi ng apparatus
using a digital audio _tape (DAT) or a mni-disk (MD) as recording nedium

are desi gneld efthgdnyeatioral |y record start I1Ds and track numbers on the

recordi ng nedium for a great convenience of the user on the basis of the
CD cat egory i déhisiihventidry relategdiong reprodietionemetiiodl wad also to a reproduction

_ apparatus adapted to transmit a first digital signal for main data of a piece of music
and additional d_ata 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

, interface.
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 recérding apparatus 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 récording medium for a great convenience

of the user on the basis of the CD category identified by decoding the channel status
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data and the sub-data including the track nunbers and the el apsed tine of
each piece of nusic recorded on the CD to be replayed as detected by '
decodi ng the Q code of the wuser data when receiving data fromthe CD

pl ayer by way ofthe digital audio interface. Meanwhil e, 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 nusic have

been propaatalanditith sutsidat mdiidiag ehe fuck hanberpand thes¢lapsiat timeasfeathipiece
audi o signals obtained by subjecting correspondi ng anal og audi o signal's to

a delta-si ; ' PNt @u&ié | [ d
wth a very |Sdﬁ}§‘%‘{r¥g%9%d‘ﬁhée%3§%§§%ﬁz‘?d iassbd%tﬁ&telh S zfg) dﬁé%ﬂ?éag c’?ﬁ‘gmg
sanmpling frequency, of 44, ,1KHz of ordi . The signal., is expressed in
Cerhm of ASCLASARYMN wEeinAgaE hordhe b ThHay S bR CEhelaiEite) nditnietincee
smal | nunber of quantization bits-and hence characterized by a wde
transni ssi on f Mgaewbilebimrecentiyeanspstahdgrds foropucaldisksthal anpdifferentfrom t
can secure a wide dynanmic range in the audio band that is a | ow frequency

band r el atinétvn CDstdirl ﬁ@temhbﬂm@g«@gwmiwgm gudid signaBsfor lighavé
the sanpling frequency o ordinary': . An optical disk deals wth

hi gh spee - hl hO R],Gna C ) t .t dar
new di gi t%eégaglbgggg%nallﬁ{ég%ngétsahgﬁr%é%ﬁﬂq gyctﬁgrlggp 8‘%’&5)? %@?qf)@st g&a? t%gra&aﬁo
excel l ent than those known CDs. Howeveyl,, a recordi.ng.systemtotally
11 er ont SIS PRENNGY DX IRICRUERE KAk SPROIing J0AIGERUYIP SERAIA dn e G-Figma
conpatible w th known CDs in terns of information on the track nunbers and
t he el apséAd)imedulationgpriocpssech lobitrusdiasigaatisrsenipled with & Neryshighosamnaplisg
well as other data. :
frequency that is 64 times as high as the sampling frequency of 44.1KHz 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 frequency 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.

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.



3 - Therefore, when producing a digital audio interface output in a
di sk replaying apparatus adapted to digital audiio signals conformng to

t he proposed new standards, the category code of the channel status data,
the user data and other data generally Bave to be newly defined and
managed. However, the use of such newy defined data is totally
detrinental to the above identified convenience of recording start Ids and

track nurrbers e recording, nediunwhen fhe daja are recor
the digital &Bme}eeest%h%n RFR?‘M‘P"@E@ igita q%é@l”él‘i Cq P In gISﬂ replaylng
Particul arl y, with a reproduction appar atus adapted to both digital audio

_ disks coapparatuspdaptedito digital aadidesigisalacdnfodnsinigrtg tiibpropdsedmen stamelands,

confusing situation where the above convenience'is available when

repl ayi nothe dbepbsy a
gr eat inconveni enceeg?ie tb E‘éh%g?t%%ela%{ﬁfglsﬁiug ﬂ%ﬁ*?ﬁ%ﬁg‘?g’t‘ﬁgﬁéﬂaﬁm&

OF THE | of the,above identified circunstances,
I s theref &\gg@g&egvcly d&inn[eﬂ EE%‘Fd| nvention to provide a reproductlon
net hod and a rﬁg roduction apparat us adagt ed to use channel status data and

user data in tHOWerathedifgiafsuchnevdy defineddateis totadly deteimanjal tal thaabove

interface output when replaying a disk for digital audio signals recorded
with a syileamfitid eneenichcomftieadrding Giart Jdstamt trabk monbersi endhe gecording

automatically recording start Ids and track nunbers on the digital
r ecor di ngnfEhMMwhen 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 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 vigw of the above identified circumstances, it is therefore an object of the
pre_sént invention to provide a reproduction method and a reproduction apparatus
adapted to use channel status data and user data in the formét equivalent to that of CDs
for the digital audio interface output when replaying a disk for digital audio signals
recorded vs./ith a system different from that of CDs .so that the convenience of

. automatically recording start Ids and track numbers on the digital recording medium



4  such as DAT or mni-disk can be ensured as in the case of a CD.

Anot her object of the present invention is to provide a reproduction
apparatus and a reproduction nethod adapted to use channel status data and
user data in the format equivalent to gghat of CDs for the digital audio

I nterface output particularly in the case of a reproduction apparatus
adapted to both digital audio disks conform ng to the new standards and
exi sting . According to an aspect, the i i on, the above
obj ects é\%ﬁ%@%\;‘éﬁ' W"ﬁﬁsk o brgensures A8 dm é ?8??%%%@% adapted to
selectively replaying-a first recording medium having a program area
storing a pl udmathgr objeet ofjtkerprasentimventionds to provjde a reprdductionfappamatuand
sub-data including at |east the passed-by addresses of each program and

the pr Oghﬁmd‘%ﬁiﬁﬁﬁcu@ﬂ%ethod ad té&‘i@rﬂﬁer&faﬁhél mtﬁgeeaﬂaradtﬁusagdﬁaqh%eam
ar ea storlng a urallty of pI‘O rans formatt ed accordi ng to a second

L?Lrgrftan-ﬂ%ﬁﬁéte#}%fﬂ'éﬁﬁfé W6 fyfof Chsff TR B gB4fs %ﬁ%l?s?& SRERA B 88l

controlling recordi ng addresses expressed jn ter ol ut e addresses
and cor F%s%wd@ﬁg IepRORicipnaanrpase@s adaptedsta @ﬁbr”%g haaa’@aglskgapa forming
reproduction apparatus conpri sing: a reproduction neans for

repl ayi ngo thenewstandardsemdoexdsting GDsngr am area of sai d second recording
medi um a nenory means for storing recordi ng addresses -expressed in

terms of abSO'A@&rdﬁ@t@%ﬁeés;ﬁﬁﬂ of hé SRR Ghe bR wjestrsaéfe 4G &E By N
the control area of said

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 numbers; and

a second recording medium having a program area storing a plurality of
programs formatted according to a secon& format different from said first format and
sub-data accompanying said programs and including absolute addresses and a control
area for éontrolling recording addresses expr:essed in terms of absolute addresses and
corresponding the programs stored in said program area;
said reproduction apparatus éomprising:

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

amemory means for storing r_ecordiné addresses expressed in terms éf absolute

addresses and corresponding to the programs recorded in the control area of said



5 second recordi ng nedi um and repl ayed by said reproduction neans,

a sub-data generation neans -for generating the program nunber and the
passed- by addresses of the programcurrently being reproduced on the basi s
of the absolute addresses reproduced frgmthe programarea of said second
recordi-ng nediumby the recordi ng addresses as expressed in terns of

absol ute addresses and corresponding to the prograns stored in said nenory.

