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si mul t aneous| Yow#wé4t he still 10 picture, an appar at us PEREFIUIBRt hod f or
recordi ng such an optical disc, and an apparatus and a net hod for
reproducing such an optical disc. Background Art Digital caneffgetkz (-
Digital cameras for capturing still pictures using the JPEG con’g,r ssion
format, formally known as the SO | EC 10918-1 standard, have b(—! w del y
available in the last few years. OneDESGRWHTIONT the grow ng popu (ty of
digital caneras is the inproved audi o-visual (AV) processing capability of
nodern personal conputers (PC). 21) Inmages captured by a digital canera can
be transferred IQPTMEGAL®ISC, neans, includi ng sem conductor nenory, floppy

di sk, and infrared  c ications, to a PCin format enabling the inage
data to be pr oc@s@@&eﬂgE%%Q%PEQM%WQP@%A%AJﬁ&NQJI i nege dat a
can then bg edigregcan oibe mrfzebueﬁﬁehmmeaem@wwnxm ams, word 25
processors, and by Internet content providers. Digital cameras enabling
audio to be captured with still pictures have been nore recently

i ntroduced. Thi Sre@Rhl!cbltFyeltdo capture sound with still pictures has hel ped

to further dlfferentlate the digital camera from
The present invention relates to an optical disc for recording still

picture data and audio data to be produced simultaneously with the still
10 picture, an apparatus and a method for recording such an optical disc,

and an apparatus and a method for reproducing such an optical disc.

Background Art
Digital cameras

16 Digital cameras for capturing still pictures using the JPEG
compression format, formally known as the ISO/IEC 10918-1 standard,
have become widely available in the last few years. One reason for the
growing popularity of digital cameras is the improved audio-visual (AV)
processing capability of modern personal computers (PC).

20 Images captured by a digital camera can be transferred by various
means, including semiconductor memory, floppy disk, and infrared
communications, to a PC in a format enabling the image data to be
processed and manipulated on the PC. The captured image data can
then be edited on the PC for use by presentation programs, word

25 processors, and by Internet content providers.

Digital cameras enabling audio to be captured with still pictures
have been more recently introduced. This ability to capture sound with

still pictures has helped to further differentiate the digital camera from
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99/-53694 PCT/JP99/01811 2 <conventional filmbased still caneras. Fig. 7

shows the rel ationship between still picture data (JPI%G data) and audio
data recorded by such a digital canera. As shown in F| JAN 2008 he still

pi cture data (JPEG data) and audio data are stored in 5 sz‘?g gatle files.

Each tinme a prewEoed i s taken (recorded), separate JPEG PFLERENY audi o dat a
files are created. There are two basic t hods for nanagi ng the
relationship between still picture data (JPEG data) and audio data files.
The first, as shown in Fig. 7(a), uses a link manager to nmaintain the

rel atlonshl p (link) 10 between a JPEG data file and the associ ated audi o
data file. The esnMentionabfimsbasgd st cBmgras7(b), assigns the sane root file

nane (the part of t R
T Loubih b 3B ? LR TRl atiidr g oty ey ety 1.0 9,

t he above- descrddte):lambatittutnjdataaaccxddd by dathnafdigital camemaAsiEhonnik&dt o a

particul ar stil C at a ﬂy\%ﬁ e and can
be changed duri ngR?n HF A &Paig o%aégg ap"?h ‘t'&'o ééa g%gﬁ*egrggelp deci des
after taking a figatatsqiléd)atachiinéadpictus sOtikah qeocirddu)l beparatel dPEGE i S
| nappropriate or undesirable, different audio data can be selected and
linked to the id@g@ndaudiostats filesmre cgtehe advent of MPEG (Moving Picture

Experts Group) stangggfds afré’rtwoh%gic' Hﬂatl?d&g' ForV infkiHagi ah& ORiationship MoVi ng
and still pictures together wth audio has al so accel erated the

devel opnent of betiweensti awp:rgm @P%da'@é@wé’é@'%é@t@d“?ﬁa Thedicsst3sndar ds.
When image dat aﬁ glﬁé %sE?EQu"nQ‘ﬁ% JEEI‘?\ dAYIE) W@ refRichsRpAARE, the
I'd | exe

audi o stream an mare nmul
10 between a JPEG data file and the assocmted audio data file. The other,

as shown in Fig. 7(b), assigns the same root file name (the part of the
file name minus the extension, e.g., "xyz" in Fig. 7(b)) to both the JPEG

data file and the audio data file.
Using elther of the above-described methods, an audio data file

15 can be linked to a particular still picture data file when the picture is
captured, and can be changed during any later editing process. That is, if
the user decides after taking a picture that the audio associated with that
picture is inappropriate or undesirable, different audio data can be
selected and linked to the image data on the PC.

2 The advent of MPEG (Moving Picture Experts Group) standards for
handling audio-video data containing moving and still pictures together
with audio has also accelerated the development of multimedia products
and services based on MPEG standards.

When image data and audio are recorded using the MPEG

2 standard, the audio stream and video stream are multiplexed and
recorded as a single system stream as shown in Fig. 6(c). This makes it
very difficult to freely change the audio stream associated with a

particular video stream after the Initial recording. More specifically, to



"recorded as a single systemstreamas shown in Fig. 6(c). This makes it
very difficult to freely change the audio stream associated with a
particular video streamafter the initial recording. Mre specifically, to
r 7 JAN 2003 WD 99/53694 PCTI 3P99101811 3 change { Resmiuztop dat a
recorded for a particular still picture, the still pict é‘g‘”g?‘%‘ﬁ and audi o
dat a nust be WUHB¥R t oget her as a single MPEG system s‘f‘% am i's nmeans
that the MPEG system stream nust first bg decoded, and the extracted still
pi cture data and audi o data nust then be 5 re-encoded as a single system
stream after editing. Editing the still picture data and audio data after
recording is therefore much nore difficult than it |s conyenti onal

s with
di gital canerachgngs thes gudiocratantaspideghfola mr'd'fb’j'aéc?t"'()f’\'lgl"l'fé' E”r‘%?@ t

invention is t s e Eﬁﬁ&ﬁgitéwtd‘qﬁﬂéﬂas anipeMPEgs, and a
met hod mherebyrbgt{ﬁﬁiregéd%ta pr esent eduvvith a still picture 'gd;ﬁ be freely and

easi |y changed sgstem stfaasm. Thiemeamisrthat the MPEG! systerp streatmamyst fiishgean MPEG
standard format_ T Leve j L j ccordi ng
fo the 15 proderriad SR BER PP BPoRRIE hta §1d 55 daRimInhuTLE

appar at us havi ng-endodRraded smylé esystahe atebam aftad editingutEditing it stas
recorded thereto a video part, styeam_ such as a.first. system stream (ST1)
conprising a @AY detp anLﬁde% ‘%g%taoﬁeﬁirﬁﬁ"r N9 fs Shereler 'Hﬁ‘%na YOr at | east
one picture, angcA0traRG i Wi 4 cShveRBbhal Witfithl 88marssecond system st ream
(ST2) conprising 20 one or a plurality of units containing audio data to be
reproduced with the still picture data. The units of these system streans

store tine sta i P hndicative of a time required for a decodi ng
process and ou B‘ﬂt’m@m S \h‘?ﬁg stanp information includes a tine SCR2 at
whi ch the 1d ast uni Ani objédteof ithet pregenteinventiemnis | therefpie te opravigiec dder

g;n; L::n, i 2nidngu:rleg}§d§15g %e |um8.lt ar\{\hép%grgtng, LIIIJ Sat mlé@ll\c;d 'vﬁ\epgbg/ §88i8ngat%y5t em
presented with a still picture can be freely and easily changed even after

recording the still picture data using an MPEG standard format.
To achieve the above object, a recording medium according to the

16 present invention that is reproducible by a reproducing apparatus having
a decoder buffer, decoder, and output section, has recorded thereto a
video part stream, such as a first system stream, (ST1) comprising a
plurality of units containing still picture data for at least one picture, and
an audio part stream, such as a second system stream, (ST2) comprising

2 one or a plurality of units containing audio data to be reproduced with the
still picture data. The units of these system streams store time stamp
information indicative of a time required for a decoding process and
output. This time stamp information includes a time SCR2 at which the
last unit in the first system stream is input to a decoder buffer, and a time

25 SCR3 at which the first unit in the second system stream is input to a
decoder buffer. These times SCR2 and SCR3 are defined to satisfy the
equation

SCR2 + Tp s SCR3



decoder buffer. These tinmes SCR2 and SCR3 are defined to satisfy the
equation SCR2 + Tp s SCR3 17 JAN 2003 WD 99/53694 PCT/JP99/01811 4 where
Tp is the tine required to conpletely one unit to a decbdejaNoagfF er. By the
above arrangenent, the second systemstreamcarrying the audio data is
stored in the optical disc independently of the first system stream Thus,
the data in twe¥ee@dnd system stream can be easily 5 réﬂ?@ﬁo Blb of er abl Y,
the tinme stanp information further includgs a tine SCR1 at which the first
unit in the first systemstreamis input to a decoder buffer. In this
case, tinmes SCR1 and SCR2 are defined as: SCRI = 0 10 SCR2 + Tp s 27000000
(27 MHz) where (27 Miz) indicates that the numeric value shown therebefore
is a count of whaie Teis thbdivle remyirette cemplatelearsunit the deredsr HEffeod f or

transferring the fir fer can
be set to 1 second %Sthg (é§?"%§}é§ﬁ?hr eéré‘ép?ﬁg rag\té;}??éiﬁt%ﬁﬁgh%ggge tinme
SCR3 i s definedaagiodds i |s stoPed 0MB0otiR3@l disiz indePendéntly afrthedigstraystemt he

transfer start tinme of ecaond s em Streamto_the deco ffer can
be set to | sec§HBIBitd ”? hé‘ ﬁﬁ@t u‘?’% SPeng §¥sm?mn%tr?ﬁmt%8 EI 18 %ystem

streamto tBe degpgkeyy buffer. Yet further preferably, the tine stanp
information also includes a tinme PTS1 at which the first tid}éstemstream IS
presented from the cRrefrigblyséhe itisee sharap dntormationydurthar udss: Ai@cond

system stream | S Ri'wnidd ¥8 & GREMIthe it §fbem Cstisam 4 WRRLHESA. and
decoder buffer. in this case, times SCR1 and SCR2 are defined as:

SCR1=0

10 SCR2 + Tp < 27000000 (27 MHz)
whera (27 MHz) indicates that the numeric value shown therebefore is a
count of a 27 MHz clock.

By this arrangement, the time period for transferring the first
system stream completely to the decoder buffer can be set to 1 second

15 or less.

Yet further preferably in this case, time SCR3 is defined as SCR3
= 27000000 (27 MHz).

By this arrangement, the transfer start time of the second system
stream to the decoder buffer can be set to 1 second after the start

20 transfer time of the first system stream to the decoder buffer.

Yet further preferably, the time stamp information also includes a
time PTS1 at which the first system stream is presented from the output
section, and a time PTS3 at which the second system stream is output
from the decoder. In this case, times PTS1 and PTS3 are the same.

2 By this arrangement, the still picture produced by the first system
stream and the sound produced by the second system stream can be
effected simultaneously.

Yet further preferably, the time stamp information also includes a



25 By this arrangenent, the still picture produced by the first system
stream and the sound produced by the second system stream can be effected
si mul t aneously. Yet further preferably, the time stamp |hiJdNm@8i on al so

i ncludes a 17 JAN 2003 WD 99/53694 PCT/JP99/01811 5 decoding start tine
DTS1 at which a decoder starts decoding the first systemstream This tine
DTS1 is defi nmdowsess DTSL = 90000 (90 kHz) where (90 kHzFCTVR®Y¥{ es that the
nuneric val ue shown therebefore is a 5 %ount of a 90 kHz clock. By this
arrangenent, the decode start tine of the€ second system stream can be set
to 1 second after the start transfer of the first system streamto the
decoder buffer. In this case, tines PTS1 and PTS3 are preferably defined by
the 10 equati odecddli®i sterPliiB8 BTYDGYWhiG0akdecpder starighdgaedingotheibrpt

i ndi cates that the nunperic.yalue h ore is a count of a 90 kHz
clock, and Tv i§y;‘ﬂ@ rieagb-rééﬁté{"?ﬁmq%é?ﬁ@%?g%y this arrangenent, the
presentation of the r$4 & 9pood (@ekkx)d the 15 sound can be done after 1
second plus 1 frame period Tv. fromthe start. transfer qf th i rst system
streamto the dé’(f’@fﬁe?g W)émwﬁﬁeﬁ%ﬁaﬁa %W&%%P%W%ﬂ?eéﬁ?ﬁ%%nggéenent

i nformati ong( Voloygk: ofid9PkiiREloek) is further preferably recorded to an
optical disc according to the present invention, and the managg,ement

information for the By thit amenggmertiriha decade; jiart Jtrs ohing BRENPTIYEEM on 1 ag
Synchr oni zed wi AT P poidct Sedohedieh IngBleR st SORPIRUARIem, o, 11
i s possible to defeanttowhetibeodeobufier t he
In this case, times PTS1 and PTS3 are preferably defined by the
10 equation:
PTS1 = PTS3 = 90000 (90 kHz) + Tv
where (90 kHz) indicates that the numeric value shown therebefore is a

count of a 90 kHz clack, and Tv is the video data frame period.
By this arrangement, the presentation of the still picture and the

15 sound can be done after 1 second plus 1 frame period Tv from the start
transfer of the first system stream to the decoder buffer.

First and second system stream management information (Volume
information) is further preferably recorded to an optical disc according to
the present invention, and the management information for the first

20 system stream includes an identification flag (Audio_Flag) for declaring
there is audio data to be reproduced synchronized with the still picture
data.

By this identification flag, it is possible to detect whether or not the
sound accompanies the still picture.

25 An optical disc recording apparatus for recording a system stream
éontaining still picture data and audio data to be reproduced with the still
picture data to an optical disc according to the present invention

comprises an encoder and a system controller. The encoder generates a



sound acconpanies the still picture. 25 An optical disc recording apparatus

for- recording a systemstream containing still picture data and audi o data
to be reproduced with the still picture data to an op{éc\gh}@é}sc accordi ng
to the present invention conprises an encoder and a syst ntroller. The

encoder generates a 1 7 JAN 2003 WD 99/53694 PCT/JP99/|?C]1%},9’IM§SHH rst
system streaWQ®54 conprising a plurality of units containing still
picture data for at |east one picture, agd a second system stream (ST2)
conprising one or a plurality of units containing audio data to be
reproduced with the still picture data. The systemcontroller stores in 5

said units tine sta i nformation i ndicative of,aﬁti req!uir.ed {.Ir a
decodi ng pr ocedistaustasnisyarm (Fd) (mprising ) Plupity FHE% CPHEINEE 'g time

SCR2 at whi ch thgutaghtathi bt lelst 1 biclupé, £¥Sd SBRAHd SR8 StrbAMUSTRY a
decoder buffer, and a tinme SCR3 indicative of a tine at_which the first

unit in the secommprisingt ene sefr @apiurality refutnits canigining audipudeld o hese 10
times SCR2 and 9 fined:. t Q: i t L HirolieCRtrds I S SCR3
where Tp is therecﬁggé(gqvﬂﬁieh g'r"o 'ctﬁﬁ% cga{l%rﬁbteg %E@ e‘ﬂ‘groof inrgu?ti ng one
unit to a decodsiid units eime Byamp dntabmationaindicagivesaft a tintee requiwmddfasyat em

ndependent |y GHeceHOS Progtsss 3o aiew; MR araAne (fieRRRETinseBE 2.con
system stream C@e BTFEAE! WiichthY ilfet dinit Thehe fisst ayatemndtrezin & inphit tohas opti cal
i or et i on ot FHABISCRENer, ST AMO R RASHFAE Tif ImprRtHESY PISTTy st em
streamis input,gp; trﬁ’ee‘i?éb‘f‘\rd Qﬁftérﬁrstre%ﬂfjisainbhm BTdskodbr whifer THeeef i r st
system streamis output fromthe output section. These tines SCRI, SCRz2,
and PTS1 ane defimae8CR2: and SCR3 are defined to satisfy the equation:
SCR2 + Tp s SCR3
where Tp is the time required from the start to the end of inputting one
unit to a decoder buffer.
By the above arrangement, the second system stream carrying the
15 audio data is stored in the optical disc independently of the first system
stream. Thus, the data in the second system stream can be easily
revised.
The system controller of this optical disc recording apparatus
further preferably stores as time stamp information a time SCR1 at which
2 the first unit in the first system stream is input to a decoder buffer, and a
time PTS1 at which the first system stream is output from the output

section. These times SCR1, SCR2, and PTS1 are defined as:

SCR1 =0
SCR2 < 27000000 (27 MHz) - Tp
25 PTS1 = 90000 (90 kHz) + Tv

where (27 MHz) Indicates that the numeric value shown therebefore is a
count of a 27 MHz clock, (90 kHz) indicates that the numeric value

shown therebefore is a count of a 90 kHz clock, Tp is the time required



SCRI = 0 SCR2 s 27000000 (27 MHz) - Tp 25 PTS1 = 90000 (90 kHz) + Tv where
(27 WHz) Indicates that the nuneric value shown therebefore is a count of
a 27 MHz clock, (90 kHz) indicates that the numeric valiye jagbgyn

t herebefore is a count of a 90 kHz clock, Tp is the tinme required Z 7 JAN
2003 WD 99/53694 PCT/JP99/01811 7 to transfer the last_u i/Bxsﬂf the first
system streamosd@4Ty is the video data frane period. P@" I'S ‘arrangenent,
the tinme for start transferring the firsy system streamto the decoder
buffer is set to O, the time for finish transferring 5 the first system
streamto the decoder buffer is set to 1 second or less, and the tinme for
di splaying or presenting the still picture is set to 1 _second us | franme
period Tv from tDHearrﬁfeirtgetlﬁimteﬁf e fiksyster; stegam. cand Iv 12406 VidePhe
decoder buffer.  FEur r ferably, the systemcontroller further stores as
time 10 stanp ‘F?%?«S’?a%%t‘?"g{?ﬁa time PTS3 at which the second system streamis
out put fromthe decaganis arrangémsntc ireetime iforestagerBstardn@IBafirgt sydem ned as:

SCR3 = 27000000 (27 PTS3 = 90000 (90 + Ty, LS
arrangenent , th“'etg‘iﬁni‘réo dggo ﬁé]bﬁ&?ri 'r“fgse{‘ﬁg ol;'ei%%)rtl@esgosrtfpeninsrﬁ}s‘?é;e}gﬁ%ntgo t he
decoder buffer gamrbesystm sRedmIoanadetsduntiutier 3¢ salrto 1 secomsf arless, t he

first systemstream and the tinme for decodjng and. reproduci t he sound
can be set to larddéemdime fes displryRe Qcpiegentng. the, still ‘tqgrr?l Eoﬁ?tgzﬂ Iqer

further prefer ablugoies i paria W floReheMan ansies oemetirseagstamnagenent
I nformati on, and stores in the managenent information for the first system

stream an i dent stréarato the decader(ndi@ro Fl ag) .
Further preferably, the system controlier further stores as time
10 stamp information a time PTS3 at which the second system stream is

output from the decader. In this case, times SCR3 and PTS3 are defined

as:
SCR3 = 27000000 (27 MHz)
PTS3 = 90000 (90 kHz) + Tv.
15 By this arrangement, the time for transferring the second system

stream to the decoder buffer can be set to 1 second from the strart
transfer of the first system stream, and the time for decoding and
reproducing the sound can be set to 1 second plus 1 frame period Tv.
The system controller further preferably generates first and second
20 system stream management information, and stores in the management
information for the first system stream an identification fiag (Audio_Flag).
This flag is used for declaring whether there is audio data to be
reproduced synchronized with the still picture data.
By this identification flag, it is possible to detect whether or not the
2 sound accompanies the still picture.
The system controller yet further preferably records audio data
reproduction time (Cell_Playback_Time) in the management information

for the second system stream.



This flag is used for declaring whether there is audio data to be

repr oduced synchronized with the still picture data. By this identification
flag, it is possible to detect whether or not the 25 sp acconpani es the
still picture. The systemcontroller yet further prefer az ‘8" @Bor ds audi o

data reproduction tine (Cell _Playback Tine) in the m%@}si nf ormati on
for the secorP¥&em stream 1JAN 2003 WD 99/53694 P 01811 8 By
this arrangenent, it is possible to set ghe sound reproducing tinme. An
optical disc reproduci ng apparatus for reproducing an optical disc
according to the present invention conprises a decoder buffer, a 5

decoder, an output section, and a system controll stem
control l er detects BWahistaEanagaiants it daPessble tzS’gs‘(tA'l'}& ?@Ba@f'qo?é i t
synchronously rgeproduces still picture data in the first system stream and
audio data in the second systemstream By this arrangenment, it is possible
to previously det ecAnlecabdlsgrreplfp@unlm ariparatus) fier Eﬁﬂﬁmﬁﬂg’m'ﬁ@ still

pi cture exists. ?*?é%fﬁr ymFm ;;»egaﬁ RYSHEIM EGRbAN Qrdﬁ%eﬁgr%éfférhaat the

i dentification 'S set, a decoder co tely decodes one
picture of stildedodst, Lureodﬁpnaséemmr ded 4 systam éon’tmlles;whemtbe isgstemand sends

t he decoded data to the out cti,Qn,, ..an h decodes
whi | e reproduci sRytEREF Setest t&?b? ’ﬁ%ﬁt{fﬁéggrecr}gﬂ?d?évg IlFegér]ﬁ %is a
result, presentaijcRfondls§irbprodiedy Mmep.@tak@détwmﬁmsowm strsamtarah begi ns
W th the start of audio presentation. é this arrangenent, it Is possible

to decode the saudip dgtecindhe seeard system fEe3my st system stream and the audio
data in the second $yShaMrafhefidntalid PosiiéidbfevidUly BétetOlRether or

10 not the sound accompanying the still picture exists.

Preferably, when the system controller detects that the
identification flag (Audio_Flag) is set, a decoder compietely decodes one
picture of still picture data recorded to the first system stream and sends
the decoded data to the output section, and another decoder then

15 decodes while reproducing audio data stored to the second system
stream. As a result, presentation of still picture data from the output
section begins with the start of audio presentation.

By this arrangement, it is possible to decode the still picture data
in the ﬁrst‘system stream and the audio data in the second system

20 stream in separate time periods.

The present invention also provides an optical disc recording
method for recording a system stream containing still picture data and a
separate system stream containing audio data to be reproduced with the
still picture data to an optical disc according to the present invention.

25 In addition, the present invention also provides an optical disc
reproduction method for reproducing an MPEG stream recorded to an

optical disc according to the present invention.



The present invention also provides an optical disc recording nethod for
recording a systemstreamcontaining still picture data and a separate

system stream contai ning audio data to be reproduced V\ﬁh H?@a still
picture data to an optical disc according to the prese N ntion. 25 In
addition, the present invention also provides an optical mﬁ/ 1g1,7 €Production
nmet hod for r o8k ng an MPEG stream recorded to an cfﬁ?l eartdi sc
according to the present invention. | Z JAN 2003 WD 99/53694

PCT/JP99/ 01811 9 Brief Description O Drawings Fig. 1 is a block diagram
of a DVD recording apparatus drive; Figs. 2(a) and 2(b) show the

rel ati onship between address space on a disc and the anmount of data stored
in the track blrieéPeseintiogOf B@wingsnd 3(b) show the correl ati on between |,
B, and P pictures g; 3 i LA réd eStructure of
an MPEG system st re@ﬁi ?E %/.Bﬁgki‘ﬂéébg&gﬁggk di gg‘érog%ngfa%gﬁa%E@syst em stream
decoder (P_STD); 1PigFi @) abd(b) sidy thesralatiensbipcbetyesh addiASacPaglt a, t he
change in the anoynt of .da e - \i| 1, a typical MPEG
system stream °"a?1§'58r?n8d€7 %'?‘8§b§5fs‘?°’é%gﬁ°,‘£‘é‘é‘6§§??§§%% according to prior
art; Figs. g7(a) andrigeb)(d) hnst3(B} shbwnike tetelstion detwdenpl,cBumed Bnd audi o
in adigital still camera, according to prior art; 15 Figs. 8(a) and 8(b)
are di agrans sHIGURS 1A MPEPridan st AMes of a directory structure and the

physical “arr angeﬁeni:'%g(?fq shBfs Bhe Stri QG slianavPBaTsyaeti stéags, 9(a) and 9(b)
show the structure of a nmanagenent information file, and the data stream
20 Figs. 10(a), 10(Fle. &nis Boblepk Fiagramhel aaMYEResMSI9MSiaaa dgRoder

(P_STD),

10 Figs. 6(a), 6(b), 6(c) and &6(d) show video data, the change in the
amount of data stored to the video buffer, a typical MPEG system stream,
and an audio data signal, respectively, according to prior art;

Figs. 7(a) and 7(b) illustrate links between still pictures and audio
in a digital still camera, according to prior art

15 Figs. 8(a) and 8(b) are diagrams showing two different styles of a
directory structure and the physical arrangement of the disc recording
surface;

Figs. 9(a) and 9(b) show the structure of a management
information file, and the data stream,

20 Figs. 10(a), 10(b) and 10(c) show the management information
data for still picture data and audio data, a data stream for the still
picture data and audio data, and another data stream for the still picture
data and audio data;

Figs. 11(a), 11(b) and 11(c) are diagrams showing a still picture

25 data VOB, an audio data VOB, and a combined VOB, according to the
present invention;

Fig. 12 is a block diagram of a DVD recording apperatus;

Fig. 13 Is a flow chart of a recording process of the DVD recording



data for still pi cture data and audio data, a data streamfor the still

pi cture data and audi o data, and another data streamfor the still picture
data and audio data; Figs. 11(a), 11(b) and 11(c) are dh%grans showi ng a
still picture 25 data VOB, an audio data VOB, and a corltfi Hh 28088,

according to the present invention; Fig. 12 is a block di agramof a DVD
recordi ng app#oa¥E#64 Fig. 13 Is a flow chart of a recor dCHF PP 8less of the
DVD recording f 7 JAN 2003 WD 99/53694 PCP/JP99/01811 10 appar atus shown
in Fig. 12; Fig. 14 is a flow chart of the“still picture data VOB
generating process shown as step S1301 in Fig. 13 in the DVD recordi ng
apparatus shown In Fig. 12; 5 Fig. 15 is a flow chart of the audio data
VOB generati ng pappaextss sisdvowin FEg. 82,ep S1303 in Fig. 13 in the DVD recording

apparatus shown in Eig.,12; Fiqg. 16 i flow.chart. of nt
information file geh®r at ﬁga 6L°§'c§%§rt sqrsﬁcga?u A %'Fté'ﬁe é’f%bl}}qbﬁ ggﬁ‘g'%gﬁ in the
DVD recording If}oséyscdhadivasassstops 1801 i Big. 13:in FeyBVDIréCandirpnabphbrathy ar e

expl anatory views showing two still pictures; Figs. 18(a), 18(b), 18(c),
18(d) and 18(e) ¥wowndn&ig-d¥s showi hg an operation according to the prior

art to repraoguce a sgid lisRk Gf 6w cak lbfaRe ali@ioddtih ¥ iganeratieg prdddes) .

19(b), 19(c), 19(d) a|r$d 19(e) are _diagrams showi ng an operation according
to the present ishownasostep §18ePirtigcts3 ip heilVYD fpreording apperehisssheyNdN audi o

data; and Figs. 30(?%,, 20(b), 20(c), 20(d) and 20(e) are diagrans show ng
an 19- 14,

Fig. 16 is a flow chart of the management information file

generating process shown as step S1304 in Fig. 13 in the DVD recording
10 apparatus shown in Fig. 12;

Figs. 17(a) and 17(b) are explanatory views showing two still
pictures;

Figs. 18(a), 18(b), 18(c), 18(d) and 18(e) are diagrams showing an
operation according to the prior art to reproduce a stilt picture with an

15 audio data,

Figs. 19(a), 19(b), 19(c), 19(d) and 1S(e) are diagrams showing an
operation according to the present invention to reproduce a still picture
with single audio data; and

Figs. 20(a), 20(b), 20(c), 20(d) and 20(e) are diagrams showing an

20 operation according to the present invention to reproduce a still picture

with dual audio data.

Best Mode for Carrying Out the Invention
The preferred embodiments of the present invention are described

3] below with reference to the accompanying figures.

A preferred embodiment of the present invention is described

below with reference to a DVD recording apparatus using DVD-RAM as



20 operation according to the present invention to reproduce a still
picture wth dual audio data. Best Mdde for Carrying Qut the Invention The
preferred enbodi nents of the present invention are dest?idadd00325 bel ow with
reference to the acconpanying figures. A preferred enbodi ment of the

present invention is described belowwth reference E:%F?@g%glecordi ng
appar at us us™ePIBNB- RAM as 1T JAN 2003 WD 99/53694 P 811 11 the

MPEG stream recordi ng nedium 1. Overvi of a normal MPEG stream A nor nal
MPEG stream of audi o-video data is described first 5 below. The structure
of the MPEG streamw ||l be known to those with ordinary know edge of the
related art, and the follow ng description therefore focuses on those
parts havi ng a tpaMREG sHeamseeardigadradiv®o the present invention. As

previ ously noted above, the MPEG standard defines an audi o- 10 video
conpressi on nethod that has been formalized as the 1SOI1EC 13818

i nt ernati onal st.and@werviethef avraithal Mikfasitearthi eves hi gh effici ency data

conpression primrily b Q e ol L.ow d Fidist,
novi ng pi cture dat ah éorwggéea{ra%rﬁnﬂ' guéz'g\r%#%a %%nisg?’tey% coﬁvent i onal
i ntraframe £onERsE] The $HUBYre of tied MPEG sizgarenill bec kaowert tethese witho renove

I ntraframe redundancy, and interfra onpr essi on i ng t |
correl ati ons be?FHE@RY W&W{?gg?o°¢ B}%\E@ateﬁe%ﬁnaaic@% ﬁﬁg‘ﬂﬁ’é’cg%&#ﬁlgﬂe& Even
nore speci fi cal {hyrerbfacioMids orf tiitdasitsCiRairge 8 SRstidum fedationshiprte that a by

first categorizing each 20 frane (also referred to as a picture in MPEG
parl ance) as anprespmdovandion(intra-coded frane), P picture (a

predictive-coded fragg, Lighs) Hofi@5ve, the MPEG standard defines an audio-

10 video compression method that has been formalized as the ISO/IEC
13818 international standard.
The MPEG standard achieves high efficiency data compression
primarily by means of the following two features.
First, moving picture data is compressed using a combination of
15 conventional intraframe compression using a spatial frequency
characteristic to remove intraframe redundancy, and interframe
compression using temporal correlations between frames to remove
redundancy in adjacent frames. Even more specifically, the MPEG
standard compresses moving picture data by first categorizing each
2 frame (also referred to as a picture in MPEG parlance) as an | picture
(intra-coded frame), P picture (a predictive-coded frame that is coded
with reference to a preceding picture), or a B picture (a bidirectionally
predictive-coded frame that is coded with reference to both a preceding
and a following picture). '
25 The relationship between I, P, and B pictures is shown in Fig. 3.
As will be known from Fig. 3, P pictures are coded with reference to the
closest preceding | or P picture, and B pictures are coded with reference

to the closest preceding and following | or P pictures. As also shown in



with reference to a preceding picture), or a B picture (a bidirectionally
predictive-coded franme that is coded with reference to both a preceding
and a follow ng picture). 25 The rel ationship between |17RANang B pi ctures
is shown in Fig. 3. As will be known fromFig. 3, P pictures are coded
with reference to the closest preceding | or P picture, and B pictures are
coded with ref%M¥ to the closest preceding and fol | FaHe*P8Yr p
pictures. As also shown in 11'7 JAN 2003 140 99/ 53694 PCT/JP99/01811 12
Fig. 3, the picture display order and the Coding order of the conpressed
data are different because each B picture is also dependent on an | or P
picture that is presented after the B picture. The second feature of MPEG
conpression i s diigadi the(rietdiendjpplag ofdarsand thecedinsnonder pf thegamriastedbased on

i mage conpl exity ch?w .' f i he
| nput data st reaﬁté%ﬁ%/gﬁgéenrg&%?%ggea argﬁ'd(‘%r}%ﬂ% r"i"g%6 %pg{egfdgﬁtz@ ?{] I‘llggplt S, nore
data) to be all opistuealtitad is presepited aftedtherBhgieburehat are nore difficult to

. MPEG al t G audi t.e NPE ' 10
tandard for audi o ddl EoNE PEUFOAMRER EATRGIFRY B QAL dzpdrel
addi tion, hoxevegata Mifocatfdrt By HIGAAY Rt IHiRel Sth Ahage cbMplexity AR MPEEs of

audi o encoding for specific applications. The present invention allows for
two types of audf@rodar Hagn@bdnriy, buffasator; storing, 18Rl iRBUtnARYR 8Be2Mc dMH essi on

and encoding wt i~gat ; i : | Be Silscted e et hods
W th data conpr egrg%gcl)'ﬂg%nlgfggﬁgoﬁ/g%a?33%‘?%?\%%0@%@{ e{Fi?;tajlfgfygi tall (AC 3);

| i near pul se codeomplinatedditriagas thav@kg mose difficuitip compaessi o encodi ng wi t hout

GaLS jcomression, Dok MBS AUECh ebglfh uPEQ SO0, |
frame unit basi sstaabaddofoglautiibedatanigebafefrotiugsat with insovireg pacsurgrdata. he
addition, however, MPEG also supports the use of various other types of
audio encoding for specific applications.
The present invention allows for two types of audio data encoding,
that is, encoding with data compression and encoding without data
15 compression. Exemplary audio encoding methods with data compression
include MPEG audio and Dolby(R) Digital (AC-3); linear pulse code
modulation (LPCM) is typical of audio encoding without data
compression. Both AC-3 and LPCM are fixed bit rate coding methods.
MPEG audio can select from among several different bit rates on an |
2 audio frame unit basls, although the range of bit rates is not as great as
that available for video stream coding.
| The MPEG system then multiplexes the encoded moving picture
data and audio data into a single stream, which is referred to as the
MPEG system stream. This multiplexed moving picture data and audio
25 data Is commonly referred to as AV data.
The structure of the MPEG system stream is shown in Fig. 4. As
shown in Fig. 4, the MPEG system stream is a hierarchical structure of

packs and packets containing a pack header 41, packet header 42, and



that avail able for video stream codi ng. The MPEG system then nul ti pl exes

t he encoded noving picture data and audio data into a single stream which
is referred to as the MPEG system stream This nultiplexed nmoving picture
data and audio 25 data Is *commonly referred to as AV dat@N 3k structure
of the MPEG system streamis shown in Fig. 4. As shownpi mﬁ&l@su‘l’ t he MPEG
syst em st r eanVPI9&6Hj er ar chi cal structure of packs and packets contai ni ng
a pack header 41, packet header 42, and 143 JAN 2003 WO 99/53694

PCT/ JP99/ 01811 13 payload 43. The packet 1s the smallest multiplexing
unit, and the pack is the smallest data transfer unit. Each packet

conpri ses a packet header 42 and payload 43. AV 5 data is divided into
segnents of an &EﬂPBBﬂPate size starting fromthe beginning of the AV data

stream and these daf S&KEEN thAbRafd ithipBxing i ankoRd rhdk idfike packet
header 42 contains a streamID for 1dentifying the type of data stored to

t he payl oad 43, smadiest datatransfanynit.used for reproduci ng the data contai ned

in the payl oad 43. T%A%yéé'%gt %g’t"?hgggoFi[5§a°%1oh§%§e?rg‘b%’“ﬁégp‘?%§lmz4gwi si on.