nmeans an . : terface output
Teans 1of¢ @efiﬁ{é&%ﬁéﬂfgs%eﬁﬁ%%ﬁé‘“«bﬁa&sgﬁﬂﬂ%dﬁﬁ odution B! €L S0P 0
nunber of each of prograps reprodyced fromthe p ram ar eg of [
first recordidgS gﬁﬁgﬁ‘ L}Q8H MEANS g IO 2 EENGTANBE &’@ B’f‘&rﬁ@ HBH&I% %‘Pfgtﬂe
recei ving the passed by addresses and the program nunber of the program

current | pabsedaby adelvesses odftheprograen auertnbly being reptodiwed qether basisofithans,
transformng themand outputting themto a predeterm ned digital interface

when rephaybiige SRIKReSRS %b?»ﬁedlﬁ‘eﬂr Sony tRBGpré/Fram area of\GaRl deb8nd TedbRING

aspect of the Invention re i's provi ded reproducti on apparatus

toring ediRnT By oo BRRENAAREsFon L Phrs R i g Qe BURORRG %?‘d? Shsendn

sub-data including at |east the passed-by addresses of each gm an
the progicamesbanding imdhe pogsama stagest imaspi FEMQFY graans 84 315or Mgs%l
plurality of programs formatted according to a second format different
f rom sai deprodactibnrmeansgrahdsub- data acconpanyi ng sai d progr ans and
I ncl udi ng absol ute addresses and a control area for
an interface output means for receiving as input the passed-by addresses and the
program number of each of the pfograms reproduced from the program area of said
first recording medium when replaying said first recording medium 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
outputt'ing them to a predetermined digital interface when replaying said second
recording medium.
According to another aspect of the invention, there is provided a reproduction
apparatus adapted to selectively replaying 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 program area storing a plurality of programs formatted

according to a second format different from said first format and sub-data

accompanying said programs and including absolute addresses and a control area for



controliing recording addresses expressed in terns of absol ute addresses
and corresponding the prograns stored in said programarea; :said

reproducti on apparatus conpri si ng: a reproduction neans for
selectively replaying the programarea of said first |ayer and the control
area and the program area of said second | ayer; a nenory means for

storing recordi ng addresses expr.essed in terns of absolute addresses and

corres poé&{tﬁﬂlihg b ralY AlfressRE 06 fdsdall ifetezandt ofl alyotateofaddpésdes sarbnd
| ayer and replayed by said reproduction neans; a sub-data

generat i ) NS f 0 erati P ' .and the passed- by
addresse‘g&%g?Raq{'gubg gﬁﬁ%&?%ﬁ?*‘:@%&e{aﬁb ?dg)rrg{(’)fg%gégd on the basis of the
absol ut e addresses reproduced from, the programarea of said second |ayer
by the saidaeprodyctionrappasatusLomprisiBsed in terns of absol ute addresses and
corresponding to the prograns stored in said nmenory nmeans and al so by said
reproducti on aerepsiduetion means fonselectively acplaying the pregrant erear ef sdidifmgt as
i nput the passed-by addresses and the .program nunber of each of the

br 001 aTS 3P LAAURE LohfrBatdiPalll A6 AfIGRHOA oF hid sddonillabayer when

replaying”said first [ayer and recelving the passed-by addresses and the

program nunber of the program.current!| y. bej r

a1 q sub- dat A RRRRRLEIBAS oo ing e iAo Be R s S e AT PR R AbREMY , -

predeterm ned digital interface when replaying 3a&d stﬁcor)d | ayer. )
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 currently 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
- aninterface output means for receiving as input the bassed-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



BRI EF DESCRI PTI ON OF THE DRAW NGS

7 FIG 1 is a schematic block diagram of a disk replaying apparatus
enbodi ed according to the invention. FIG 2 is a schemtic
illustration of the data structure of a ;ub-codi ng frame format applicable
to known CDs. FIG 3 is a schematic illustration of the frame data
structure of a Qdata applicable to known CDs. FIG 4 is a o
schematic ill r at4d : r 3 ' :
orogram arca 301 fcisel dheshific RO g AnIf s Rphly g iR Auisrtbodied

Il lustration of the data structure of a sub-frame conformng to the
Digital ARSI iehemyestiondar ds. FIG 6 is a schematic
illustration ofthe data structure of a frame coriformng to the Digital

Audi o | nt er f addGSt2aisdmsdbematic illustratian of the datectinrtureof hisubreedingrframet he

data structure of channel status data. FIG 8 is a schematic
i |1 ust r afp@Ratodpplicibl@te kabWrCse of user data when the category of
channel status ‘data indicates the CD category. FIG 9is. a

To the D gi ta 16hat dohoeprEiC S RRiE ' M EERE B SEHR. 6P M0

10 is a sch tic illustration of the data structure when a sub-frane
conf or m ﬁﬁpﬁggbfﬁeto[]ﬂ&?%l &di o Interface Standards is used as channel
st at us dat a. FIG 11A is a schematic illustration of the data
structure of &G4 i slschematic illustration of the frame data structure of a Q datain a

program area ap_plicaBIe to known CDs.

FIG. 5 -is a schematic illustration of the data structure of a sub-frame
conforming to the Digital Audi'o Interface Standards. |

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

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 étructure ‘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.



applicable to the present invention.

' FIG 11B is a detaited illustration of the data structure of area
TCC shown in FIG 11A FIG 11Cis a detailed illustration of the
data structure of the track area shown iixn FIG |1 A FIG 11D is a
detailed illustration of the data structure of each track of the track
area shown in FIG 11 A FIG 12 is an illustration of the

dat at abl e t haFi@ay1Bssedahied 111ﬁst}ehﬁ>ri 6ﬁ€Hé ddta structurdrofadrea TOC shvven in
FIG 13 |s an illustration of the data table that may be recorded in the

i ndex i ? an area TOC dat a. FIG 14 is an illustration of the
data tablTe o ‘g‘h audi o header in the audio sector of each track.

FI G 15|san|llustrat| ata taple of frane info in the aydio
header of eaEkGs I hEKs a(i)etal?ed IIEJS@aUPB qugg d@b%mqtb‘r‘*ngFhﬂ wagk areqs \m
the track list and the index list in an area TOC data. FIG 17 is
a schenmain FIGl lbAtrati on of the data structure of a sub-Q data.

FIG 18 is a flow chart of the operation of generating track numbers, index.

purber s 20d, SEaEE DA HBLHRoHT R OMIOTSCR R RV REL .

area shown in FIG. 11A.

‘FIG. 12 is an illustration of the data_table that may be recorded in the ﬁack 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



nunbers, index nunbers and start times that can be actually generated on

t he basis of 9 the
table of° FIG 16. FIG 20 is aflow chart of the processing
procedure according to the invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Now, the present invention wll be described by
referring to the accorrpanyl ng drawi ngs ghat illustrate preferred

enbodi ments of reproduction apparatus and reproduction nethod according to
the invention. The enbodi nent of :reproduction apparatus according to

the i nvepld @Bl RS Clg. bed hereinafter is adapted to replay nusic froma
conpact g}%s % %)f andfa so froma novel optlcal di sk storing high speed

the Di g (al - ABRo20 8 arfaw shatniins aeocee pdbly S dctfgmeidih iy oy’

storing high speed 1- b|t d| gital 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 neans of delta-sigma ([err])

modul at | DESCRAPTION OF THH PREFERREDEMBOBINENTSor mat of a data word
| ength of 1-bit and a sanpling frequency of 2,8224MHz (44.1KHz x 64).

oo £o" AT AL e g AP
a mitil %ﬁ@incgss lfhz(fto Tﬁﬁé@étgg prefferrea em%ﬁlments of reproduction apparatus and
reproduction method according to the invention.