Data types identifie eam I'nc ure and audi o.
The time stgnp idaed iddividedointo segiaentdi ofgart iappropriatey sipé Stantidg frars dhe at i on

time stanp PTS. The  decodi I.me stanmp Sis.qmtted en decqdi ng and
presentation o@@}nnmgrm|t€32&oégtﬁﬁreaghW&E“%ﬁ%ﬁ&gp@?"%r SS%{SE Wypically
contains a plurahétyayidadoagketfe pgakéthinsadérelsgr eomtainemaodtreamt IDf for he
present invention, however, oneéi)ack contai ns one  packet. Thus, one pack

conprises pack fdeniéring ihexpreHdata shed ‘?é‘?ﬁrﬁ?Y‘gF‘f‘ld%QEﬁ&ti'ﬁ%aﬁé@Ppﬂ and
payl oad 43) as sigWhol Redrblucify ' @abAEEnARRESH the SR8 B9, Fhisy@hem cl ock

reference SCR .
10 stamp is expressed with 90 kHz precision. Data types identified by the

stream ID include moving picture and audio. The time stamp includes
both a decoding time stamp DTS and presentation time stamp PTS. The

decoding time stamp DTS is omitted when decoding and presentation

occur simultaneously, as with audio data.

15 A pack typically contains a plurality of packets. In this preferred
embodiment of the present invention, however, one pack contains one
packet. Thus, one pack comprises pack header 41 and one packet
(comprising packet header 42 and payload 43) as shown in Fig. 4.

The pack header 41 contains a system clock reference SCR

.9 expressing with 27 MHz precision the time at which the data in that pack
is input to the decoder buffer.

A decoder for decoding the above-noted MPEG system stream is
described next below.
Fig. 5 Is a block diagram of a model MPEG system decoder

25 (P_STD), particularly showing the detail of decoder 16. Shown in Fig. &
are: a system controlier 51 with a system time clock STC, an internal
reference clock for the decoder; a demultiplexer 52 for demultiplexing,

that is, decoding, the system stream; a video decoder input buffer 53;



20 expressing with 27 MHz precision the time at which the data in that pack
IS Lnput to the decoder buffer. A decoder for decodi ng the above-noted MPEG
systemstreamis described next below Fig. 5 is a blogh g m of a
nodel MPEG system decoder 25 (P_STD), particularly show ng the detail of
decoder 16. Shown in Fig. 5 are: a systemcontroller 51 Wt h a systemtine
cl ock STC, anwosesdmal reference clock for the decoder ;PSR TRPEMt | pl exer 52
for denultiplexing, that is, decoding, pg system stream a video decoder

i nput buffer 53; 17 JAN 2003 WD 99/53694 PCTIJP99/01811 14 video decoder
54; a re-ordering buffer 55 for tenporarily storing | and P pictures in
order to absorb the delay between the display order and decodi ng order

t hat occurs bet widao decoddr 54,08 ce-grdesinguffen 85 demptempornarily BtasingtliangsP a

switoh 96 for adidstden b O dHerSSAWSARE BLVERE the FaoB)dudePaict ur s

in the re-orderi an audi o I"'Mpu and an
audi o decoder 58.1ec$h|ag(nwerah'abuc«m's bbiweeNRERdSH platired anddhe dabemdqmtocesm ng

an MPEG system streami s de When the tine i ythe
STC 51 et whee (RBICGT oY P UIILRS o poNshBG SHF sulget SeduieBra el . B3

header, the gor rﬁmmes ﬂ’gtHé%koerﬁﬁ%er'w@% i détodsrHplt Bufﬁarew 52 Not e
t hat the STC5H51 is initialized tot system cl ock reference SCR at the

first pack in tHndAaLHe dpeqd@nS8The denul tipl exer 52 then interprets the

stream D in the packel Jhgafeh ordfid MPEGTGERRD dblSih el oflaleind gn' e

decoder buffer appropriate to each tiplexer al so
extracts the prddBRGaystem stremns;xmnbéﬂ'ﬁe:and decoding tine starrp DTS. Wen

the tine indicated by,the SIC %th g tinme sta tch,
the vi deo decoder 54%353@9 Sr?d'" '&?Qe e &‘ﬁeglgéf %Ic?ﬁﬁ g'eferB @ i deo
buf fer 53. 10 t hefetessedS8OR recorded in a pack header, the corresponding pack must
be input to the demuitiplexer 52. Note that the STC 51 is initialized to the
system clock reference SCR at the first pack in the system stream. The

demultiplexer 52 then interprets the stream ID in the packet header, and
transfers the payload data to the decoder buffer appropriate to each

15 stream. The demultiplexer 52 also extracts the presentation time stamp

PTS and decoding time stamp DTS. When the time indicated by the STC

51 and the decoding time stamp DTS match, the video decoder 54 reads

and decodes the picture data from the video buffer 53. If the decoded

picture is a B picture, the video decoder 54 presents the picture. If the

2 decoded picture is an | or P picture, the video decoder 54 temporarily

stores the picture to the re-ordering buffer 55 before presenting the
picture.

The switch 56 corrects the difference between the decoding

sequence and the presentation sequence as described above with

25 reference to Fig. 3. That is, if a B picture is output from the video

decoder 54, the switch 56 is set to pass the video decoder 54 output

directly from the system decoder. If an | or P picture is output from the

video decoder 54, the switch 56 is set to output the output from the re-



picture is a B picture, the video decoder 54 presents the picture. If the
20 decoded picture is an | or P picture, the video decoder 54 tenporarily
stores the picture to the re-ordering buffer 55 before pzeﬁ\gnfo'bang t he
picture. The switch 56 corrects the difference between the decodi ng
sequence and the presentation sequence as descri bed above with 25
reference to MQPYs¥¥4 That is, if a B picture is output FFIHPPREi deo
decoder 54, the switch 56 is set to pass t e vi deo decoder 54 out put
directly fromthe systemdecoder. If an | or P picture is output fromthe
vi deo decoder 54, the switch 56 is set to output the output fromthe ret 7
JAN 2003 WD 99/53694 PCT/JP99101811 15 ordering buffer 55 fromthe system
decoder. It shoubwereg hutferds fiem the pysdemdesodelnnot be si mul t aneously

decoded and present egy ?ﬁg@usgetn{iﬁgi %prle_pmgnggnm?et lﬁszmgﬁéjfé?qFlzed to

correct the differences between e decoding order an play order.
Even if no B pi ctescieda@adppessented rbechuses yihee picttnee saeguendeermausts ba del ay

of one picture, that ig, ane vigdeo.franme period,,.between i ctur ecodi ng
and presentati on'.’“é‘%?ﬁeﬁé? cored tgﬁg‘f r%fécgsﬁ’g%mt@éecf’ﬁ’é‘géﬁ roarl?gtggder 58
al so reads gnd drpryasidemnEvandf aofB plituret aiatpredar®in the spstenostiusni er 57

when the 10 tine 1 ndicated by the STC 51 and the ‘presentation tine stanp

PTS match (note eER I AsklRY o ong RigtkEsaitha) it oRe YdapfrapePesiods BRWEER t he

audi o strean. I\/Bﬁ@rgyﬂggm%%@ FaseHiatibp! €xing is described next with
reference to Fig. 6. Fig. (a? shows several video franes, Fig. 6 (b)

represents the 15 visimiarmifortbe videgtdecoserg4, dhe sydioiignedarts AFEGadEst em
LTS 2, gl oA B0, R B A o il 2o
figure. The10 time indicated by the STC 51 and the presentation time stamp PTS
match (note that there is no decoding time stamp DTS present in the
audio stream).
MPEG system stream multiplexing is described next with reference
to Fig. 6. Fig. 6 (a) shows several video frames, Fig. 6 (b) represents the
15 video buffer state, Fig. 6 (c) shows the MPEG system stream, and Fig. 6
(d) shows the audio signal (audio data). The horizontal axis in each
figure represents the time base, which is the same in each figure. The
vertical axis in Fig. 6 (b) indicates how much data is stored in the video
buffer at any given time; the solid line in Fig. 6 (b) indicates the change
X in the buffered data over time. The slope of the solid line corresponds to
the video bit rate, and indicates that data is input to the buffer at a
constant rate. The drop in buffered data at a regular period indicates that
the data was decoded. The intersections between the diagonal dotted
lines and the time base indicate the time at which video frame transfer to

25 the video buffer starts.

2. Problems with a conventional MPEG stream

Digital cameras using a conventional MPEG stream as described



vertical axis in Fig. 6 (b) indicates how nuch data is stored in the video
buffer at any given tine; the solid line in Fig. 6 (b) indicates the change
20 in the buffered data over time. The sl ope of the sof pdani corresponds
to the video bit rate, and indicates that data is input to the buffer at a
constant rate. The drop in buffered data at a regul ar per. gpc;w{ngl cates that
the data was WOCHHEM. The Intersections between the di aé'SH Yted Iines
and the tine base indicate the tinme at whygh video frane transfer to 25
the video buffer starts. 2. Problens with a conventional MPEG stream

Di gital cameras using a conventional MPEG stream as described 17 JAN 2003
WO 99/53694 PCT/JP99/01811 16 above are not believed to be presently

avai |l abl e as congRaveiai® ngt beliaved to bé@mﬂbﬁvﬂil?@lﬁ)%GP@W'@!@EE"P?H@*& bel ow.

For the conven u9$ Jf e 8F§Hlér§¥“d@9crfb%§%él&&/' RO ti{?%ﬁxﬁ‘éphedch fStner ei n

assuned t hat th ypot het | Ital canera exis e re atlonshl p
bet ween t he reprfoﬂmmgdeso'pmoat hwe\m’r itis HdPéits assumedi thatdbis dypotheticali s

hypot heti cal di gi, canera_.and the various tine stanps (STC, PTS, DITS) is
descri bed first ?ﬂ GROER 8’1‘1’%’@ to Figs. 17 and 18. Note that the decoder

i s assunmed t® be conThesektiosshibetwebi the geprodudtiod. opefalisn used MIPEGescr i be
t he operation for rqeﬂgodum nrg data 10 captured by the digital canera on a
tre( fi M

personal conput ef ecoger i3 thispyaetpelcal digitah cawera apd éfhe VAdOUsCli®espl ay i s
shown in Fig. 17spbs (sf’boﬁﬁs#érgﬂg dRBER R st Wil Réffenca t #1 tg7igmpge files

di spl ayed on the screen in f'ormof i1cons. In a graphical user
interface (GU) tﬁjdwlaéhat\tﬁmmeeﬁ qsmme@tmbasommrlma#ShmlrbElgpSesent ed

as thunbnail 15 sket Rﬁs ﬁfm \Aﬂi can clic n using a
nouse or ot her poi I’lt%l gﬂdev?u(sfgaq e%%&q[ %Bg agéﬂtfortrﬁgmfdluf; 9 ent
correspondi M@y t ocdpteredhby oiye apigitaln@amess odl iac kerskonal onthiusg! @lycngAhhe
exemplary screen presented on the PC display is shown in Fig. 17 (a).
Photo #1 and photo #2 represent separate image files displayed on the

screen in the form of icons. In a graphical user interface (GUI) such as
Windows 95 (R), photos #1 and #2 may be presented as thumbnail

15 sketches, for examples, which a user can click on using a mouse or
other pointing device. The PC then presents the file content
corresponding to the photograph that was clicked on by displaying the
image on screen and outputting the audio from a speaker connected to
the PC. Fig. 17 (b) shows the content displayed for photo #1 and photo

2 #2 in this example.

When a user clicks on photo #1 in Fig. 17 (a) in this example, still
picture #1 is presented on screen, and audio #1 is output from the PC
speaker, as shown in Fig. 17 (b). Likewise when the user clicks on photo
#2, still picture #2 is presented on screen, and audio #2 is output from

2 the PC speaker.

The relationship between decoder operation in this hypathetical
digital camera and the various time stamps when photo #1 is reproduced

is shown in Fig. 18 and described below.



| mage on screen and outputting the audio froma speaker connected to the
PC.-Fig. 17 (b) shows the content displayed for photo #1 and photo 20 #2
in this exanple. Wen a user clicks on photo #1 in Fig.117ANado3i n this
exanple, still picture #1 is presented on screen, and audio #1 is output
fromthe PC speaker, as shown in Fig. 17 (b). Likew se when the user
clicks on phot8%394 stil| picture #2 is presented on sEFEEPPE8NG audi o #2
is output from 25 the PC speaker. The reglationship between decoder
operation in this hypothetical digital camera and the various tinme stanps
when photo #1 is reproduced is shown in Fig. 18 and described below. 7 7
JAN 2003 WD 99/ 536%4 PCT/ JP99/ 01811 17 The video output, still picture
#1, and audi o out put' MediffoeutRYt, SHY Pictuedtly @nd audie putphbtavdior# hrtBakhown i n
Figs. 18(a) and 1t 1ol @%8 an [ e data
stored to the v?r&%‘h %tfflﬁgrgﬁ%tglﬁ]g)e sétu |olj'.'bltéjl }'efétgyaggqgw{ Iﬁg?'c u(tft\ #1 and
audi 0 #1 are degtdd¥ddshowthpahang® iFithe daty( stpreshtovthetvidecpbuffer S8garehce and

time stanps (SCR,qi k i h, pack when oto #1 is stored to
di sc as st ream%q'g&ﬁﬁggﬁ%g sgh%lkfgﬁé ’g‘t E@éa:ﬁlu&ﬁ hf'§ %@f’%ﬂﬁ?@ngloﬁ‘t%‘ﬂoul d be
noted that &hil EBignd8(e3isboms itine paek séquenee ahbaindl Stampd (STFS RIY$ pteyed in
t he packet head ri bed above. 10 It wll also be

obvi ous to one %BE%'B%%H&%ES‘E‘%P%%EP?% stared o Aise as sHgamdti moidhl v f our

vi deo packs andistawMREG SreRaArinthRIéxafipn for sinplicity, there are
actually nore than 100 audi o packs and vi deo packs each because each pack

is a maxi oum 2 KB. YrRboHER atedithat while pati shewsfintthe Sighsep theh BT Bcardd di gi t al
camera 15 starPes ave SQRGH RanbacRANEadEPBf 4chshdkBt 8¢ LEELHKES SE008N TN FI O

18(e) to the demultiplexer 5
10 It will also be obvious to one with ordinary skill in the related art that

while only four video packs and two audio packs are shown for simplicity,
there are actually more than 100 audio packs and video packs each
because each pack is a maximum 2 KB.

The reproduction operation of this hypothetical digital camera

15 starts by sending the packs contained in stream #1 shown in Fig. 18(e)
to the demultiplexer 52.

As shown in Fig. 18(e), stream #1 is multiplexed with the packs in
the following sequence, starting from the beginning of the stream: video
pack V1, video pack V2, audio pack A1, video pack V3, video pack V4,

20 audio pack A2. The pack header of each pack contains a system clock
reference SCR, which indicates the timing at which that pack is input to
the demultiplexer 52. In the example shown in Fig. 18, time t1 is stored
to system clock reference SCR #1 of video pack V1, time t2 is stored to
SCR #2 of video pack V2, time t3 is stored to SCR #3 of audio pack A1,

25 time t4 is stored to SCR #4 of video pack V3, time t5 Is stored to SCR #5
of video pack V4, and time 6 is stored to SCR #6 of audio pack A2,

The PTS and DTS are also written to the first pack of each picture.

Time t7 is thus written to PTS #1 of video pack V1, and time t6 is written



As shown in Fig. 18(e), stream#1 is nultiplexed with the packs in the
fol I-ow ng sequence, starting fromthe begi nning of the s{i %@1 0\5' deo pack
V1, video pack V2, audio pack A, video pack V3, video p N A?U 20 audio
pack A2. The pack header of each pack contains a system clock ref erence
SCR,” which indicates the timng at which that pack is mPéljlt 4

dermul ti pl exer ¥99%3#4t he exanple shown in Fig. 18, tinme I'S s% ored to
system cl ock reference SCR #1 of video paglg V1, tine t2 is stored to SCR
#2 of video pack V2, tinme t3 is stored to SCR #3 of audi o pack A, 25 tine
t4 is stored to SCR #4 of vi deo pack V3 tirre t5 Is stored to SCR #5 of

vi deo pack V4, and_tine CR_#6 of audi o pack A2. The PTS
and DTS are al so °V\PT§t%1n "ﬂ‘ﬁettﬁét mer ETS[ﬁi\ngﬁﬁ %'écwep’f%‘ﬂ%f%r evefy Yif8o7 | s

thus witten to B ifila Blctiré I8 BRCHeMtore M wiritfdh thGarlySolMthé Filst videb JAN
2003 WD 99/53694 PCIT/J 99/ 01811 18 to DIS #1. Note that the PTS and DTS

are the sane forpaskery video pack in a picture, and are therefore not

witten to any but tl‘.m ff-’f§t|sv\kt‘i’t? ten%(y Et}é P}%Q sTPMr ftoggnm]hg tilv[,asry audi o

pack. Therefore, tine B7 1% or au and
time t9 is wsitt@ritte tdPPBSHA ﬁoﬂbudlauﬂ!cb Ataakd Aithe ﬂ!iosewntfemrtbrfews #2hat t he

PTS is witten and, the i o] ted u pack beca PTS and
DTS are the sarrea‘l“ﬂ%ﬁ?‘:l?dg?d'@mﬁag‘wﬁhefhg’aéf@e § & tgp ?”‘ﬁé’et ift}%t Ke val ue
of SCR #1 in vi dgMittecimkaldlo pabiad be@ausbhaefprﬂn@em*s lafe ®id e&fe #d anand each
pack in the stream 10 #1 is then input to the demultiplexer 52 at the

i ndi cated by t headiR Ragkythe STG ﬁe’eﬁa’cﬂ‘ treader theTrRluerh SER 8% BYHRA? 1n Fig.

18(e), video pac Ufh ot el I t tl,
then vi deo pack (4 B hare ol et plty AT, SHEloaRf phLk FLine stieB 12 15

video pack VB i s#i igpimendnput terthet demulliplexer iz qjabkmdﬂcat@d bntha SGR veiuee t 5,
and audi o pack A2 tlh% p'a@PHEac?ér tinme t8. Video
Therefore, as shown In Fig. 18(e), video pack V1 is input to the

demultiplexer 52 first at time t1, then video pack V2 is input at time t2,
audio pack A1 is input at time t3, video pack V3 is input at time t4, video

15 pack V4 is input at time t5, and audio pack A2 is input at time t8. Video
packs.input to the demultiplexer 52 are then output to the video buffer 53,
and audio packs are output to the audio buffer 57.

The second part of the reproduction operation of this hypothetical

digital camera described below is the data decoding and output
20 opseration of the video packs output to the video buffer 53.

As shown in Fig. 18(c), while there is an ignorable delay between
the video packs output from the demultiplexer 52, the video packs are
accumulated to the video buffer 5§3 at the system clock reference SCR
timing, that is, at time t1, t2, t4, and t5. Still picture #1 comprises video

25 packs V1 to V4. As a result, all video packs constituting still picture #1
have been stored to the video buffer 53 once video pack V4 has been
stored to the video buffer 53. As shown in Fig. 18(e), the decoding time
stamp DTS of still picture #1 comprising video packs V1 to V4 is time t6.



packs input to the denmultiplexer 52 are then output to the video buffer 53,
and audi o packs are output to the audio buffer 57. The second part of the
reproduction operation of this hypothetical digital qamgsa2escribed bel ow
is the data decoding and output 20 operation of the video packs output to
the video buffer 53. As shown in Fig. 18(c), while ther C,lj”%g%&{gnorabl e
del ay bet weerWO¥§8%4,i deo packs out put fromthe denul tipléexer é t he video
packs are accunulated to the video buffigy 53 at the systemclock reference

SCR timng, that is, at tinme t1, t2, t4, and t5. Still picture #1
conprises video 25 packs V1 to V4. As a result, all video packs
constituting still picture #1 have been stored to. the vigleo byffer 53 once
vi deo pack V4 The detdgccynygated toothenwdes duien gt is thargforgs es‘?‘?ﬂﬁﬁli BYn Fi g.

18(e), the decggli | ; T Ivh ke A I bsfkgrg vi deo
packs V1 to V4%|a§8?| ie%r%@éé SJHH%A@ %gghﬁv%éésgﬁggﬁggiﬂ)ﬁc%ﬁggg 0181% 19 The

dat a accunul at ébrely inbreasingdbe buditable BJfer saparityef or e decoded by vi deo

decoder 54 at tinme_t6, . an h ta, is,.clea f L er,
t her eby i ncreasing hr?e"jezf\‘?g?ﬁE ¥§F§ap3§¥fd étra %fgsg‘i{ ?‘it%eqﬁghg%\eg%'g@g&w Xfeo pack
data of stil| pesddedel Pitturé isstaradite rerorierifipduffer 66c edads bulput frame i s

stored to re-ordering buffer 55, _and is output from the decoder at PTS
time t7. Note thageqader ahRiTHEECSAt ation tine for still picture #1 is not

defined by an MPEG \gdb et ithdrondt ?f&%ent‘éﬁoﬁ ik $bit stilprpi6tars &1 mnnot ypi cal |y
ends when reproduction of the next MPEG stream begins, or 10 when vi deo

output is termidefinedl kyyan MBEG sireadntimAdsiaam Ao & FRsulty RI8EHAYMBm anot her
appl i cation or tﬂif%’éllﬁyleend-gh h@ﬁ(?ﬁhﬁu&m"%_ e fdx¥-MPES dthainebepnssbows

present ati on of pircture continuing even after tine t10, the tine
at whi ch aadi o whenpviieenaldputTrse terminadechdyt aotontiiek commansusentol? difer at i on of
this hypotheti Cdaelcoder from another application or device. The example shown in Fig.

18 therefore shows presentation of still picture #1 continuing even after

time t10, the time at which audio output ends.
The third part of the reproduction operation of this hypothetical

15 digital camera described below is the relationship between the time
stamps and the operation whereby audio pack data output to the audio
buffer 57 is decoded and output.

As shown in Fig. 18 (d), the audio packs output from the
demultiplexer 52 are stored to the audio buffer 57 at time t3 and t8, thus

20 increasing the amount of data stored to the audio buffer 57. Unlike the
video data, the PTS and DTS are the same in the audio data. As a result,
audio data is output at the same time the audio decoder 58 [57, sic, and
below] decodes the audio pack data. More specifically, the audio pack
A1 data stored to audio buffer 57 is decoded by audio decoder 58 at the

25 presentation time stamp PTS, i.e., time t7, and audio output begins. The
audio pack A2 data stored to the audio buffer 57 at time t8 is then
decoded and output at the PTS, that is, time t9, by audio decoder 58,

The time that data can be stored to each decoder buffer is also



15 digital canmera described belowis the relationship between the tine
stanps and the operation whereby audio pack data output to the audio

buffer 57 is decoded and output. As shown in Fig. 18 (AW, JA&udi o packs
output fromthe denultiplexer 52 are stored to the audio buffer 57 at tine
t3 and t8, thus 20 increasing the anount of data stored tQpebdig2uUdi O
buffer 57. UnMo%®&¥He vi deo data, the PTS and DTS are the Same In the audio
data. As a result, audio data is outputp@t the same time the audi o decoder
58 [57, sic, and below] decodes the audi o pack data. Mre specifically,
the audio pack Al data stored to audio buffer 57 is decoded by audio
decoder 58 at the 25 present ation tine and audi o

t TS, i.e., ti t7,
output begi ns. lmHted g e MPBEISYELR At S i’f”?)tﬁgdf??)c 'héﬁﬁlfd‘ﬁlﬁr%d?‘?"é?g 57 at

time t8 1is therblctdﬁece%d m&' rﬁéléremhailtthtehﬁaﬂﬁm idifdrende Hetwderi Ine by audi o
decoder 58. The tine that data can be stored to each decoder buffer is al so

----------- tramfeerN\ezqu simuitanesgely sutpot agdigandvdee deta, thahis dd@ i n t he
NPEG system T%éxlln'umé afer%‘ﬁge E tsBEor Howdve oy | @%y &?Tdeéﬁ% gnélata. This

means that the maxi rrum vveen t he trdns er 't

simul t aneows!| y timié paniuirad(tb cacmdm“ thedekaodmaamay Blsb dceyr.t he  nmaxi mum SCR
difference, is | second. However, a delay equal to the 5 tinme required to
reorder the video data may al so occur. 3. MPEG stream probl ens Through

years of researgh annbgjpyteéawammemg he i nventors have identi fi ed and
or gani zed probl ens [[%r esented by the conventi onal m descri bed

above with respect fBraygh H@af%éf fRsear<d: aReh Apysiorment; gfec énveg qrf aiﬂ? cture
canera. As not &g ﬁt‘ﬂ% Veand 6@ aMRES pPoti REpRIsERAM KOHeAdhTeliichd MIRE@ and  the
Wi

audi o data presen th that video data nultiplexed into a single
10 stream described above with respect to using the MPEG stream in a

digital still picture camera.

As noted above, the MPEG system stream contains video data and
the audio ‘data presented with that video data multiplexed into a single
system stream. Editing this system stream to change the audio

15 presented with a particular video image is therefore difficult once the
audio and video streams have been multiplexed into a single system
stream. This means that when a digital camera uses an MPEG stream to
encode and store a still picture and the audio recorded when that picture
was taken to a recording medium, it is difficult to later edit the audio to

20 replace the audio recorded when the picture was taken with a different
audio signal.

Referring to the example shown in Fig. 17, when photo #1 is
captured by a digital still picture camera, photo #1 is recorded by the
camera to a disc or other recording medium as an MPEG stream

25 multiplexing still picture #1, that is, the still picture data, and audio #1,
that is, the audio data captured at the same time. The resulting MPEG
stream thus comprises multiplexed video packs and audio packs as

shown in Fig. 18(e). As a result, after the user takes a picture, it is



system stream Editing this systemstreamto change the audio 15 presented
with a particular video image is therefore difficult once the audio and

vi deo streans have been nultiplexed into a single systé&mhJAt8am This
nmeans that when a digital camera uses an MPEG streamto encode and store a
stil'l picture and the audio recorded when that picture S/%e‘n to a
recordi ng nmed™emp’s¥4 is difficult to later edit the audlpgwtwc? repl ace the
audi o recorded when the picture was takep,wth a different audio signal.
Referring to the exanple shown in Fig. 17, when photo #1 is captured by a
digital still picture canmera, photo #1 is recorded by the canmera to a disc
or other recording nediumas an MPEG stream 25 nultiplexing still picture
#1, that is, theffisuitite changethe aydicadatasl Phalei#! fram aqdrfa#1 te a diffRreadi o dat a
captured at the aSHIE & . The resulting MPEG stream thus conprises

mul ti pl exed vi ded pa(? s and audi o packs as shown in Fig. 18(e). As a
result, after the uJbpughakifficult, phe fallowing threg metRodsARf 20i%igg the aydicc3694

PCT/ JP99/ 01811 %j}‘ﬁé?tl fficult tp chanﬁleabEFhe audi o data of photo #1 from
audio #1 to a dFFPA"ERICCOLYNP 8 EFYIE ™ Phough difficult, the foll owi ng

three methogs of1)edidenaeats hq:larltdlyoof MIPEG stiobis, secromditipiexiniethecride vabl e. 5
(1) Generate a plurality of MPEG streans, each nmultiplexin e video data
(t he phot ogr aphdgtadthe Ph%?Q’FHP%d gt H)ctWtdﬁtadﬁ’@”b?”%°gPLFrl'*§laﬁ'ty FdR,di o

data streans thgh MdttHimsPthati HRghtVbd bsé@%mltﬂeqnélﬁi datadRfld re6&ICaiRbf  Of
these plural MPEG streans to the recording medium This method means that

in the exanpl e tesanpliural IMGEGL8treamaulthdie apcadingr madiusnd hisp medaech
containing the ﬁ%g%\%ﬁ%:%ﬁ&ﬂ%ﬂ u“’ 98t a5l %o?'atr%fr steding, packs,

is recorded in a fon to sire nFlg There I's’ a limt
to the nunber obadiPEtatainirgate dame vidao placks butoa diftbremtossdeation of audio

packs, is recorded in addition to stream #1 shown in Fig. 18(e). There is
a limit to the number of MPEG streams that can be recorded, however,

because the storage capacity of the recording medium is also limited.

More particularly, however, it is not practically possible for the user to
15 record at the time the picture is taken all audio data that might be
desirably combined with the still picture.
(2) Decode the MPEG stream during editing to separate the still
picture data from the audio data, and then re-encode the system stream
with the still picture data and the new audio data. This method, however,
Y. 9] requires system stream decoding and encoding each time the audio is
edited, thus Increasing the required editing time. The entire system
stream Is also stored as decoded (uncompressed) data, thus requiring a
large amount of memory in the digital camera.
(3) Record the video stream and audio stream as two separate
5 (unmultiplexed) streams, and determine what audio stream to use with.a
particular video stream at the time of reproduction. This method makes it
possible to add audio data after recording a stili picture to the recarding

medium, and then reproduce the added audio data when reproducing the



because the storage capacity of the recording mediumis also linited. Mre
particularly, however, it |Is not practically possible for the user to 15
record at the tine the picture is taken all audi o data tthaanggght be

desirably conbined with the still picture. (2) Decode the MPEG stream
during editing to separate the still ©picture data fromé_l]gj&ggﬁmjo data, and
then re-encod¥ PH¥IS5ystem stream with the still pi ct ur ETEERPRhd the new

audi o data. This nmethod, however, 20 reqyy res system stream decodi ng and
encoding each tinme the audio I's edited, thus Increasing the required
editing tinme. The entire system streamls also stored as decoded
(unconpressed) data, thus requiring a |arge anount of nenory in the

di gital caner astilfBictuRecord the vi deo stream and audi o stream as two
separate 25 (unnultipl exed) streans, and determ ne what audio streamto
use with a particular video streamat the time of reproduction. This

met hod makes it poEs lnventars aafd theu resemhitiaveritionr haee orsgidniiea a9PYe | picture

to the recordin j\u and t.hen r ' when

repr oduci ng th@%i“gf%-‘mmf@% SPV\ES%Q}VS%%%%% }%B?g‘f@g‘i gZQSn?éﬁb pi cture.
The Inventgrs @hdtdppaiites fittrepddastingawo MPEGUstexinishstoadibseparaetynoml ( 3) .
Mre specifically, the present invention prqvides a thod 5 and,apparatus
for reproduci ndigowes teeighsthedafre 21 '\ég%ér%tf%ﬂ'? ‘ﬁﬁ’e%las °’H§n$‘mﬁ‘1gh t hey
are a single I\/Pmétdreg@ggrusi ng a conventional MPEG decoder. MPEG stream
according to the present invention 10 To achieve the present invention by
using a conventional decoder to reproduce tw separate MPEG streans, one
for still pict , RS e M HRbAioRS NOted above, it is
necessary to d [ proce 16 two MPEG streans as a single
system stram To achieve the present invention by using a conventional decoder

to reproduce two separate MPEG streams, one for still picture data and
one for audio data, as noted above, it is necessary to drive the decoder

to process the two MPEG streams as a single system stream.
The first problem to be overcome in processing two MPEG streams

15 as though they are a single system stream is that a discrete time stamp
is assigned to the two streams. When the two streams are processed
continuously as one stream, contradictions such as a discontinuity
between the time stamps assigned to the two streams can occur.

While the time stamps in the MPEG stream are muitiplexed into

2 the data, the initial time stamp value (the first system clock reference
SCR in the stream) in a normal MPEG stream is not defined by the
MPEG standard. In practice, therefore, the encoder assigns a specific
value.