Thé embodiment of reproduction apparatus according to the invention as
described hereinafter is adapted to replay mﬁsic from a compact disk (CD) and'élso
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. |

-Eachhigh 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 ofa
.data word length of 1-bit and'_a—sampling frequency of 2,8224MHz (44.1KHz x 6_4)-.

FIG.lisa échematic block diagram of disk replaying apparatus 1 embodied
acbording to the invention.

Referring to FIG. 1, optical disk 2 is a multilayer disk comprising a first layer
storing multi-_bﬁ digital audio signals inthe c':onven_t_ic'mal' CD format and a second layer

storing 1-bit digital audio signals in the new format referred to as the HD format.



storing multi-bit digital audio signals in the conventional CD format and a
second | ayer storing 1l-bit digital audio.signals in the new fornat
referred to as the HD format. '

10 In a different node-of carrying out the invention, a reproduction
apparatus may be so arranged as to selectively carry and drive a
conventional CD or an hinge device storing 1-bit digital audio signals in
the HD fornat. The signal read ou} fromthe optical disk 2 by neans
of optical pickup 3 is input to physical. signal detector/processor 5 by

way of RF anplhhidéfferbnt mode of datryiiig ottt inkention hereppddwetiortaptardtusingn HD
disk or an HD | ayer, the physical  signal detector/processor carries out

an oper a{b}bgﬁ1a?1foarng§§§sqgl§g?’eﬁ§@§ﬁd&gig?g ngiiag&ﬁivgnki%ﬁwéb‘gr 5 r%)e%’c?evice

denodul a I'ng and transmts a

del ta-si gma, nodyl.ated di gital, audi,o si | . having a sanpling frequency of

fs nmul tgfﬂrf%?'gvt étgltag@%sdlqal.gm mé?l?ﬁ@zf@mﬁ- to audi o signal processor 6

and additional information detector/processor 8. On the ot her hand,

in the case wihesighal repdioutfroti tie aptical disk2 by meaphpfoptital pickupB is input

detector/processor 5 carries out an operation of physically processing the

si gnal  itpphysicabsipnil d@t&%ﬂ/?ﬂokzeﬁko@fs%}ckﬁ@ dERTsamplifier 4eaved Read- Sol onon
a

coding) and "transmts a digital audio signal sanpled with a sanpling _

[ eaueney o hukdfosd e RV A 2R BB GPD BUBRCR ARl |

i ,2 gnal t ﬁggngﬁléetaelégcgfyprsoic%ggcl)r Caries gl?trantsogeei'antqgrl{ lo?i)}elflsitcgﬁy %)-rgci:etss?r{ . te%ggr?a dio
including EFM plus demodulation, pro.duct coding anci descrambling and transmi.ts a
1-bit delta-si éma modulated digital audio signal having a sampling frequency of fs
multiplied by 64 (64 x 44.1KHz = 2.3224MHZ) to audio signal processor 6 and
additional information detector/prbcessor 8.

On the other hénd, in the case where the optical disk 2 is.a CD, the physical
signal detector/processor 5 carries out an operation of physically procés'sing the signal
including EFM demodulating and CIRC (cross interleaved Read-Solomon coding) and
transmits a digital audio signal sampled with a sampling frequency of fs (44.1'KHz)
and having a quantizétion bit number of 16 bits to audio signal pro’cessof 11 and
additional information détector/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 of fs

multiplied by 64 (64 x 44.1KHz = 2;82241\/[[-12) and the rate converter 13 down-

convet’tfs' the 1-bit digital audio signal sampled with the sampling frequency fs



reproduced fromthe optical disk 2 and sanpled with the sanpling frequency
of fs multiplied by 64 (64 x 44.1KHz = 2.8224MHz) and the rate converter
13 down-" converts the 1-bit digital audio signal sanpled with the sanpling
frequency fs multirplied by 64 (64 x 44. 1KHz =-2.8224MHz) to a
multi-bit digital audio signal having a sanpling frequency of f2 (44.1KHz)
and a quantization bit nunber of 16 bits that are equivalent with those of
a CD and transmits it to one of the termthals of first swtch 14.

On the other hand, the additional information detector/processor 11

denodul at i gi \ hgnal ' Laet L o0y bi el: 16
bi ts. ¢ hat R PR BB GELeR ¥ AR R S AR I WL A bR Bl Betiethl *©
sanpl i ng frequenc fof 44,1 ) ransmits to the other terrmgnal, of
Che 11 1 othaXiHg BRaInpIing fequeneiat Db LKHLEY 15 & QRGO ROy A1 bis
selected by the first switch 14 is fed to interface output section 7.

The di gi tthat aredéquivaleat fwdtlethose pfin CPcridowafsmits piipsonehet thel terminals af dirstl
signal typically as digital audio interface output conformng to the

| ECO58 f ofyiéh 14. The additional information detector/processor 8
separates all the information other than the audio signal fromthe data

SL11n9,cont 3 e he! il B b SIBLaIdP SePRTRIOLERY,
Sub- dat a SGROURIEERS WerBERabRIGO SieRhl RIS AyAVaRliZalen BETTARE Pk btils At
the star tis reproduced frqm the optical disk 2 and sqmpled with the sampling frequency of fs
(44.1KHz) and trénsmits to the other terminal of the first switch 14.

Then, the multi-bit digital audio signal selected'by the first switch 14 is f_e'd to
interface output section 7. |

The digital audio interface output section 7 outputs the multi-bit .digital signal
typically as digital audio iriterfgce 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 contained 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



time of each track and that of each index such as track start tinme codes
and index start tinme codes fromthe control information arranged at the
head and the trail of said data string and stores the extracted
information in menory 10. . The sub-data converter/generator 9
converts and generates sub-data such as

12 channel status data and user data that conformto the Digital Interface
St andards on CDs by neans of said tine }formation TCP fed fromthe
additional information detector/processor and said track start tine.

I nf or mat i ' t | ' | NS4 ' )

The sub- dgﬁiﬁ Sg%ﬂg?gfg%éb@% ngé sut?ggt?dggtrgﬁggp? &g%éﬂra g'tllgl?k%csuc ﬁg%&lg on
channel tus data apd user data to.on ternd nal,s..of secend switch
To " CORPY radisinaf Saldh B RSmbBrBRCRGR feif Bh B A diufinel SRRBmAL o
12 separates all the information other than the-audio signal fromthe data
string codetectoripgocedsor andtsaidi track gstawt| timeliinfermption anddiindemnastaxt, time
extracts information conformng to the Digital Interface Standards on CDs

such as cindofnition storeddatsaidn@msgriglata and transmits it to the other
term nal of switch 15. Then, the sub-data such as channel status
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digital audio intertace and “syn y “conmbi nea
the multi-bjt digitgl audi i gnal .f,rom t he audi o si gnal cessor 6 or
the audi i A ahaausdt data fo g ertne Erakaiied SrendBhitchbls G a
conformng to the Digital Audio Interface Standards to digital output
terminal 1.  Onthe 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 .transinit_ted 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. Tﬁen, it outputs the obtained data
conforming.to the Digitél Audio Interface Standards to digital output terminal 1

The first switch 14 and the second switch 15 are controlled for their switching
operations by a control signal output from the control section 16 on the basi.s of the
outcome of the operation of determining if a CD or an HD or if a CD layer or ﬁn HD
layer, whichever appropriate, is to be handled.