It will therefore be obvious that there is no continuity or correlation

25 between the time stamps assigned to MPEG streams generated by
different encoders. Assume, for example, that encoder A generates an
MPEG stream A encoded with an initial SCR of 0, and an encoder B
generates an MPEG stream B encoded with an initial SCR of 1000. The



The first problemto be overcone in processing two MPEG streans 15 as
though they are a single systemstreamis that a discrete tine stanp 1is
assigned to the two streans. Wen the two streans are plpcans

continuously as one stream contradictions such as a discontinuity between
the tinme stanps assigned to the two streans can occur. Wile the tinme
stanps in t hewdMPB®B9tream are nultiplexed into 20 the Hﬁf’g?gﬂ{lﬂ initial
time stanp value (the first system clockzgeference SCR in the strean) in a
normal MPEG streamis not defined by the  MPEG standard. In practice,
therefore, the encoder assigns a specific value. It will therefore be
obvious that there is no continuity or correlation 25 between the tine

stanps assi gne@CGRoMpERs Rask ifs sijedre Ads &J0BYO0027 tNHE t Heige RleMb1Z) Assune,
for exanple, th icaqgg%iaqrthé‘nggﬁg Brétdqh (z?%@zﬁkfaegge,rﬁe&%m%mth an
er genérates an NP

initial SCR of "0, and an enco G stream B encoded with
an initial SCR27fMHBGRcK TIStrezims AABh® BGEe taNGe eontireeodlypracessodbgtsa 1 23 SCR

of the last pack in stream A is 27000000 7. .Mz). Her M—im

| ndi cat es t hat d(eﬁed?fu%érs‘Bégc%'cﬁaHb Qf?scmg—é)u'ﬁys"g&u&soﬂh&ed%éé Ut "U%ing 27
MHz cl ock. g5t eaEB btvedh PedérRi bDsteéans ANkhd URLBbyInRing af strednbB, ahe  decoder
as a single stream A discontinuity occurs in the

] SCRinth%sScase
bet ween the endhefe ist f 4iong, RAFAICIRE that othe Hergdet hargdm Y, ©BRG ®™Phere is a
strong possi bi | j ). hat the decoder hangs up or other error occurs. To
resolve this prc‘):b em a recording apparatus according to the present
invention limts thEovaseles this nrekiem| merespeding apSTRUSPASSOrGNGto e jn t he

System strearms {gle,36 R0 Tl i el S LB RatlbotscRIPTPBRSyL T cam

time code Iim tRIeP ed resen i nvention ar dQSCI‘I bed next
bel ow. 10  in the system streams that are generated and recorded to disc.

The MPEG stream time code limits imposed by the present
invention are described next below.
Fig. 11 is referred to below to describe the time stamps used for
the still picture data system stream ST1 and the audio data system
16 stream ST2 in this preferred embodiment of the present invention.
Fig. 11(a) shows the structure of the system stream for still picture
data, referred to as a video object (VOB). System clock reference SCR1
'is written to the pack header of the first pack in the VOB, and PTS1 and
DTS1 are written to the packet header of the first VOB. SCR2 is written
20 to the pack header of the last pack.
Fig. 11(b) shows the VOB for the audio data system stream ST2.
SCR3 is written to the pack header of the first pack in this VOB, and
PTS3 is written to the packet header.
Fig. 11 (c) shows the sequence in which the still picture data and
25 audio data system streams are input continuously to the decoder during
reproduction.
in order to drive the decoder to process the still picture data

system stream ST1 and audio data system stream ST2 as a single



Fig. 11 is referred to below to describe the time stanps used for the

sti-ll picture data system stream ST1 and the audi o data system 15 stream
ST2 in this preferred enbodi ment of the present inventipp.jakiges 11(a) shows
the structure of the systemstreamfor still picture data, referred to as

a video object (VOB). Systemclock reference SCRL is witten to the pack
header of thew®pwsae4 pack in the VOB, and PTSL and DTSIPEH®* W ten to the
packet header of the first VOB. SCR2 is %/ygitten 20 to the pack header of
the | ast pack. Fig. 11(b) shows the VOB Tor the audio data system stream
ST2. SCR3 is witten to the pack header of the first pack in this VOB, and
PTS3 is witten to the packet header. Fig. 11 (c) shows the sequence in

whi ch the stil sygeot sireanidbe valugs assigneditothesystesy eloekrafereaged iz i nput

continuously to the C r_dulri t t lve the
decoder to proéréé'%e tI sg pgat%??(l?f tl&Bc%\g'r 8{°§j§§gﬁw§f¥?@m é{aerégﬁa?ﬁgfslﬂ é}‘éﬂyeaudi o0 data
system stream Syemsciacisrefgleacd STRIBAN thedBst ViokOT 168 GadioREKA 3pst0r01811 24
system stream the v es assjgned, to tl’be}g/s stem cl ock r.efe CR2 in
the last pack éfreﬁﬁ‘egt#{iw%ﬁ?' (fSedefiiied %%@ﬁh%t(?)egﬁf"ﬁﬂ ,thédﬁéb%gﬂg system
clock refergenceyaidni N the first pack of the audio data system stream

ST2, are limted as defined by equation (1) belowin the present 5
i nvention. SCR2 + T%C?)zSCTBs@éR%ere Tp is the tie required to transfer

one pack to t h%r%‘?&%‘?% thd"Bihé re QR tb't s#éﬁon-glFba_'cﬁ lt@tﬁd déxoBey.| Mdrd rom the

nmoment when one pack starts to "enter the denultiplexer 52 until said one
pack conpl et el yspenifically, Thés adimieperiad frore e memeniSvhereong pagiatiRitsnia el y

e o Do gl tre° BbliBleREF 52 ' daid Bn! FaLPEFHIBGSy bfteifnd Nt TP 19

10 demultiplexer 52. Since the pack merely passes through the
demultiplexer 52, it is also possible to say that Tp is a time period from
the moment when one pack starts to enter the buffer 53 (or 57) unit said
one pack completely enters the buffer §3 (or 57).

it should be noted that equation (1) limits the smallest value that

16 can be assigned to SCR3. SCR3 is often set to zero (0) in a conventional
MPEG stream. A recording apparatus according to the present invention,
however, calculates the SCR3 value from equation (1).

By thus calculating the value of SCR3, SCR2 is prevented from
being greater than SCR3, and the SCR values in each pack of the still

20 picture data system stream ST1 and audio data system stream ST2 are
assured of being in a rising numerical sequence from one system stream
to the next. |

Equation (1) also assures that the difference between SCR2 and
SCR3 is at least Tp. This prevents the transfer timing of the first pack in

25 the audio data system stream ST2 from conflicting with the transfer of
the last pack in the still picture data system stream ST1, that is,
transferring the first pack in the audio data system stream ST2 will not

start while the last pack in the still picture data system stream ST1 is still



t he nonent when one pack starts to enter the buffer 53 (or 57) unit said
one pack conpletely enters the buffer 53 (or 57). It should be noted that
equation (1) limts the snallest value that 15 can be ? ned to SCR3.

SCR3 is often set to zero (0) in a conventional MPEG sf 4t 28 1 ecor di ng

apparatus according to the present invention, however, ‘fcgjg% @l es the SCR3
val ue from eq¥@f¥®8M4 (1). By thus calculating the value 0 SCR2 is

prevented from being greater than SCR3,o4nd the SCR values in each pack of
the still 21) picture data system stream STl and audi o data system stream
ST2 are assured of being in a rising nunmerical sequence from one system
stream to the next ation (1) also assures that the difference between
SCR2 and SCR3 he;mgatramsg%rsq -Tp. This prevents the transfer tinming of the

first pack in 25 tpgnaygi bQ R ARG fed il ¥ 6 APERPsttuensfer iateling wi L

the transfer of the last In the still picture data system stream ST1,
that is, transf Mbps, rtgetphek lrrarnafer tirae KPiwill bR $52061i(27 Mtz '§9§1°§ng>er eam ST2

will not start,while.th as pi cture data system stream
08 T 2 bark el 39 ZBREKEE BRIl D11 5s b ng
transferreds It shopl dkcbe@erf abcbiding m)thecbrb!:mtt |h\feritiba isysmrmnmmmdtransfer
rate is 8 Mops, the Packtr nsf er r% if 10.08

Mops, the packt°t?‘é‘1‘?§ dput jofdhey GUG‘PI ga esy§%%§tr(e§7' %I—é)%“éw'ﬁgdec lAer

according to thﬁcﬂﬁ?@ﬁﬁatsyét@WFdaﬁFSTﬁ“ﬂtﬁbﬁthﬁét @8 8TiNgIRel STCoaferdamit i nput  of
the audio data systemstieam ST2 following a still a system

t d
stream STI wi t htberete iof gtstifl pictune; daja MPé':QS amthas ‘P?Pdh‘!t’gméjrﬁ&deﬁ'b‘so‘ﬁ a still
picture data tFel%aﬁ%é RABUR eﬁfegpln@ﬁe@? écéﬁ‘ﬂ thd bh}%e'o‘? th@ SERURaHE firgtoul d be

meani ngl ess to the val ue nthe first 10 audi o stream pack
if the decaodler aedietstreaiepaBSRar thist dacogder tasetsi theu$ EC daftes still picture data
input, as it conventionally does after each system stream.
By thus driving the decoder to process supplied system streams

based on time stamp values calculated as described above, the decoder
can handle separate stili picture data and audio data system streams as

16 a single MPEG stream. That is, a still picture data stream and a
separately recorded audio data stream can be reproduced as though
they are a single system stream.

The presentation time stamps PTS1 and PTS3 are also set to the
same specified value as shown in equation (2) below,

20 PTS1 = PTS3 = specified value (2)

This assures that both audio and still picture data output begin at
the same time.

In this exemplary embodiment of the present invention, this
specified value is

2 90000 (90 kHz) + Tv
where Tv is the video frame period, and (90 kHz) indicates that the
number preceding (90 kHz) is a counted value using 90 kHz clock. In an
NTSC signal, Tv is therefore 3003; in a PAL signal, it is 3600.



I nput, as it conventionally does after each system stream By thus driving
t he decoder to process supplied systemstreans based on tine stanp val ues
cal cul ated as descri bed above, the decoder can handl eq §e5)ar ate still

pi cture data and audi o data system streans as 15 a single stream That
is,”a still picture data streamand a separately recorded audi o data
stream can bewpéPBéduced as though they are a single s ‘B’ﬁ?’ogklﬁ)eam The
presentation time stanps PTS1 and PTS3 § al so set to the sane specified
val ue as shown in equation (2) below. 20 PTS1 = PTS3 = specified value (2)
This assures that both audio and still picture data output begin at the
same tinme. In this exenplary enbodi ment of the present invention, this
specified val ue i s P Hoectamp® shey in-Fioy Wiase ceporibed meee speritrally ame

eriod, and (9 n hat a
(F:)ount ed val ufe 8’5%%{5‘ E%-gr%bﬁg tE Qlcgggﬁn g@eﬁﬁllgggﬁﬁgﬂ? ga%t%hé!ri%%olrz 3003;
in a PAL si gnalqutput begirB§iomitadqoulhN\al/iproexisa6dy 1FRETo0EIS0MWOR(E0 k) The time

t h L 11 d b f | ]
eference to a cdunandr ofindredhe deR5H e (GRE S sekuiste B . i

si mul t aneous! y gHovaRguadnsEY Bhid Qz)second (90000 (90 kHz) + Tv) after data
readi ng based on the tinme stanmps cal cul ated f bove equations (1)

and (2). The tine sT‘&?rﬁmP(ﬁta’PPléprstf‘? il B!CB{rﬁtdétQj\éPQ 'V&s?rébedefgﬁtrl bed first.
(1) The system cl ocl fe&%%@nﬁ@&}( FéeEtbhcé @CR (TR 1)IfoF tHarkt pack thhe stil |
picture data VOB is 2, e decoding tinme stanp DIS (DTS1) for
the first pack thastill plcture data VOB is 0 (27 MHz)

(2) The decoding time stamp DTS (DTS1) for the first pack in

10 the still picture data VOB is 90000 (80 kHz). Note that a still picture data
VOB contains only one still picturs.
(3) The presentation time stamp PTS (PTS1) for the first pack in

the still picture data VOB is 93003 (80 kHz). Note that PTS1 = 93003 is
for an NTSC video signal; for a PAL video signal, PTS1 = 93600. This is

15 because the video frame period (Tv) in an NTSC signal is 3003, and is
3600 in a PAL signal. Note, further, that because a still picture data VOB
contains only one still picture, all packs are output simultaneously at the
time indicated by PTS1.

(4) The SCR (SCR2) of the last pack in the still picture data

2 VOB is set to a value 27000000 (27 MHz) minus the transfer time of one
pack (Tp).

The value 27000000 (27 MHz) is called a base value below.
This base value is set so that the longest delay between when
moving picture data is input to the decoder buffer and when it is decoded

25 is 1 second (27000000 (27 MHz)).

More specifically, if the maximum moving picture data storage time
is applied to still picture data, all packs in the still picture data VOB must
be transferred to the decoder within 1 second (27000000 (27 MHz)). If



10 the still picture data VOB is 90000 (90 kHz). Note that a still picture

data VOB contains only one still picture. (3) The presentation tinme stanp

PTS (PTS1) for the first pack in the still picture datg \ﬁo#m% 93003 (90

kHz). Note that PTS1 = 93003 is for an NISC video si gnar; a PAL vi deo

sighal, PTS1 = 93600. This is 15 because the video frane ﬁﬁ”ﬁ‘ “(Tv) In an
r

NTSC signal | 398894 and is 3600 in a PAL signal. Not e,F , that
because a still picture data VOB contai s, only one still picture, all
packs are output sinultaneously at the tine indicated by PTS1. (4) The SCR
(SCR2) of the last pack in the still picture data 20 VOB is set to a val ue

27000000 (27 MHz) mnus the transfer tine of one pack (Tp). The val ue
27000000 (27 MHS8LRisfogahe distapacists Qatheedatel staredrin e fest Ragkwllile set so

that the | ongest, del ay. ' ' r I Shdrétpatd td 0 the

decoder buffer JR% e‘ﬁﬂﬁ%Tg&fgég%ggwgn@gwﬁggc%ﬁgq{( %7%%?) 00 (t2&7 MHz)) .

More specifical kns deéodene andxha8CROSICRE) pfcther lastiaaek sn dnaggamei Al i s

applied to still picture ta, all packs .n the still pigtur VOB nust

be transferred Pl?t'frﬁe‘raé%t\/&‘s WM?‘% &aci‘éﬁa&ﬁ '?5%36(56% ?‘53 %qu%@o If 12

JAN 2003 W9 ggl(%ﬁm)'PCT/JPQQIOIBM 27 SCRI for the first pack is 0, the
e

data stored in t fi rsta_pack will be decoded within | second é 7000000
(27 MHz)) after it iEhe PISsValpeand ghis¢basejuelyacare dafipad,as H9sc( ) of

transter e TAPPUELS BRS Shbntn Bt BT ol e e e i s
base val ue are deta systerastrdemcSThand aadiodata system streamrTiRdaie ensepedi bility.
L ot her wor ds. istngt 85 y3lisslagP 84 WoRh oflRBnS ' 618 24 FR"E3TE spacinaydi o data
10 PTS value, and the above base value, the present invention can be
applied regardless of what encoder generates the system streams.
it should be noted that the base value is defined in this preferred
embodiment as 27000000 (27 MHz). The following equations (3) and (4)
can therefore be derived where this base value [s MaxT.
15 SCR2+Tp < MaxT  (3)

SCR3 = MaxT (4)

The time stamps of the audio data VOB are described next.
(1) The system clock reference SCR (SCR3) of the first audio
20 pack is 27000000 (27 MHz). Using this vaiue, the audio pack will be
input to the decoder continuously to the preceding still picture data VOB
at the shortest time satisfying equation (1). In addition, because the still
picture data PTS1 is 93003 (20 kHz), the SCR must be set to a smaller
value in order to simultaneously output the audio.
2 (2) The presentation time stamp PTS (PTS3) of the first audio
frame in the VOB is 93003 (90 kHz). As noted above, this is for an NTSC
video signal; if PAL video, PTS3 is 93600.

it will also be obvious to one with ordinary skill in the related art



usi ng the values derived fromequations (1) and (2), the above specified 10
PTS-val ue, and the above base val ue, the present invention can be applied
regardl ess of what encoder generates the systen1streans.%¢t ﬁg@ﬂld be not ed
that the base value is defined in this preferred enbodi ﬁp 27000000
(27 MHz). The follomnng equations (3) and (4) can therefore be derived
where this bad® ¥4/t I's MaxT. 15 SCR2 + Tp s MaxT (3) SCEB®28bxT (4) The
time stanps of the audio data VOB are deggélbed next. (1) The system cl ock
reference SCR (SCR3) of the first audio pack is 27000000 (27 MHz).
Using this value, the audio pack will be Input to the decoder continuously
to the preceding still picture data VOB at the shortest tine satisfying
equation (1). gh%tdmsm%nas e i erictyee Slata |VOB); and) egdigadatapYOB mrse 93003

(90 kHz), the sgg Gy 1oPSatR de%@ati%g??%érﬁ]g)vﬂ'nleuﬁ'rebght%g&'[uoh%hall not

si mul t aneousl y out put the a presentation PTS
(PTS3) of the f|hesltm|taautt|odhetomnsn(vahes)WBcnbemam (90 kHz). As not ed

above, this is for NTSC ., vi. naI i 3600. It
will also be obvioustdTEXERPIE, i He,vi ﬂé?ﬂ?“s'iTﬁ%%#ﬁB“r‘E‘Fi%o@’?t 1 7 JAN
2003 WO 99/5536%0865’¢01@9%9i)8r§ﬂher2|$ar{dnahe FOIRMRS valged Bsplpt i |1 picture data
VOB and audi o data VOB are encoded to satisfy equations (1) and (2), the

present invention SO 7 248900094=1% $8%ed to the conditions (val ues)

descri bed above. YR pxgg@A@;M@ gdres virgeo is an NTSC signal and the first
SCRis 5 27000000 (27 2) rat her than 0, the follow ng vaI ues apply. SCRI
= 27000000 (= 1 s&SOR3 sEROVCO00SIHLRDA 1(S£C9SCR3 - Tp) SCR3 = 54000000 (=

SCRL + 1 sec) PTS1 = PTS3 = 183003 (= DTS1 + 3003)
10 DTS1 = 180000 (= 1 sec)

If the video is an NTSC signal, the first SCR is 0, and PTS is 1
second, the following values apply.
SCR1=0
15 SCR2 < 26043804 (= SCR3 - Tp)
SCR3 = 26099100 (= 1 sec - 3003 x 300)
PTS1 =PTS83 = 90000 (= 1 sec)
DTS1 = 86997 (= PTS1 - 3003)

2 If the video is a PAL signal and the first SCR is 27000000 (27
MHz), the following values apply.
SCR1 = 27000000 (= 1 sec)
SCR2 < 53844704 (= SCR3 - Tp)
SCR3 = 54000000 (= SCR1 + 1 sec)
25 PTS1 =PTS3 = 183600 (= DTS1 + 3800)
DTS1 = 180000 (= 1 sec)

If the video is a PAL signal, the first SCR is 0, and PTS is 1



PTS1 = PTS3 = 183003 (= DTS1 + 3003) 10 DTS1 = 180000 (= 1 sec) If the
video is an NTSC signal, the first SCRis 0, and PTSis | second, the

foll owi ng values apply. SCRL = 0 15 SCR2 s 26043804 (:ﬁ?Clﬁ - ]p) SCR3 =
26099100 (= 1 sec - 3003 x 300) PTS1 = PTS3 = 90000 (=1 s"ééﬁu DTS1 = 86997

(= PTS1 - 3003) 20 If the video is a PAL signal and the %J%%J §§:R IS
27000000 (27 wWop¥spesdt he fol | owi ng val ues apply. SCRL = 5 W) (= 1 sec)
SCR2 s 53944704 (= SCR3 - Tp) SCR3 = 54880000 (= SCR1L + 1 sec) 25 PTSL =
PTS3 = 183600 (= DTS1 + 3600) DTS1 = 180000 (=1 sec) If the video is a
PAL signal, the first SCRis 0, and PTSis 1 1 7 JAN 2003 WD 99/53694

PCTI JP99/ 01811 29 second, the follow ng values apply. SCRL = 0 SCR2 s
25864704 (= SCRspcongpthe $ulfeavirg yajgepeprly.(= 1 sec - 3600 x 300) 5 PTS1 =
PTS3 = 90000 (= éﬁ;‘:)= TS1 = 86400 (= PTS1 - 3600) If the transfer rate is
10. 08 Mops, and thée video is an NTSC signal, the follow ng val ues apply.
10 SCRI = 0 SCR2 SCRPSSHBHE7(4-(=SORB3- Tpp (=43885))

SCR3 = 25920000 (= 1 sec - 3600 x 300)
5 PTS1 =PTS3 = 90000 (= 1 sec)
DTS1 = 86400 (= PTS1 - 3600)

If the transfer rate is 10.08 Mbps, and the video is an NTSC signal,
the following values apply.
10 SCR1 =0
SCR2 < 26956115 (= SCR3 - Tp (=43885))
SCR3 = 27000000 (= 1 sec)

PTS1 = PTS3 = 93003 (= DTS1 + 3003)
DTS1 = 90000 (= 1 sec)

15
If the transfer rate is 10.08 Mbps, and the video is a PAL signal,
the following values apply.
SCR1=0
SCR2 s 26956115 (= SCR3 - Tp (= 43885))
20 SCR3 = 27000000 (= 1 sec)

PTS1 = PTS3 = 93600 (= DTS1 + 3600)
DTS1 = 90000 (= 1 sec)

An operation whereby an MPEG stream having time stamps

Y defined as described above is processed by an exemplary decoder is

described next below with reference to Fig. 19 and Fig. 20. Note that this
decoder is comprised as shown in Fig. 5.

Like Fig. 18, Fig. 19 shows the relationship between decoder



SCR3 = 27000000 (= 1 sec) PTS1 = PTS3 = 93003 (= DTS1 + 3003) DTSl = 90000
(= X sec) 15 If the transfer rate is 10.08 Mps, and the video is a PAL
signal, the follow ng values apply. SCRI = 0 SCR2 s 263?§éé? = SCR3 - Tp
(= 43885)) 20 SCR3 = 27000000 (= 1 sec) PTS1 = PTS3 = 936 % DTSl +
3600) DTS1 = 90000 (=1 sec) An operation whereby an MPEG stream havi ng
tinme stanps 2%W04¥BfMed as descri bed above is processed BGT/ERYHKEnpl ary
decoder is described next belowwith reference to Fig. 19 and Fig. 20.
Note that this decoder is conprised as shd®n in Fig. 5. Like Fig. 18, Fig.
19 shows the relationship between decoder 1 7 JAN 2003 WD 99/53694
PCT/JP99/ 01811 30 operation in digital still canera according to the

present inventi orppardliontihediyitdl istillscamer® Atamgy wheie present #vehtion @pdoduced.
The video output, still picture #1, and audi 0 out audi o #1, that are

| ¢ ut,
output for phot o 88 VEHRUSSHRRAIEMPSMNEE POl & '%Fﬁﬂ’“_g@{"ﬂ)’: Figs. 19(c) 5 and
19(d) show the changeridlvibg okt &hoed:d 81 ks MBI gliasdanshaudi o

buffer 57 as still picture #1 and audi o are decoded and output. Fig.
19(e) shows the paieloutmsdfermwtaid arashewndn SigsnP9(F)SOR, 1KPE, FigsTdP(adr i tten

\eeror, ok &1 R AR HE e B TaT ool 88 1 21
It shoul d be not exlididbbffdrisy gEastidepictire ¢#dtandeauaiial #1 waré ldecodieslsamd puipoh
Fig. 19(e) shows the pack sequence and the time stamps {(SCR, PTS,
DTS) written to each pack of the video stream #1 and audio stream #1,
both of which are MPEG streams, when photo #1 is stored to disc as two
10 streams #1 and #2.

It should be noted that the packet structure and further description
thereof are omitted here as in Fig. 18.

The first part of the description of the reproduction operation of a
digital still camera according to the present invention starts with the

16 operation for transferring the packs of streams #1 and #2 shown in Fig.
19(e) to the demultiplexer 52.

As shown in Fig. 19(e), stream #1 comprises video pack V1, video
pack V2, video pack V3, and videc pack V4 multiplexed in sequence
from the beginning of the stream. Stream #2 likewise comprises audio

20 pack A1 and audio pack A2 multiplexed in sequence starting from the
beginning of the stream. It is important to note here that stream #1
comprises only video packs, and stream #2 comprises only audio packs.

The pack header of each pack also contains a system clock
reference SCR. As shown in Fig. 19(e), SCR#1 of video pa'ck V1 in

25 stream #1 is time t1; SCR#2 of video pack V2 is time t2; SCR#3 of video
pack V3 is time t3; and SCR#4 of video pack V4 is time t4, The
presentation time stamp PTS and decoding time stamp DTS are also set

in the first video pack in the video stream V1. PTS#1 in video pack V1 is



thereof are omtted here as in Fig. 18. The first part of the description
of .the reproduction operation of a digital still canera according to the
present invention starts with the 15 operation for trqr}sferring t he packs
of streans #1 and #2 shown in Fig. 19(e) to the denulti p‘I’Aé‘k@m 52. As shown
inFig. 19(e), stream#1 conprises video pack V1, video pack V2, video
pack V3, and wogsssspack V4 nul tipl exed i n sequence fr of¥REHYi nni ng of
the stream Stream #2 |ikew se conpri ses qudi 0o 20 pack Al and audi o pack A2
mul ti pl exed in sequence starting fromthg begi nning of the stream It is

I nportant to note here that stream #1 conprises only video packs, and
stream #2 conprises only audi o packs. The pack header of each pack al so
cont ai ns a systtane 3, ok DTSHesdimest6SCR. As shown in Fig. 19(e), SCR#1 of

video pack V1 in 25 str ' i ; ' is tinme
(2. SCRE3 of video Bulie %Q@ﬁ%’ﬁ%&{'@?“%ﬁ%ﬁﬁd%f”%‘%‘gﬁ%’%gﬁ@gﬁ‘ei s tine
t4. The presengatia®ns, thevaltb aNSORES iartte tiest vmtlavgpddkrvt, 5 anhevaluer e al so
set inthe first video pack in.the video strea lLn_Vvideo pack V1
is J AN 2003 veh SoR¥RHEY 9#&?‘/\&%29&‘%9215 F‘W‘?M&‘?@@ﬁz 1?'?3 tine
t6. In thisg pre\{rﬁérﬁaeﬁ TR bEBO traRSfef GRRT EORFibaR QIbRVe L4 kabsRBBOf2Tt i M t 1,
that is, the value of SCR#l in the first video pack V1, is 0._The value of

SCR#4 in the | aMHzyiAsseminginavthe wWdep Bats is NT5Q 6oeRs tmetaRLy TS* %S 5 where
Tp is the pack Nerd) %qgﬁ- 8 (O kAZR96 (27 MHz).
Assum ng t hat t%%ﬁ\}?@gé(kng{%dﬁgﬁﬁds co%*ﬁ@ge(tB o?)ZP'I_'S#l is 93003 (90
kHz), and tine t6 offhBlysten sicekoeferém® KERIS ofitbe iyt avdie Ipgek Alefer ence
SCR#5 of the first augdjo pack Al i Lea IS 1] 6 of
audi 0 pack A2 i §"?‘?’Hﬂ gs ptK"e fﬁ rﬂ“@sgﬁbgﬁ gﬂngﬁp'ﬁepéégﬁﬁ\pzt Zﬁréﬁ'ﬁ% t§'lc?§ set in
audi o packgpAl prdeAtdtion time stamp PTS is also set in audio packs A1 and A2.

PTS#5 in audio pack A1 is time t8, and PTS#6 in audio pack A2 is time

t10.

In this preferred embodiment as described above, the value of time
t7, that is, the value of SCR#5 in the first audio pack A1, is 27000000 (27 |

15 MHz). Time t8 of PTS#5 in audio pack A1 is the same as the video data
PTS, that is, 93003 (90 kHz).

The system time clock STC is_ reset to time t1, the value of SCR#1
in the first video pack V1, and each pack in stream #1 is then input to the
demultiplexer 52 at the time indicated by the SCR of each pack.

2 That is, as shown in Fig. 19(e), the first video pack V1 is Input to
the demultiplexer 52 at time t1, video pack V2 is input at time t2, video
pack V3 at time t3, and video pack V4 at time t4.

The decoding process of a digital still camera according to the
present invention differs from a conventional camera as described with

2 reference to Fig. 18 in that the system time clock STC of the decoder is
not reset after all of stream #1 is input, and the packs of stream #2.are
input continuously to the demultiplexer 52 at the SCR timing written to

each pack.



PTS#5 in audio pack Al is tine t8, and PTS#6 in audio pack A2 is tinme t10.
In-this preferred enbodi nent as descri bed above, the value of tinme 17,
that is, the value of SCR#5 in the first audio pack A, is 27000000 (27 15
MHz). Time t8 of PTS#5 in audio pack Al is the same as {Resali 28630 data PTS,
that is, 93003 (90 kHz). The systemtinme clock STCis reset to tine t1, the
val ue of SCR#woswsewhe first video pack V1, and each pad&™H ¥ fYeam #1 is
then input to the denultiplexer 52 at t?g time indicated by the SCR of
each pack. 20 That is, as shown in Fig. (e), the first video pack VI is
Input to the denultiplexer 52 at tine ti, video pack V2 is input at tine
t2, video pack V3 at tinme t3, and video pack V4 at tinme t4. The decodi ng
process of a digitalThet fitst madierpackc&dr i rejream tH2e is pthes ePul A9 el on

differs froma convention C cl i r erence to Fig.
18 in that the ?/E?lgﬂfeffrn@ & ti'ﬂ%@'ﬁ@fﬁh@%ﬁ%o' ééﬁ]ftsagﬁg{eqrgéset after all
of stream #1 is inputis impdrtaftetopauté herd thamt tlen SCRE4a0fethe ilagd widesopdknuousl y
to the derultiplexer 52 at the timpg witten to,  each_pack,.1 | JAN

2003 WD 99/ 536Y4 andhs %#ﬁ%ﬁ'ﬁg@ﬁﬁt ﬁ‘f#@gf’?_?‘%%“aiiais(?‘ %E%'S&rp ety eam #2
IS thus inpyt W)tala%ye,clﬁm EaPirRX e radtatdd 44 fRolvd, and audi o pack A2 is

Il nput at tine I't 1s 1nportant to note here that the SCR#4 of the |ast

vi deo pack V4 and tSTERECRAB 0$CRAe (1) st audio pack Al are set to satisfy

equation 5 (1) above, W meERL + T
SgR#S (1) Coﬁlti)nui tyé%’é'mm%)gﬁe%gng §$m%§§%§4§ﬁ%§ﬂ%fhgrﬁastream #2 Pss

t hus assured, t keusi asstired| thehietezvalttherabetweeat is| alaitast ggusl tootheheaglack
transfer time, ?rggsftepetinq&cggg rth%ageéom”é§ ga%nttmlsuoc%ﬁlﬂuoqs%c%§§cets\§\otwo
10 streams without hanging up.
The demultiplexer 52 outputs video packs input thereto to the

video buffer 53, and outputs audio packs input thereto to the audio buffer

57.
The second part of the reproduction operation of a digital camera

15 according to the present invention described below is the data decoding
and output operation of the video packs output to the video buffer 63.

As shown in Fig. 19(c), while there is an ignorable delay between
the video packs output from the demultiplexer 52, the video packs are
accumulated to the video buffer 53 at the SCR timing, that is, at time t1,

2 t2, t3, and t4. Still picture #1 comprises video packs V1 to V4. As a result,
all video packs constituting still picture #1 have been stored to the video
buffer 53 once videa pack V4 has been stored to the video buffer 53. As
shown in Fig. 19(e), the decoding time stamp DTS of still picture #1
‘comprising video packs V1 to V4 is time t6. The data accumulated to the

.S video buffer 53 is therefore decoded by video decoder 54 at time {6, and
the data is cleared from the video buffer, thereby increasing the available
buffer capacity.

The decoded video pack data of still picture #1 is an | picture. The



10 streanms wi thout hangi ng up. The denul tipl exer 52 outputs video packs

I nput thereto to the video buffer 53, and outputs audi o packs i nput
thereto to the audio buffer 57. The second part of thF r@gr%uction
operation of a digital canera 15 according to the presén i nvention
descri bed below is the data decoding and output operation g)f tre vi deo
packs out put W@9spe84 vi deo buffer 53. As shown In Fig. 1§(ET6")P,9’°W le there is
an ignorabl e delay between the video p%%ks out put fromthe denultipl exer
52, the video packs are accunulated to the video buffer 53 at the SCR
timng, that is, at tinme tl1, 20 t2, t3, and t4. Still picture #1 conprises
video packs V1 to V4. As a result, all video packs constituting still

pi cture #1 havdednsied Ispietuealist amtenbtwmerderimmwger §3 #ntis ytawoi™Ack V4 has

been stored to,th i : 3. As shown in Fig. 19(e), the decoding
tinme stanp DTSthc?f&s?;éf’?rF&p‘ipﬁ ﬁ"rﬁét 1 conprising video packs V1 to V4 is tine

t6. The data accumThat thttdtmart o€ ti26 reprddactionf dparati® iof at tigitalf cameerdecoded by
vi deo decoder 54 at. tine r

. t6 _the d i.s cl id
bt fer ¢ her ebcringd: g RrAESyarTsnaetstiPeE bR e Fidbelet o0 o
vi deo packsdat geffeent thbl tirié Gtamps @Ad ithe dpetatiphCivhereby Hadiol pdck) 484a2003 WD