Now, sub-data, or channel status data and user data conforming to the CD



The first switch 14 and the second switch 15 are controlled for their
switching operations by a control signal output fromthe control section
16 on the basis of the outcone of the operation of determning if a CD or
an HD or if a CD layer or an HD |ayer, whichever appropriate, is to be
handl ed. Now, sub-data, or channel status data and user data
conformng to the CD 1 13

3
St andards, that can be converted and generated by the sub-data
converter/generator 10 by neans ofthe additional information extracted

fromthe_ 1-hit digital audio sigpal fromihe tical, disk 2 w]l Dbe
di scussefapdardsytHatgan be conver}géﬁgp gﬁlaerlase({ HX ﬂg% ot pnv epﬁgjlggng;aéor
sub-data (P. Q R S, T, U V, W fornmed on a frane by frane basis, that

can be rHaby mdansiodthe additional infoumatiemextsacted fupinn theyl -bitsligitalandiosignals by
track basis. FIG 2 is a schematic illustration of the data structure of a

sub- codi f}?enﬁp Stk of will Be dpstisset Bkretnatiér. system (confornming to the
| EC (I ntgrgrrﬁat | onal El ectro-technical Conm ssion) 908 Standard). Sub-data P

and Sorr] 1 P ROrCpRAS S, CPF SR, Mas b L (O RBT T Y, T
Sti 11 pi SO ORrfBMA BEEHDe HaSTbib San e A tonben dhe fh Fattighn Tor
converted and generated by the additional information detector/processor 9
i ncl udi ngrdinakreplapona taak by track bpsisd FIG:2 isa schematit illvgiratiomekthedatael |
as the absolute tinme (mnute, second, frane). FIG 3 shows a fornat
appl i cabk@uédrd oRaRMbecoding Pambifbemat 684 colifpact disksatitio system (conforming
to the IEC (Intematiénal Electro-technipéi Commission) 908 Standard). Sub-data P
through W are contained in each frame By 98 bits including sync bits S, and S, for a
sync pattern. P represents information on the interval between two pieces on a track
and R through W rebresent information on still pictures and characters. Q represents
most of the information converted and generated by the add'itiogal 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 S, 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 thie generation of parity check codes. The number of address (ADR) bits will be

reduced to 1 when the data in the program aréa are being reproduced.

FIG. 4 is a schematic illustration of the frame data structure of a Q data



bits of S[err] and S[err] include 4 CONTROL bits indicating the presence or
absence of enphasis and if copying the piece is permtted or prohibited, 4
address-(ADR) bits indicating the data node, 72 Q data bits and 16 cyclic
redundancy check (CRC) bits - for the generation of parity check codes. The
nunber of address (ADR) bits will be reduced to 1 when the data in the
program area are bei ng reproduced. FIG 4 is a schematic.
illustration of the franme data structurel’bf a Qdata

14 including only an address (ADR) bit. It includes track no TNO i ndex
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schematic illustration of the data format _of a sub-frane conformn to the
o oCTal sahsobite tiros (avereAMENeseooRd (BSE, Srane GAFRAME) fommuig head of

schenatlc illustration of the data structure of a frame containing

sub- f r anetheatisle aadrCRC. FNGte Shat the elapsBdetimygrahtiontraskiio thatr sfoarblaek (WAtha
Preanbl e), user data (U bit), channel status data (C bit) and other data

exi st inﬁﬁeméﬁ%%&hﬁ}@&dltlon to audio data for the |left and right

channel s. I's a schenatlc illustration of the data format of

TR o S A e U AR M
' ndicating timgeDlpérlt%f%lcdﬁo %rrlte?tbasc%nsctgnggrdes?ﬁic 958 Standards). FIG. 6 is a schematic
illustration of the data structure of a frame containing sub-frames as shown in FIG. 5.

The synchronization preamble (Sync Preamble), user data (U bit), channel
status data (C bit) and other data exist in each frame in addition to audio data for the
left and rigﬁt channels.

FIG_. 7 is a schematic illustratioﬁ 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 sigﬁal source is a CD
reproduction apparatus. Here, codes Q through W are listed to exclud.e'P code and,
particularly, the 96 bits Q code will be extracted therefrom.

FIG. 9 and FIG. 10 show examples of data including user data (U) and channel

status data (C) that can be actually output dlong with audio data.

Thus, as described above, a d'ig.ital output of a CD player contains channel



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 i-s. a CD reproduction apparatus. Here, codes Q through Ware |isted
to exclude P code and, particularly, the 96 bits Q code will be extracted

t herefrom FIG 9 and FIG 10 show exanpl es of data including user
data (U) and channel status data (C) that can be actually output along

wi th audi o data. Thus, as descrlbed above, a di gital output of a CD
pl ayer contai ns channel 15

st at us | 264 €.k t r : ih P 4} ' ' Kk
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according tq the above,described newWy established standards for optical
di sks (t@’ﬁi@%ﬂ’ﬁﬁ?@ﬁe‘?ﬁ&’ﬂ"f@kas Super Audio-CD Standards), a start address
that corresponds to the absolute tinme of the start of a track in theg audio
area is witOenthe otherilans axcordingetaithe aboveddescriligd yevrly estaplishath
contained in the initial header of each audio sector that corresponds to
t he absoktdh@ardsTor 6f)ti§:£l&ii§k§l(t$f¥aib%ﬂy referfetiag a3 Supdn Autdjo @D Stahidurdy), a start
operation of reproducing data Troma track. FIG 11A is a schematic
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conformng to e St ar ere eac e two area TOCs arrange

t he opposite sides, of the track area copf i guration as shown i;n B G
e " RwEtERR, Treekabig: 2 S arradOt St OB Tl st e,
area TOC as shown in the syntax of FIG 12. Index start tine fQ%de

| ndex St ainitiel hitadeaoff each audio sector that corresponds to the absolute time of the start can

be read out -during an ordinary operation of reproducing 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:
11B. Track Start Time Code of éach 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 Indeﬁc_.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
iﬁ 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



I ndex nunber as shown in the syntax of FIG 13 is described in IndexList of
FIG 11B. On the other hand, Audio Sector as shown in FIG 11D is
provided on each track as shown in FIG 11 Cin the track area of FIG 11
A and Franelnfo as shown in the syntax of FIG. 14 is described in Audio
Header in the Audio Sector. Mdre specifically, TinmeCode of each frane is
descri bed there as shown in FIG 15. As descri bed above, according

to the ' HD standards, only the tine codel6(absol ute tinme) of each frame can

be read out froma track area that is a program area _
16 dur 'diﬁir?%*aﬂb%m oge@dtﬁsd Wre?rod@@hg%@d fontlaieackniiiie theaSh fopiiake
the CD format. | n ot’he , I nformat

wor ds on such as track nunbers and the

I d i h . t ded. Theref | oty i t i pl
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order tq overcone this inconyenience, the disk feplaying apparatus 1 .
frrstly isnehmeasdedadbgreafors, itrisiot pessiblmiodisplaydrack mipmbetsangktheelapsed

menory 8 as shown in FIG 1 when a disk is placed in position. Thus, the
menory 8imewmfench tradd.e of TRACK LI ST 2and I NDEX LI ST as shown in FIG 16.
For driving the optical disk 2 for data reproduction and addi ng user data .

(U510 £ ol periitn RS SR ke iy
conver sl AAgRF LAl IOETIARR o Capteaty bk 4 STOME PP MeRLGSE B4 Wown in
FIG. 1 when a disk is placed in position. Thus, the meméry 8 stores a table of TRACK
LIST 2and INDEX LIST as shown in FIG. 16. |
For driving the optical disk 2 for data repi;oduction and adding user data (U bit)
to its digital output, Q data as shown in FIG. 17 has to Be produced by additional
i'nforfnation detector/processor 9 through a data conversion/generation process.
| Now, a conversion processing operation of a sub-data will be described by
referring to FIG. 18. Firstly, 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
reprodilction. 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).



referring to FIG 18. Firstly, the tine code (absolute tine) of the audio
header has to be read out as TCP for -each frame while the optical disk 2
is driven for data reproduction. Then, in Step S1, the absolute tinme TCA
(mnute M second S, frame "F) of the TCP is witten as showmn in FIG 17.
Then, in Step S2, TrackStartTi neCode (TC2) of Track No. 2 (TNO 2) is
conpared with the above TCP. If TCP is smaller than TC2, the operation
proceeds to Step S3, where the currentlfrack nunber is specifi‘ed as TNO
1. In Step S4, TC1 of Track Nunmber 1 (TNO 1) is subtracted fromthe TCP

to produce, el ti T |t e, f ; *

19 Produce, s ARRESb 4. e dErRbS proBEal to e Bqcessing sequence of X1
of *1 surrounded by broken lin in Fl 1 where the i nunber, ( |,DX)
"1 the tSsEaundedae broken. Tines 40 Gkl miiere the A phlifoes EEKO MBS GrAM TE
of INDEX 2 of the track nunmber TNO. 1 in IndexList is conpared with the

above TGiumbér TNOabdy defefRined.smal |l er than IndexStart TC of |INDEX 2, the
operation proceeds to Step S6, where the index nunber is determned to be .

equal to "1". h . of INDEX oxrsf ihie f#heR mmbéhdINOhg @bove
TCP i s great eIrd ?ﬁ?ﬂrﬁffﬁg@@aﬂiaﬂ@%f% NDEX 2, the operation proceeds to
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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 INDEX 3 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, wheere the index number is
détermined 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 INDEXM of the track number TNO. 1is 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 detefmined to be equal
to “M-17. If, on the other hand, it is found in Step S9 that the above TCP is greater
th;m 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. Ifthe 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”.



determ ned to be equal to "2". If, on the other hand, it is found in Step
Sy that the above TCP is greater than IndexStartTC of | NDEX 3, the
operati‘on proceeds to Step S9, where IndexStartTC of | NDEXM of the track
ninmber TNO. 1 is conpared W th the above TCP. If the above TCP is smaller
than I ndexStart TC of I NDEXM the operation proceeds to Step S10, where the-
i hdex nunber is determined to be equal ,to "M1". If, on the other hand, it
is found in Step S9 that the above ToP 4% greater than IndexStartTC of

| NDEXM the operation proceeds to Step S11, where Index Start TC of | NDEXM

of the track ngpbe! qHberhiioh EAHRRMBIHD'S? hia i#heKefoulidin Steg B2 dapyse TCP

Is smaller than art , the operation proceeds to Step

S12, where the jndex nunber is determ to be . equal to,"M :
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S2 that the above TCP is greater than the above.TC2, the operation,

pr oceedsTrackSSeart SPimenGode (TC3)kast BrackiNwmbge 3((I230. 3) iycasrpanpdiyeith she
(TNO. 3) is conpared with the above TCP. If the above TCP is smaller than

TC3, thealopad TORNIPHARCESSHe TCPiePmalie? than €08, the oporation ptoceells noBtep
TNO. is'determned to be equal to "2". Then, in Step S23, TC2 of the track
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Since this sequence is simlar to that of * 1 above, it will not be
' 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
TNO. 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 determined to be equal to N-1. In Step S33, TC(N—i) of the track number TNO. (N-
1)is sﬁgtracted_ from TCP to obtain the elapsea time TCN (minute, second, frame).
After the above Step S33, the operation proceeds to the processing sequence of
*N-1 surrounded by broken lines, where the index number (IDX) in the track number
TNO.N-1 is determined. Since this s-equen-cé is similar to that of *1 above, it will not
be described here any further.

Ifitis found in Step S31 that the above TCP is greater than the N-th TCN of the

track number TNO, the operation proceeds to Step S41, where



descri bed here any further. Then, in Step S3 1, if the above TCP is
smal l er than TCN of the tack .nunber N (TNO. N), the operation proceeds to
Step S32, where the current track nunber TNO. is deternmned to be equal to
N1. In Step S33, TC(N-1) of the track nunmber TNO. (N- 1) is subtracted
fromTCP to obtain the elapsed tine TCN (m nute, second, frame).
Afterthe above Step S33, the operation oceeds to the processing sequence
of *N-1 surrounded by broken |ines, whefe the index nunmber (IDX) in the
track nunber TNO NI is determned. Since this sequence is simlar to

t hat of  * ove, .t wl scri bed r ] t-3eny; | f
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the track nunber TNO, the operation proceeds to Step S41, where )

19 Tr acikh thembove EECRodS it mcfound Brat ACE issrablerithamiCIHcthe-eperation
conpared wth the above TCP. If it is found that TCP is smaller than

TON+, ?ﬁ@cé&%ﬁ@tSt@p S4;, e¥led thé ouSeepiradenunber ¥NOds deterarined tabk equaber
TNO is determned to be equal to "N'. Then, in Step S43, TCN of the track
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Stnee this s ejg%%? ’(c:hee eizl_;sm;sei Sn':élpasr%‘t, (t)heE ggéra%];n}r%cge%%vtg ’thti: ijrg\cn‘;elslsinré%tequence of
*N surrounded by broken lines, where the index number (IDX) in the track number
'INO.-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 replaying apparatus 1 compares the track start

| time code of each track with TCP, starting ffom the track number TNO. 2. TNO of
FIG. 1'7- that is greater than the N-th TC of the track number TNO and smaller than the
N+1-£h TC will be equal to N. The value obtained by subtracting the N—tﬁ TC of TNO
from TCP represents the elapsed time of the track TCN (minute, second, frame) of
FIG. 17. Ther.l, 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 obération of

conversion/generation. Then, fixed value data such as CONTROL and address ADA



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 nenory 10 as
shown in FIG 16. Thereafter, the disk replaying apparatus 1 conpares the
track start tinme code of each track w TCP, starting fromthe track
nunber .-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