99/ 53694 PCT/JP99101811 33 decoded I picture is stored to re-ordering
buf fer 55, andoH®Pubin thaaudiohutfer Ré ‘?jg?:%@@idaé‘qugﬁpé‘“ti me t8. The third part

of the reproducti 08\% bahl @ F’i@. a1g{'ugi R KA FackaCo@pdi Rebrh OtHehe present
I nvention descri be elowis the relationship bet ween the tinme stanps
and the oper at demuitinkaxeb$2 arelstoremtsidhaaudio bffes 7 atdimenty ei% iF fer 57 is
S o s e P BB i bl B Uipparonri g Lo (e
10 video data, the PTS and DTS are the same in the audio data. As a result,
audio data is output at the same time the audio decoder 58 [57, sic, and
below] decodes the audio pack data. More specifically, the audio pack
A1 data stored to audio buffer 57 is decoded by audio decoder 58 at the
presentation time stamp PTS, i.e., time t8, and audio output begins. The
15 audio pack A2 data stored to the audio buffer 57 at time t9 is then
decoded and output at the PTS, that is, time t10, by audio decoder 58.
It is important to note here that the PTS is the same in the still
picture data stream #1 and the audio data stream #2. As a result, stream
#1 and stream #2 are input to the decoder at different times, but are
2 output at the same time, which is determined by the PTS.
It will therefore be obvious that insofar as the time stamps are
within the limits defined above, an MPEG stream comprising only still
picture data, and an MPEG stream comprising only audio data, can be
processed continuously, one foliowing the other, by a decoder, with the
25 audio and video presentation occurring simultaneously.
it will also be obvious that by recording the still picture data MPEG
stream and audio data MPEG stream separately to disk, the audio to be

reproduced with a particular still picture can be freely and easily changed



i ncreasing the anount of data stored to the audio buffer 57. Unlike the 10
video data, the PTS and DTS are the sanme in the audio data. As a result,
audio data is output at the same time the audi o decoder 1578"}\'?%?0 sic, and
bel ow] decodes the audi o pack data. More specifically, the au ) pack Al
data stored to audio buffer 57 |Is decoded by audi o decoder 58 at the
presentation Mo¥5¥amp PTS, i.e., tine t8, and audio odEFI*M&8Yins. The 15
audi o pack A2 data stored to the audio b Jer 57 at tinme t9 is then
decoded and output at the PTS, that is, time 00, by audio decoder 58. It is
inmportant to note here that the PTSis the same in the still ©picture data
stream #1 and the audio data stream #2. As a result, stream #1 and stream
#2 are input to andedited afier thatstiipiqturediata isioepturedgnd seqorded out put at the

same time, which is mgne gl . fher e :0hyi ous
that Insofar as the g:gstu estfg}n%é%lée’qﬂemp%ﬁm %’E{uﬁ%‘#lhiarﬁd tgu‘gé?ﬁn% ggge\{/e, an
MPEG st r eam conyabiosé mithomeferensde td Figpil 8tane ¢hel data, reaomtiedrtoM?EGVbEN dben
conprising only audi o data, can be rocessed continugusl || owi ng
the other, by a'@é%&@ﬁ,mﬁ?}‘i%aéﬁ?&- ngatshaﬁ%ﬁ% B\ﬁ”&éc’oﬂﬁns\s/g%ﬁgt%f"&%t
occurring sigwl tspngeateovisly withMhke! stifi ghQtuldes P livis iy hBedssayy foeebrd ag t he
still picture data MPEG stream and audi o data MPEG stream sep(ggat ly to
t

di sk, the audi o MBEGestreagpersgded & ith ime atagpstdeciypd rost pAYaYRNSlh) 8Can be
freely and eaS"(!g,tC)iQ.ﬂéleﬁtgﬂe7ofJﬁg£ #7803 99 adhichdl Hedba0dS MPpEd  and

edited after the ture data is captured and recorded. Assune, for
exanpl e, that ststieanm#iswshewnlndigl 28udi o #1 descri bed above with reference

to Fig. 19 are the d ecqord di : h i Vs, tigqr aphed.
To | ater change the 2@1‘?”%‘ ﬁﬁ’ét Srﬁbs&rfo'qbzﬁ%ou‘t'%ui?é’SﬁedﬁgFﬁ‘gﬂeougﬁeﬁm‘nBﬁh t he
still pictuie #lindicatings wihdty audivesdsta y MREG estosain ais  thPH®@ stepezducedcoded
with tinme stanps derived fro LQn 1), a . . AN exa this
new audi 0 #2 ado?‘F‘f‘B?l’%ﬁqL'ﬁFyr"@g{)&’gﬁ %@ sﬁ?ﬁé@ foP S8 p'gtzu)re #1"s 813 PBLiaBl

to disk. This management information can then be updated so that the

MPEG stream for audio #2 is reproduced simultaneously with the MPEG
stream for still picture #1 Instead of the MPEG stream for audio #1.

15
DVD-RAM description
DVD-RAM is described next below as a recording medium and
recording format suitable for recording MPEG streams as described
above.
20 Advances in high density recording technologies for rewritable

optical discs have expanded thelr range of applications from computer
data and music to image data. A typical conventional optical disc has a
guide channel of either lands or grooves formed on the signal recording
surface of the disc. This has meant that signals are recorded using only
25 the lands or the grooves. The development of a land and groove
recording method, however, has enabled signals to be recorded ta both
lands and grooves, thus approximately doubling the recording density of

the disc.



stream #3 is shown in Fig. 20. Though not shown in the figures, managenent
I nfrormation 10 indicating what audi o data MPEG stream i s to be reproduced
simul taneously with the MPEG stream for still picture #{ %}@30 recor ded

to disk. This management information can then be updat ed so that the MPEG

stream for audio #2 is reproduced sinultaneously with t stream for
still picture2¥$Hét ead of the MPEG stream for audio #?&'ﬁ%&b RAM

description DVD-RAM is described next bej$w as a recordi ng nedi um and
recording format suitable for recording I\/PEG streans as described above.
20 Advances in high density recording technologies for rewitable optical

di scs have expanded their range. of gﬁﬁl | cat icgns from cgeé: ut er _data and
music to image dat don&tan) inean velesmity Skt bR Bt pisq angitacting means g e

channel of eit hﬁérobgﬁgdﬁe&Fdl% QfHRRy, QﬁMeOBeHi@prﬁérﬂnajf 4 @eRediopv surface

of the disc. Thi meant That signals are recorded using only 25 the
| ands or the grcoobvdsnetﬂihdzhdemldephmmerdﬂ irapleaveat QIW @ngelbe recording

o1 ooves, thus abpr QX el (FobeRt el cheCRe DETRRsta B BOBR AV RRRE B0

7 JAN 2003 5 WOiSdiding HteBCalid) Bt Ginageé da?zﬁ Mabmmmlrienearoduetsownthy (CLV)

control is also an effective neans of r ovi recor di and the
devel opment of featugaseanddLgetionsfar BFrpﬁéT'H% %Qsé}%‘ﬁ’ﬁymfo E& 0 8 t?rrpl enent
CLV control . Walnfajbit édricéf foh@RfinBugthy. capaci ty optical discs to record AV

data, 5 including VI deo and ot her image _data, and achi eve new, groducts
with features and |rtufhetsiodhgug'érthéhmﬁ@i"ﬁ@"t)'h‘?fslé@ﬁ cRRAMENIEVEaR!e Ay

product s optical disc media will result in the primary medium for recording and
10 reproducing AV materials changing from conventional tape media to

optical disc media. The change from tape to disc media will also have

wide-ranging effects on the functions and performance of AV equipment.

One of the greatest benefits to be gained from a switch from tape
to disc media is a significant increase In random access performance.

156 While it is possible to randomly access tape media, several minutes may
be required to access a particular part of the tape due to the need o
tast-forward and/or rewind in a linear fashion. When compared with the
seek time of optical disc media, which is typically on the order of several
10 milliseconds, there is an obvious and significant improvement in

2 random access performance achieved by a switch to disc media. Tape is
therefore obviously unsuitable as a random access medium.

Random access also means that distributed (that is, non-
contiguous) recording of AV material is possible with optical disc media,

though impossible with conventional tape media.

Logic struct { DVD-RAM i
The logic structure of DVD-RAM media is described next below

with reference to Fig. 8. Fig. 8(a) shows the directory file and the



is a major concern for the industry. It is also thought that the

avai lability of large capacity, rewitable optical dis resul t
in the primary nmedium for recording and 10 reproduci ngq‘ﬁ%ﬁgg\r‘m al s

changi ng from conventional tape nedia to optical disc nedia. The change
fromtape to disc nedia will also have wi de-ranging ef L&bipsodddls t e

functi ons andWR&¥P®* nance of AV equi pnent. One of the greatest benefits to
be gained froma switch fromtape to disggmedia is a significant increase

i n random access performance. 15 Wile It is possible to randomy access
tape nmedia, several mnutes may be required to access a particular part of
the tape due to the need to fast-forward and/or rewind in a |linear

fashi on. Wien eweauzasignaf the diperecosdino @14% of optical disc media, which is

typically on the Orfigf by atedlof thPoffidal ke B angddhiSa pRuralty @byi Ous and

significant inprovenent in random access performance achieved by a
switch to di sc phpsical. seEégue in @ spitad peftendramiheinside cireumfeeance tadhe r andom

access medi um R?sdélom access al iﬂ? n&ans that distributed (that is, non-
conti guous) reld ﬁ'r?ﬂm pa\Vakvi: A 's possible with optical disc nedia,

t hough i npgssi bl e writdh pﬁp:nuansecmalofttapedumedrafurﬂfermmpaadrtsncoue of of

DVD- RAM nedi a The | ogi ¢ strycture of DVD RAM me%F es.c rgpg,%n@ xt bel ow
with referencethr@eﬁrﬁasémmzﬂlf ing|de) CitgyARepRR tQy; eef?il Fr9eaNd “the 1 7
JAN 2003 WO 9943369k cPiTbddrOAREE locatdd aF Wanhaiaé lcﬁﬁurﬁferém afeafr ecor di ng
area. The recording area of the optical disc is arran& nto a plurality

of physical sdbediss. Anlead-ept peaa igdeqasathat NerAU!$IES CHEYD r%“‘iec?fﬁlae(’rfence to
the outside ciffgWi-ChcRELala s BoviictbetiedithenBEiFahd fRALUt ardds. the di sc

are further allocated to
10 Each sector also has an address segment and a data segment.

The address segment stores address information specifying the location
of that sector on the optical disc, and an identifier identifying whether the
sector is in the lead-in, data, or lead-out area. Digital data is stored to .
the data segment.

15 The data segment of sectors in the lead-in area contains
information for initializing the device usgd to reproduce data from the
disc (reproduction device). This information typically includes a reference
signal required for servo stabilization, and an ID signal for differentiating
one disc from another.

20 The data segment of sectors in the data area records the digital
data constituting the application [? or user data ?] stored to the disc.

The lead-out area identifies the end of the recording area for the
reproduction device.
Management information for managing disc content and

25 constituting the file system is recorded to the beginning of the data area.
This management information is the volume information. The file system
is a table of contents for grouping a plurality of disc sectors into groups,

and managing these disc sector groups. A DVD-RAM medium according



three areas fromthe inside circunference to the outside circunference of
the-disc. Alead-in area is |ocated at the inside circunference area of

the disc. Alead-out area is |located at the outside ci rcgn}@r"&%e area of
the disc. A data area is provided between the lead-in an ead- out areas.
10 Each sector al so has an address segnent and a data se rren%. The address
segment st or eXOHYM¥ss i nformati on specifying the | ocati*S 8P hat sect or
on the optical disc, and an identifier idgntifying whether the sector is
in the |ead-in, data, or |ead-out area. gital data is stored to the data
segnent. 15 The data segnent of sectors in the lead-in area contains
information for initializing the device used to reproduce data fromthe

di sc (reproduct ththegaigseal invengan prefesablityses the dile aystom definedds 18 ef er ence
signal required4hgig servo stabilization, and an ID signal for
differentiating one disc fromanother. 20 The data segnent of sectors in

t he data area recor dan pptécallidisict adcording & thinpréfeued regphodimergdiascafiioon [ 2 or
user data ?] stored to .the disc. K The. lead,qui area identifies the end of
the recording aPlge G?Stf%gurefjéﬁrsgaﬂﬂf'? EW' azel'ce. Management i nformation for
managi ng di §c cont endll dath hafdied syt & tIDND ngcdrdigl apgarsust setongs tedey ded to
the beginning of the data area., This manag&aérent dinformation is the vol une
I nformati on. The/IPEPeRIregtery fitectlyundpethsiRQAQAANRCOY.or groupi ng a
plurality of disc sep{gsSarbNive BadHPSile taies 'FEBH&HGU”%H”'W diee6rai®ft Or
groups. A DVD- RAM nedi um accordi ng WO 99753694 PCT/JP99/01811 37 to the
present inventi @P@atyseralfingleseanagement |isfospatienmfilef PRddeti |passone13346. An
optical disc ac j i red enbodi ment has a file directory
structured as sﬁ@‘gﬁ“ﬁﬁp'ﬁa}.%&l'%‘%@gm| data handl ed by a DVD recordi ng
apparatus bl ongs to the

The content of the management information file is described next

with reference to Fig. 9 (a).
The management information file contains a VOB (video object)

15 table and a PGC (program chain) table. A VOB is an MPEG program
stream. The program chain defines the reproduction order of individual
cells. A cell is a logic unit for reproduction, and corresponds to a
particular part or all pf a VOB. In other words, a VOB Is a meaningful unit
in an MPEG stream, and the PGC is unit reproduced by an MPEG stream
2 reproducing apparatus.

The VOB table records the number of VOBs (Number_of_VOBs),
and certain information about each VOB. This VOB information includes:
the name of the corresponding AV file (AV_File_Name);, the VOB
identifier (VOB_ID); the start address in the AV (file

25 (VOB_Start_Address); the end start address in the AV file
(VOB_End_Address); the VOB playback time (VOB_Playback_Time);
and stream attributes (VOB_Attribute).

The PGC table records the number of PGCs (Number_of_PGCs)



VIDEO RT directory directly under the ROOT directory. There are two basic
fil-e types handled by a DVD recordi ng apparatus: a single nanagenent

information file, and at |east one, though typically pﬁ”?h’Z Ugv files. 10
Managenent information file The content of the managene RO mation file

I's described next wth reference to Fig. 9 (a). The ma i nformation
file contai nsWA%®R8* (vi deo object) 15 table and a PGC P%‘?’%%%‘% chai n)
table. A VOB is an MPEG program streamgdhe program chain defines the
reproduction order of individual <cells. Acell Is alogic unit for
reproduction, and corresponds to a particular part or all of a VOB. In
other words, a VOB Is a neaningful unit in an MPEG strea nd_the PGC is
uni t repr oducedNBjbah oD siElafnd ZertaBpinfImationy aQB‘;B‘a?%"Er{JTEG%Th '$/0B t abl e

records the nuiEE GhrolBer NyERRrOl Y Hilmberaid Q84 2 A OFERS i on about

each VOB. This nformation 1 ncludes: the nane of the corresponding AV
file (AV-Fil e- NNusber_tdficCal8 andozantairf ¢alkinfovdBioD) ; the start address in the

AV file 25 (VOB _Start. Addr.ess)...the end . r r At il e

(VOB_End_Addr ess); ﬁ‘n’g c\?ﬁ]‘ﬁ%f@?}?&c RCIPE%%%EEE%Q‘@%{@?#E ;tﬁé/é:é'c'i stream

?t t :ﬂ':, but efs g VOBstéft timd i ee VOBR (CSICStarh Bmer ahe dellt playbackitéme dh tRECs
Nunber - of PGCs

). 17. JAN 2003 _ WO 99/53694 PCT/ JP99/|P1§1ﬁ 3 t
(Nunber - of _vOBsVORi(EPILRIAYPack. Tige) ﬁfa&dﬁ%ﬁsi%r’(”@‘ﬂbﬁ? B&Y aqgcéar s Pac
i nformation i ”%HF‘\R?B (Clof_StaADRAGrREs)CENd thd Badrass REwhiéMNeal Playblackel | s)
and certain cell informatTon. "This cell information |Includes: the
correspondi ng \@Ris| (Gell; hed_Agidress), an audio flag indicating that there is audio to
be reproduced simultaneously with the still picture data (Audio_Flag).
10 When Audio_Flag is set to 1, cell extension information exists for the
related audio data, that is, the VOB_ID, Cell_Start_Time,
Cell_Playback_Time, Cell_Start_Address, and Cell_End_Address. When
Audio_Flag is reset to 0, cell extension information for the related audio
data does not exist.
16 It is important here to note the audio flag (Audio_Flag), which is
used to declare whether or not there is audio data to be output

simultaneously with the still picture.

AV file
20 The AV file structure is described next with reference to Fig. 9 (b).
An AV file has at least one, and typically plural, VOBs. VOBs are
recorded continuously to disc, and VOBs associated with a particular AV
file are arranged contiguously on disc. VOBs in an AV file are managed
using the VOB info in the management information file. When the DVD
25 reproducing apparatus first accesses the management information file, it
reads the VOB start and end addresses, and is thus able to access the
VOB.
The logical reproduction unit of the VOB is the cell. A cell is a part



5 start tinme In the VOB (Cell_Start Tine); the cell playback tinme In the
VOB (Cell Pl ayback Tinme); the address at which cell playback starts In the
VOB (Cell _Start Address) and the address at which cell ?I?bﬂ ends

(Cel | _End_Address); an audio flag indicating that therd1i AN o to be

reproduced sinultaneously with the still picture data (Ag_g'hg?ﬁbﬁig). 10 When
Audi o_Fl ag i sWe8¥s36% 1, cell extension information exisf he related

audi o data, that is, the VOB ID, Cel I_Srsgrt_Ti me, Cell _Playback Tine,

Cell _Start_Address, and Cell End_Address.” When Audio Flag is reset to O,
cell extension information for the related audio data does not exist. 15
It is inportant here to note the audio flag (Audio_Flag), which is wused to
decl are whet hepf the VOB te therrepradugedi ib maytaermesperd tutheuentirgMRB.t ibous! vy

with the still I GLULS. ' O4iLh Vil s d | bed next
with refer encecgaécbltgi é& Bé}ég)gf.réfkﬁ f&i;? ?sﬁ%'e Thgégact%hf ggés%g %ﬁgﬁgaﬁgﬁ!éypi cally
plural, VOBs. W@Bsutactuallyauanipdetingtitei AVidatd. st withiasQB aerll 469BSS #$soci at ed

with a particular AV, file are arranged. contiaguously, o .S In an AV
file are manag@fnagey H@f"?ﬁée ?ﬁ?ﬂ"f"ﬁ?‘a ?W"ttﬁg W&?&&g}%h’tﬂ?‘?r 3‘@'&&;’4’% file.
Wien the DYD 2pviERippsditiniappatusitigs dddesietfcmanagdnient Tafoagatient
information file, it reads the VOB start and end addresses, and is thus

abl e to access fileo regohe ¢albsiapgandieng adirgss fPrmationiip 95FetRASBES i s t he

cell. Acell ig gypart 17 JAN 2003 WD 99/53694 PCT/JP99101811 39 of the
VOB to be reproduced; it nmay correspond.to the entire VOB, and can be set
as desired by the sl addtesscinfasmatomeikcreferensety taithpl ¥OBwi aso MOict ual | y

mani pul ati ng the AV d i ﬁf"" cce ' JRRISFisi ng the
cell infornati (fﬁdfer?st'ﬂé’r a@\ggrréeg?'%f‘%/qgﬁona | bh’a@?l Z@' AA%S '
10 reproducing apparatus accesses a cell by adding the cell address
information to the VOB address information to calculate the address in
the AV file, enabling the DVD reproducing apparatus to access the AV

file.