ZF"a‘sie3b%'?t#p&ﬁ?wti%iﬁ%%éa@%h%ﬁﬁﬁ%%ﬁ%%%@%%ﬁ%“ FURG 1 Then,
o b orex e guvest abenfite Mock il oS AGAESOal, 3 rited BRALAG ofreh
FIG 17 can be prepared W|th t he above descrl bed fl ow of operation of

conver si AP Qshomat imRIG Thértheh ithetrack numbea{ENOuwill be “2tanddahe ghapsgddinae s
ADA 20 shown in FIG 4 are

added thqf@%vflpbé"?%mec?%h@é&d Qradb33, whereas IIDX Will byrent absol ute

tinmne is m nute, 40 secohd, 33 frane in the list of area TOC shown in

e e he {5, Y58 ST s 0 e Aol I e R0 T O
rof er 11 ngekenBdothofamsRara 1S Lamdabodo it atkia 19 - Firstly,
TCP "7 mnute, .40 second, 33 frame" as read out by the additional
Flrstly, TCP “7 minute, 40 second, 33 frame” as read out by the add1t10na1
information detector/procéssor 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
TCZ, thé. operation proceeds to Step S21, where Tl;ack_Start__Time_Code (TC3) “11
minute, 40 second, 00 frame” of the track with the track number 3 (INO. 3) is-
compéred 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 ﬁe 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



I nformati on detector/processor 9 is witten into TCA of FIG 17. Then,
TrackStart Ti meCode (TC2) "5 mnute, 30 second, 00 frane" ofthe track with
the track nunmber 2 (TNO 2) is conpared with the above TCP. Since TCP is
greater than TC2, the operation proceeds to Step S21, where

TrackStart Ti neCode (TC3) "11 mnute, 40 second, 00 frane" of the track
with the track nunber 3 (TNO 3) is conpared with the above TCP. Since TCP
is smal-ler than TC3, the operation pro@éeds to Step S22, where the track
nunber TNO i s made equal to "2". Then, in Step S23, TC2 is subtracted from
TCP to obtain m nutes, .10 secgnds, 33 franes as TCN, or, the el apsed tine
of the tM&EaRS alithseaptical pickup 3 ofghe disk replaying appamtusl vria datcarresponding

I NDEX 2 is conpared with the above TCP and, since TCP is greater of the
two, TC t8Qrcodeeaf iz sebaath oG ODynihe ddta of tieEXred TOC dsreaddusi byh théie
above TCP. Since TCP is smaller ofthe two, the i-ndex nunber will be nade
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TOC is read out hy the additional infornmatjon detector/processor 8 firstly
when t hellyithi& hegder ag sgad roysdey tthe redditienalt infermation Histemsar/pyocessen8 and
ordinary track replaying operation, the time code in the header is read
out by tbeneetttd imtoadhannebstatis data datdastpdatarQueds @qubvaleant todthavef CBE byt o

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,_. Then, 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 wiil correspond
to the elapsed time on the track. |

Note that channel stafus 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 44.1KHz and the emphasis to off.



the user data converter/generator 9, referring to the information on the
track list in the area TOC data stored in the nenory 10. Thus, the
convent-ional digital recorder that receives the digital interface output
by way of the output termnal 11 identifies the CD category by decoding the
channel status data and detects the sub-data of the CD including the track
nunmber and the elapsed tine by decoding the Q code of the user data. Then,
it automatically records the start |d 2zad the track number correspondi ng
to the detected data on t.he recording mediumto a great: advantage for the

operation of ex bt.ai n

by subt ract 1 nd sebdaliph of B ESey inventinn Il ERHHENS viseUEsTby Eeriifg IS
fromthe iémf code address being reproduced will correspond to the el apsed
time on ¥ Qack. Not e that channel status data is nore often than
not uniquely defined by the category and the paraneters of the equi pnent
to be used. FF[rsdyamnDISte%dlﬁlaclmEis dé¢tetminedifithec@D lagegenehalED fager af ks
optical disk by fixing the category code to CD, the sanpling frequency to

44. 1KHz ﬁﬂﬂmtt&?ogﬁeﬂatﬁkﬁ tﬁ 15’ dber %ed Ifitis determm]efl 1%§te})r % at the CD

22 Thi's operation e pr I nvention y discussed
by refer 101, i et ed if
the. D |L%>§? l%tpﬂt%ﬁerlreﬁae@rerotortrﬁa g he Apgisboaronpeds trsien 07 yhee
repl ayed, it is determined in Step 101 that the CD |ayer is specified

by the uﬂ@r TQfe arepiadyibegCh) hayspisreplayedotisebete aceest s prugramheres and
retrieve the necessary data therefrom on the basis of the obtained TOC information.
Then, in Steb 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 deterrnirled
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 the_n,
in Step 106, the area TOC information is stored in the memory. In Ste.p 107, the
program area is accessed artd the necessary data iS retrieved therefrom on the basis of
the obtained control information on the area TOC. Then, in Step 108, the program
numbex.'“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 TOC area of the CD layer is replayed firstly to access the program area
and retrieve the necessary data therefromon 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 fromthe programarea in Step 102. I|f,
on the other hand, it is determned in Step 101 that the HD |layer is
specifiéd by the user for replaying, the operation proceeds to Step 105,
where the TOC area of the, CD layer is ?%played firstly and then, in Step
106, the area TOC information is stored in the nenory. In Step 107, the

Pr ogr am gqae of aaéﬁez?kfcfgn%ﬁg aﬁ%‘?é?‘?ﬁﬁ?@?% ggpaldlsmr&étahﬁmftm@t@ PN

t he basi s t he obt ai né on the area TOC. Then, i

Step 10 t he. parogram npunber and the passed-by addresses of the program
bei ng rgt&rpag’ég lért‘gcoﬁéﬁgraé{%d on the basis of the recording addresses

expressed in terns of absolute addresses of each programstored in the
nmenory and t haVihthe abevedesceibedmethpdotheastditionshisformationefanewelaptical
Thereafter, in Step 109, the first switch and the second swifch of FIG 1

are turgad dan bdeomgéd tntansithnelstatgnddtalandfuseh datequivhlent ¢o tioose dhal e
the flow chart of FIG 20 is described above in terns of a nulti-|ayer

giSSk'E hteh@ﬁe’I ‘gm"?@ m%ﬁgﬁi g? g'kgiga} arlrlt()i-(ij‘l) ?‘}tf'ﬁfé"%t"‘el_}}“%l to deternine if
e D O e 1 St el SERAYET s it sl RS (BB
converte goil?otr?niggig Qﬁel: eigs?itnugscgasttgnggr%s l;i(calrouc’igltlta frgglutih\éaclligir)t;l fn?el}fggg gu’&)fut 2
section is produced and stéred 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 including channel status data and user data 6ufput from the sub-
data converter/generator 9 when the 1-bit digital audio signal sampled with a sampling
frequency of fs multiplied by 64 (64 x 44.1KHz = 2,8224MHz) and output from the
audio éigrial 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 ;ighals recorded according to an HD system that is different from the CD
system, the additional information includipg the track number and the elapsed time of
each piece of music are detected and converted 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 automatically recording the start Ids and the track numbers on the

recording medium can also be maid available when recording a digital recorder such



CD, which can then be used as digital audio interface output. Wi | e
a multi-bit digital signal of 16 bits with a sanpling frequency of fs (Hz)
conforming to the existing CD standards and output fromthe digital
interface output section is produced and stored in sonme other recording
mediumin the above enbodinent, it may alternatively be so arranged that
apiece of nusic is divided on the basisypf the sub-data including channel
status data and user data output fromthe sub- data converter/generator 9
when the 1-bit digital audio signal sanpled with a sanpling frequency of
fs multi phs BADorohinBdisk, 44. 1KHz 2, 8224MHz) and output fromthe audio
signal output section 6 in FIG 1 is recorded on sone other recording

medi um Thus, according to the present invention, when replaying a
di sk storing digital audi o signals recorded according to an HD system
that is different fromthe CD system the additional information

i ncluding the track nunber and the el apsed tine of each piece of nusic
are detected and converted into data equival ent to channel status dat a
and user data conform ng to the CD standards for the digital audio
interface, which data are then output to the digital interface output.
Wth this arrangenent, the advant age of automatically recording the start
Ids and the track nunbers on the recordi ng medi um can al so be naid
avai |l abl e when recording a digital recorder such

24 as DAT or m ni-di sk.



CLAI M5 1. A reproduction apparatus adapted to selectively
replaying a first recording nmediumhaving a programarea storing a
plurality ofprograns formatted according to a first format and sub-data
including at | east the passed-by addresses of each program and the program
nunbers; and a second recording nedium having a program area storing
a plurality of programs formatted according to a jmﬂlﬁ §mﬁullmm erent
fromsaid first format and - sub-data accgfipanyi ng

i ncl udi ng absol ute addresses and a control area-for cont rrol I |ng recordlng
addresseSIbAﬁmﬁksed in terms of absolute addresses and corresponding the
progranms stored in said programarea; said réproduction apparatus

conpri si ng: a reproduction nmeans for replaying the control area and
the program area of said second recordi ng nedi um a nmenory means

for storing recopdin res n, her of addr esses
and correspongll n‘é pqcﬁécq ép%ﬁ;gﬁ%éaé%pgegidoq?thqgfe&ﬁ?ﬁ@y %iir%tfreggf
second recordi ng nmedi um and replayed by sai d reproducti gn neans; a
sub- dat a THedism gamgrﬁe}mrmarg@ﬁ g pjurality of pgearams fasarattadaaceeding to
passed- by addresses of.the programcurrently being reproduced on the basis
of the abfisttenatdadesdedatadnehdimesat Ibastithe pesseddgy addessees of ezhi p‘fogmnd
recording nediumby the recording addresses as expressed in terns

absol ut e AYMNRSHBEraAfAhumbers; and

a second recording medium having a program area storing a plurality of
programs formatted according to a second format different from said first format and
sub-data accompanying 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 reproducﬁon 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 safd
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 currently 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



26 corresponding to the prograns stored in said nmenory nmeans and al so by
said reproduction neans; and an interface output neans—for

receiving as input the passed-by addresses and Tthe pr m f each
of the prograns reproduced fromthe programarea o ﬂ“ﬁg@@“‘“mﬁ rding .
medi um when repl ayi ng said first recordi ng nedi um aN@RECa vVrngs t’he :
passed- by addresses and the program nunber of the programcurrently being
reproduced as generated by sai d sub-datagsgeneration neans, transform ng

them and outputting themto a predeterm ned digital interface when

repl ayi ngc@?ési)oiﬂ@@%cto fIRC PESUrathdBEired in said mefnory hegngdared idlso dppaaid us
according to claiml1l, wherein said first format is that of a digital

signal s | kng frequency of Fs (Hz) and having a

guant i za%&ng‘g‘f&éﬁu%&gﬁg%% (mf[err] 2, integer). 3. A reproduction
apparatus according o claim?2, wherein said second . format . .is at of a
digital signala® %rﬁe&emtau@r@aﬁﬁ PhEFCRFERE @8 dpPBt t@w?-bmé&we&darﬁy

n (n 2 2, integer) and having a quantization bit nunber of 1 bit.

4. A reprtietustogramapumber of each @fdhe programaieproduted from the ppogsimgrea of
conversion nmeans for converting the programin the program area of the

second  fgfiffrst fabBrdinRREdiAM WhehPeplhyird sai@fifttrecording medumAnd receiving
reproduction apparatus according to claiml, wherein said digital interface

conforms ho f)gs%eld-Eb%' SRrads 20 4 e program number of the program currently being

reproduced as generated by said sub-data ger.xeration means, transfbrming them and
outputting them to a predetermined digital interface when feplayihg said second
recbrding medium.

2. A reproduction apparatus according to claim 1, wherein said first format is
that of a digital signal sampled with a sampling frequency of Fs (Hz) and having a
quantization bit number of m (rn:_.:.z 2, integer).

3. A reproduction apparatus according to claim 2, wherein said second format
is that of a digital signal sampled with a sampling frequency of Fs (Hz) multiplied by
n (n > 2, integer) and having a quantization bit number of 1 bit. -

4. A reproduction apparatus according to claim 1, further comprising a
conversion means for converting the program in the program area of the second
format into a program of the first format. |

5. Areproduction apparatus according to claim 1, wherein said digital interface
conforms to the IEC 958 Staﬁdards.

6. A reproduction apparatus adapted to selectively replaying a first layer having



6. A reproduction apparatus adapted to selectively replaying a first |ayer

havi ng r_am ar ea
storing a plurality of prograns forrratted accordrngto and
sub-data including at |east the passed-by addr esses Ee“&“ﬂ“wg nd t he
program nunbers and a second | ayer having a program

plurality of prograns formatted according to a second format drfferent
fromsaid first format and sub-data accgspanying said prograns and
i ncl udi ng absol ute addresses and a control  area for controlling recording

addr esses; BrdpraAsSctal gioﬁgg gégglﬁrarﬁng ISFograﬁ'Hﬁ’ FSEASGe@REcordhs 96 RSt ferrhAe

programs stored in said am a al d reproduction

appar at us-.¢c X . oduct i f |ng
Fhe pr ool APt Sacleging ot fedst 358 PoSkeR Py oRBResed) of Falll miEian SR B
area of said second Ia er; a nenory neans for storing recordrng

addr essePIORBRWAETS ! aiod mssesondHleyen having e peagtem &xen Sting sararality: of
the prograns recorded in the control area of said second |ayer and

repl ayed frpgsand foanatied atcondingtna second fornvat differdat frapa saidfitst formarnd or
generating the program nunber and the passed-by addresses of the program

currentlyg om% %&?Q ?Sgﬂ%ﬁé éndd)fnctlm aBR8RAIt BSdﬁggésezﬁﬁfé ontrol

reproduce sal secon l"ayer recor I'ng
addr esses as XPr ess f, absol ute ad ses 0
andr ess couls 16180 %EOﬁw&rgsar%gaﬁgrwaﬁsxaﬁas ewseirlgw B esthd
means; and . an interface output neans for receiving as |nput t he

passed- bycuteipensing fheiprograms stored in said program area;
said reproduction apparatus comprising:
~ a reproduction means for selectively replaying the progfam area of said first
layer and the control area and the program area of said second layer;

amemory 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;

2 sub-data generation means for generating the program number and the
passed-by addresses of the program currently 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



t he program nunber of each of the prograns reproduced fromthe program area
of said first |layer when replaying said first |ayer _and receiving-the-
passed- by addresses

8
and the program nunber of the programcurrently bei ngumm‘iw‘lmnl
generated by said sub-data generation neans, transfo | sd »

outputting themto a predetermned digital interface when replaying said
second l-ayer. 7. A reproduction appratus according to claimé6
wherein said first format is that of a digital signal sanpled with a
sanpling frequency of Fs (Hz) and having a quantization bit nunber of m (m
[err] 2, ianddheprogram numtgr of the pragran cumenthp being repsedunedi asganeratediby 7,
wherein said second format is tht of a digital signal sanpled with a

sanpl i ng karbwabodataf géseratioh Meéahs,pliagdfonhing (Henh edrid cutputtinggehemans! a
havi ng a quanti zation bit nunber of 1 bit. - 9. A reproduction

appar at us Sﬁﬁﬁé‘p "lg%rd; %ﬂﬁf‘irﬁbﬁ’acé W}{g%e{gpga%é 's? f&c%nd(\ig?é’ler sion neans for

convertin € prog € secon format into a
programof the first format. - 10. A.reproductjon appar at, accordi ng
to claimé, Wnéi* eﬂ&ﬁeB%QC{PC&HO@%RHaTatP%SWTQ&E E‘bﬁ\%m W rpﬁ-ésqlégr_sbggmat 15
St andar ds. ° 11. A reproduction nethod for selectively replaying a

first recdhatiofp digitalrsighavsanyplad pwitly asansplisg fitegquengy af Hsutiz) and baving a
prograns formatted according to a first format and sub-data including at

| east t he gpantieshiby badslimbeess ff (1Aach, pitégegdm and  the program nunbers; and

8. A reproduction apparatus according to claim 7, wherein said second format
is tht of a digital signal sampled with a sampling frequency of Fs (Hz) multiplied by
n(n > 2, integer) and having a quantization bit number of 1 bit.

9. A rep;'oduction apparatus according to claim 6, fuﬁher comprising a
conversion means for converting the program in the program area of the second
format into a program of the first format.

10. A reproduction apparatus accofding to claim. 6, wherein said digital
interface conforms to the IEC 958 Sfandards.

11. A reproduction method for selectively replaying a first recording medium
having a program area storing a plurality of programs formatted according to a first
forrﬁat and sub-data including at least the passed-by addresses of each program and
the program numbers; and

a second recording medium having a program area storing a plurality of
programs formatted according to a second format.different from said first format and

sub-data accompanying said programs and including absolute addresses and a control



a second recording nedium having a program area storing a plurality of
progranms formatted according to a second format-different fromsaid first

format and sub-data acconpanying said prograns and in '
addresses and a control ‘G ‘i@“i ﬂ Mli‘ 29
area for controlling recording addresses expressed in e

addresses and corresponding the prograns stored in said program area;
sai d reproducti’on nethod conpri sing: 29 a replaying step of replaying
the control area and the program area of said second recordi ng nmedi um

a storing. step of storing recording addresses .express in ter of

absol ut e &g féﬁé@l&ﬁgréﬁﬁlidMB @ﬁqgﬁe%@‘ﬁrﬁ@eérlﬁég%%of%&ﬂ?ﬁ@& eg3¢s and
control area of said second recording nedium and repl ayed by said

r epr oductdorrespeading the programs storddtin sgdhprograngareagp of generating the
program nunber and the passed-by addresses of the programcurrently being

reproduc%i&pe(#xgauggéh%%gal& gingt e addresses reproduced fromthe
-sal

program area second recordi ng nmedium by the recording addresses as
expressed in ter of absol ute addresses corres ding t the prograns
stored in sai & ﬁ‘?ﬁ&ng@ Soémﬁﬁg& gf? g@}qgolrgrspoqﬁgﬂ}eonﬂ?ggﬂg?regngf said”
an interface output _step of receiving as input the passed-by addresses and
the prodicapnaupeending ediBMsf t he progranms reproduced fromthe program
area of said first recording nmedium when replaying said first recording
medi um and r eceitorigg step of stori: scoadiipeaddrsssasdexpressadony termsunbabsaloite he
program currently being

addresses and corresponding to the programs recorded in the control area of said

second recording medium and replayed by said reproduction means;

asub-data generating step of generating the program number and the passed-by
addresses of the program currently being reproduced on the basis of the absolute
addresses reproduced from the program area of said seéond recording medium by the
recording addresses as expresséd interms of absolute addresses and corresponding to
the programs stored in said memory means and also by said reproduction means; and

an interface output step of receiving aé 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 addre;sses and the progmm number of the program currently being
reproduced ag. generated by said sub—data. generation means, transforming them and
outputting them to a predetermined digital interface when replaying said second
recording medjum. |

12. A reproduction method for selectively replaying a first layer having a



reproduced as generated by said sub-data generation neans, transform ng
them and outputting themto a predeterm ned di gi+al—interface when

ooy o oL e e o R o | (R e

30 programarea storing a plurality of progranms formatted acdcording to a
first format and sub-data including at | east the passed-by addresses of
each program and the program nunbers aﬁﬁya second | ayer having a program
area storing a plurality of prograns formatted according to a second
format different fromsaid first format and sub-data acconpanying said
prograns piegramarea sieginga plurabity-efpregrans foraattednnqosdingtea fiist format and
controlling recording addresses expressed in ternms of absol ute addresses
and cor ragpdag inghidigg e baisatie pdseeddyl addressts pfegchpregrani and tigiprogram
reproducti on nmethod conpri sing: a replaying step of selectively

replayi ng, tBgepy 8R4 A0 18 %ﬁﬂ%xgﬁ?gré ﬁ}ograxﬁarewoﬁhgga gﬁﬁ‘ﬂaﬁfy @@g(ggﬁﬁ?s

t he program area of sald sec a stor step’o I ng

recordi ng.addresses expressed in terns, qf..absolute resses_and

cor r esponfRTApticg agger %W@J&I@&t 3@?@8%@&% F%ﬂ%dtiﬁsg gowats%%sug'él@@nd

| ayer and replayed by said reproducti on neans; a sub-data

gener at i ngcemepanyingesaid progragmstandinopding absdlute addresses apdsseantrolyrea for

addresses of the programcurrently being reproduced on the basis of the

gbs ?Ihut e c@ﬂgbﬂﬁ%e&eé@miﬁgU@&ﬁeﬁ%@%ﬁﬁ&s@é@Qhatﬁrﬁrse@foibsﬂix& sddesndes oyl
y e recording -

corresponding the programs stored in said program area;

said reproduction method comprising:

areplaying step of selectively replaying the program area of said first layer and
the control area and the program area of said second layer;

a storing step of storing recording addresses expressed in terms of absolute
addresses and corresponding to the programs recorded in the control area of said
second laYer and replayéd by said reproduction means;

a sub-data generating step of generating the program number and the passed-
by addresses of the program ;:urrently 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 sai.d memory means and also by said reproduction means; and

an interface output step of receiving as input the passed-by addresses and the
program number of each of the programs .reproduce(.i from the program area of said

first layer when replaying said first layer and receiving the passed-by addresses and



addresses as expressed in terns of absolute addresses and corresponding to
the prograns stored in said nenory neans and al so by said reiroduction

means; -and an interface output step of receivﬂﬂiuﬂﬂuu ﬂMﬂHl"ﬂl'I
e DTN TN

passed- by addresses and t-he’ program nunber of each o '

reproduced fromthe programarea of said first |ayer when reéeplaying said

first layer and receiving the passed-by_addresses and

31 t he program nunber of the progran1é rrently being reproduced as

" generated by said sub-data generation neans, transform ng them and
outputting themto a predetermned digital interface when regl?g&gg s%id

second | géqfrogram number of the program currently being reproduced as gencra sal

sub-data generation means, transforming them and outputting them to a predetermined

digital interface when replaying said second layer.