5 Links bet {ill picture data and audio dat

How a still picture and audio are synchronously reproduced is
described next with reference to Fig. 10.
Fig. 10 (a) shows part of the management information file
described above. As shown in Fig. 10 (a), cell information for a still
20 picture contains access Information (VOB_ID, Cell_Start_Time,
Cell_Playback_Time, Cell_Start_Address, and Celi_End_Address) for the
still picture data and the corresponding audio data.
The audio flag (Audio_Flag) declares whether there is audio data
to be reproduced with the still picture data. Therefore, when the audio
5 flag indicates that there is audio data to be reproduced with the still
picture data, the cell also contains access information for the audio data
VOB.

A relationship between still picture data and audio data is thus



5 DVD reproduci ng apparatus thus accesses the managenent information file
tovead the cell start and end address information in order to access a
_ceI | . Ce!l address information is referenced to the VOB, and VOB address
information is referenced to the AV file. As a result, 1dhé 10

rep?oducing apparatus accesses a cell by adding the cell addres
I nformati on tWo¥694/CB address infornmation to cal cul at e"t"i‘t’@”é?gsdfess in the

AV file, enabling the DVD reproducing appgratus to access the AV file. 15
Li nks between still picture data and audio data How a still picture and
audi o are synchronously reproduced is described next with reference to
Fig. 10. Fig. 10 (a) shows part of the management information file

descri bed aboveestabiishérbbn settingithe audio flap (AedipLFlrg} andrdecianing Bie YOBti 11 20

pi cture contains,_access 0 i (VOB_ID, Cell_Start_Tine,
Cel | _Pl ayback_'l‘?f@g,gg@ flokg{eaélfrmiigg{r;éss, and Cel| End_Address) for the

?EA\ i Id! pi:f:t u; eddalt a pigd J\Bhb) sbow= ap oM firgfoa ustill pictateadaté@hanchaddio datag
udi o_Fl ag ecl ares et there is.audjo d to.b i
the stTI1 B ot (Bea el iaay QP @y i BiPe Gl or Sdap g PTABERCS " Loy

there is auflio glatgos anbe doRfidwees silt picture &atal bndi fidis edalatia, at he cel |
al so contains access information for the audio data_ VOB. A relationship

between stil| pheltinlesedaeannendUalin BroylgaPiciire (fiate VOBHNNBSProF# o0/ 53694
PCT/ JP99/ 01811\}5g9mﬁat @%ﬁ;ﬂﬁ@ @fa Yeids Ssnpre BMYiPsihbRIl gﬂm& iddoag) and
tion fo g (b)

decl aring the I 'nf or r the audio data. Fig. 1 shows an AV
file for still faméuse idmétreraecompdessedatideo ibage, endrangia gaig VOBsi s eit her
still picture dgc}n?aigron WQLQ.oda%ttS‘: T?;I-Jlg{ll? pic%ure data and audio data playback
10 control information is generated by referring to the cell information for
the still picture data VOBs and audio data VOBs, and defining the still
picture cell playback order from the PGC.

It is therefore possible to freely combine still picture data and.

audio data streams by defining the playback order of referenced cells for
15 separately recorded still picture data and audio data.

It should be noted that while this preferred embodiment has been
described as having two VOBs for one MPEG stream; one for the video
data and the other for the audio data, the data structure is not limited as
such as long as the audio data and the video data can be separated, and

20 the separated audio data can be replaced with another audio data.

For example, the video data (video stream part) and the audio data
(audio stream part) can be incorporated in a single VOB. Such an
example is shown in Fig. 10(c). In this case, the video data of the still
picture is stored in the video part, which is located in the leading half

% portion of the VOB, and the audio data is stored in the audio part, which
is located in the trailing half portion of the VOB. Fig. 10(c) shows
RTR_STO.VRO file, such as shown in Fig. 8(b).

it is noted that the first system stream ST1 shown in Fig. 11 and



5 no VOB that contains both still pi cture data and audio data in a
mul t'i pl exed manner. Unli ke noving picture data VOBs, in the present

I nvention, still picture data VOBs conprise only a si.ngle | picture video
frame, an intraframe conpressed video i nage, and audi oﬁa\g&ﬁ@s contain
only audio data. The still picture data and audi o data playback 10 contr ol
i nformation | ¥O¥W¥ated by referring to the cell inforﬁﬁf/%(?(‘)’?{m?'dr t he
still picture data VOBs and audi o data VOBs, and defining the still
picture cell playback order fromthe PGC''It is therefore possible to
freely conmbine still picture data and. audio data streans by defining the

pl ayback order of referenced cells for 15 separately recorded still
pi cture data artte airkocoparhshown tin g ul tcharengenedaliyheaferied te astd ¥idgpef err ed

enmbodi nent has be desqy | i f st,pean one
for the video Qﬂfgr?ﬂ{ﬁ t 'hh)%&ﬁgﬁe P%\f/dr{aﬁsé’ts%gg@gatﬁz % he AXE ag'sbr&ucture IS
not |imted as arfuthe axdid pag sisowrhim Figdi10(c)laire gendrallpaefartdotodas ancan be

separated, and 20 the separated audio data can be replaced w th anot her
audi o data. Fora4diaRpté&e® e vi deo data (video stream part) and the audio

data (audig streamypgfie sf@luiRembP oy 8¢ SHowm i Fiy. BgS)E Vs caseh an
example is shown in Fig. 10(c). In this case, the video data of the still

picture is stortg YIPERRT direptopacerrespands tpsthpoR¥PeBTRdiF#RONe AMbng hal f

25 ti ft , d dhord | [ | t,
ahi th 1 o1 ocat BIRYEO! RIS O R RS MR TR O G BT) chowe

RTR STO. VRO fi | endes tloh DYD_BABWlireictorfri g. 8(b). It is noted that the first
system stream STl s i i 11 and 7 JAN 200 .
PCT/ JP99/ 01811 41 tq. ﬁ%‘:@@ géﬁ ?°'5%86\B‘}ﬁ e ‘%Pdvaf?@?&e\@"i%%ﬁ‘gﬁil'?-y
referred tqpas fnhy iR STRWVROStah@aRTRSETA VRO Yiled laes Temtsdl te b estillst r eam
ST2 shown in Fig. 12 and the audio ri showg in Flp._ théc; a(e %enerally
referred to as Bigture data. The RTR_STO.VRO file records the still"pictur data (vide

part) and the audio data (audio part) simultaneously recorded with the

still picture data. The RTR_STA.VRO file records only the audio data
(audio part) edited after initial recording. Audio data in the

15 RTR_STA.VRO file is recorded with a relationship to still picture data
recorded in the RTR_STO.VRO file. Moving picture data is recorded
separatsly from still picture data in the RTR_MOV.VRO file.

2 As described above with reference to Fig. 11, the time stamps for
the still picture data VOBs and audio data VOBs are as shown below.
SCR1=0
SCR2 s 27000000 (27 MHz) - Tp
SCR3 = 27000000 (27 MHz)
Y] Tp = 55296 (27 MHz)
PTS1 = PTS3 = 90000 + Tv
DTS1 = 80000



audio part stream 5 The file structure nmay al so be as shown in Fig. 8(b).
In this case, the VIDEO RT directory corresponds to the DVD RTR directory,
and RTR IFO, RTR_STO VRO, RTR _STA VRO, and RTR MOV. VRO files are under
the DVD RTR directory. The RTR IFO file corresponds to t‘k?e Apqgpenent
information file. 10 The RTR_STO VRO and RTR_STA. VRO fil e‘é are related to

the still pi YAPEhta. The RTR STO VRO file records t hEWFPP3hicture
data (video part) and the audi o data (aﬁgi o part) sinultaneously recorded
with the still picture data. The RTR_ STA'VRO file records only the audio

data (audio part) edited after initial recording. Audio data in the 15 RTR
STA.VRO file is recorded with a relationship to still picture data

recorded in thelRIGRPIPHOLRAVLY recorqing, aApRAraMSt ure data i s recorded
separately from stilapPhGhddr§i alatud i RO file. Still picture
data VOB and audi o data V@rzlgg%aaescér'?gjggqa ove x\\}/\'/ith reference to Fig.

11, the tine stanpsFigrl istehblogk diagran of arlVaecor¥ioBsapparhtes) Showraha VOBs

are as shown below,, SCRl =.0 S S, 27000000 7 Mz) - T CR3 =
27000000 (27 ME'P 5k3m;an %’E@'@%M—éf@?@ ‘iaz‘éf@@ 21“%68@9 datajo DTS 1 =
90000 17 *J&N 28@dc; Woendt 536ectionEtidd REBLY pBdcessdr21 Desaéobirn 18f aa DVD
recordi ng apparatus A DVD recordi ng apparatus is described next. Fig. 1 is
a bl ock di agran®¥feraHits Fa08iNgi 'RGULY9 putaut isamihejtrackuifer 138; are: an
optical pickup ddeddef 156@flNg dd@ddbr§ 162 REIBRANBE idunftFald®F 3s R enlarged

view of the disc surface.

As shown in enlarged view 17, the smallest recording unit for data

10 recorded to a DVD-RAM disc Is the sector, which holds 2KB. One ECC

block contains 16 sectors, and is the unit processed by the ECC
processor 12 for error correction.

Using a track buffer 13 enables AV data recorded at non-
contiguous |ocations on the disc to be supplied to the decoder without an

15 interruption in the data stream. This is described below with reference to
Fig. 2.

Fig. 2 (a) shows the address space on the disc. When the AV data
is recorded to two separate contiguous regions, [a1, a2] and [a3, a4] as
shown in Fig. 2 (a), continuous presentation of the AV data can be

20 maintained while seeking address a3 from a2 by supplying data
accumulated to the track buffer to the decoder. This is illustrated in Fig.
2 (b).
When reading AV data from address a1 starts at time t1, the data
is input to the track buffer with output from the track buffer beginning at
25 the same time. There is, however, a difference of (Va - Vb) between the
track buffer input rate Va and the output rate Vb from the track buffer.
This means that data gradually accumulates in the track buffer at the

rate (Va - Vb). This continues to address a2 at time t2. If B(t2) is the



5 a disc; an error correction code (ECC) processor 12; a track buffer 13; a
switch 14 for changing input to and output fromthe track buffer 13; an
encoder 15; and a decoder 16. Reference nuneral 17 is an enlarged view of
the disc surface. As shown in enlarged view 17, the snmallllesAN @8Eor di ng unit
for data 10 recorded to a DVD-RAM disc |Is the sector, which q | ds 2KB. One
ECC bl ock coWP&¥H®¥416 sectors, and is the unit processgﬁwﬂ?s’/‘fﬁlé ECC
processor 12 for error correction. Usi Ngs a track buffer 13 enables AV data
recorded at non- contiguous |ocations on the disc to be supplied to the
decoder without an 15 interruption in the data stream This |Is described

below with reference to Fig. 2. Fig. 2 (a) shows the address srace on the
di sc. \Wen t heapaundof dats accupwiatedin the tragk buffgaphtime danthegdrta$(2agi ons,
[al, a2] and ( ] heUsfar idan . [§al¥lel r ation of
the AV data ca%gri?galéoth?rgfar?tﬁal ned wﬂiqegsu (la'é?)rt\% tﬁ%@’%gss a ! rrgén&g by

suppl yi ng dat abegitscagain &omdaddoesshas atrtekt3buf fer to the decoder. This is

illustrated in Fig 2 (b)) en .readin V. data from addr | starts at
time t1, the data Moge Pé?)%ﬂcayl\g ?ﬁrée FF‘SE% @ﬁ%@ﬁew lf'ﬁ"bﬁf’[ p@?ﬁ’f’gﬁ?the track
buf fer begs nniwg sdkk opbrdtids LeYIE ikidiBeasl QLA toSa pletiseRiined afoliher ence of

(Va - Vb) between the track buffer input rate Va and the output rate Vb

from the track-Hulkleast eahqf Lo e ammoyn of data suRpPHEE daths decrdemAuaPes in t he

track buffer t Vay- [ W5 ] at tine
100Kt Bt ) | e a8k doBidioh Aol kan DO e WINER HRARAEASE 1RE Sint o

dat a accunul at®asofder.t he track buffer at tine t2, the data B(t2) stored in

the track buffer cqneSyoRoldr Sl BRAGIE ctltdybiorf 3HbBR sPPOT NS again

from address a3 at
10 and audio data system stream ST2 processed contiguously by the

decoder in the present invention is not necessarily contiguously recorded
to the disc. In the case shown in Fig. 20, for example, there are two
audio data system streams, streams #2 and #3, that can be processed
continuously with the still picture data system stream ST1 #1 by the
15 decoder. it will be obvious that only one of these audio data system
streams can be recorded contiguously to the still picture data system
stream ST1 on disc, and the other audio data system stream ST2 must
be recorded at an address that is non-contiguous to stream #1.
A DVD recording apparatus comprised as described above,
2 however, can still supply two non-contiguous streams to the decoder with
no interruption between the streams. The decoder can therefore
continuously process two streams, and the operation described with
reference to Fig. 19 can be assured.
It should be further noted that while the above example has
2 addressed reading, that is, reproducing data from DVD-RAM, the same
principle applies to writing, that is, recording aata to DVD-RAM.
More specifically, insofar as a predetermined amount of data is

recorded contiguously to DVD-RAM, continuous reproduction and



More specifically, if the amount of data read from[al, a2] before 5 the
seek operation begins is at least equal to a predeterm ned anmount, i.e.,
at | east equal to the anobunt of data supplied to the decoder during the
seek operation, AV data can be supplied w thout interrugtj gayb®3the
decoder. It should be noted that the still picture data system stream ST1
10 and audi o JR°Y&}st em st ream ST2 processed conti guoué’F%mf??/"‘PHe decoder
in the present invention is not necessarily contiguously recorded to the
disc. In the case shown in Fig. 20, for eﬁérrpl e, there are two audio data
system streans, streans #2 and #3, that can be processed continuously with
the still picture data system stream ST1 #1 by the 15 decoder. It will be
obvi ous that onlrgcodingddre pphesibleavendf thaiAV datatie necosdedccmorscardtigubaslyecor ded

contiguously to the sti i cture. data stream ST1 on disc, and the
ot her audi o data sysf'gml]%{sf%ét%c%%fgﬁﬂgtﬁ‘yaa%ﬁné%@fﬂga apPaglus ydress that is
non-conti guous to stS&kawn #i. Fifg. DMD drecer disBg infepRtat Y30 FoPIPreSshtiag

descri bed above, 20 however, can still supply two non-contiguous streans

to the decoder W'e¥20R% meelﬂﬁetﬁpﬁ’iddﬁc?ié%mmwssm@dhﬁ.Usﬁieﬂ axdemer can
therefore GONt|duayry1 200 f@Seydril shhieRAGntrciind arfdBBrhl Odh dfse! | bed
9 I u no

wth reference to Fig. 19 can be asSured. It shoul rther ed that
whi l e the above $8glem|120Badypicaly aal dregwse dande mitrapghonehaan iepcodarpd 204 ci ng

Fecor ding data R SRS ey, eREs L, Bllo BRLUEI o Vlem, 3¥aa ieotlt: v ne
amount of data ian outegbsettioncS, dypicalyycdnoprisifiy RAIDbnitsIand1speisker; a
possible even | 1HoALIAF BalioNEng J BRI SHEATCaRRILORLIY deopfiy, any I's o
bl ock di agr #@m ofvideo¥d3oterc anteick buiep B2GH: 4Hd a drive 1208.
The recording operation of a DVD recording apparatus thus
comprised is described next below with reference to the flow charts in
Fig. 13, Fig. 14, and Fig. 15.
Operation starts when a user command is received by the user
15 interface 1201. The user interface 1201 passes the user command to the
system controller 1202. The system controller 1202 interprets the user
command, and appropriately instructs the various modules to perform the
required processes. Assuming that the user request is to capture a stili
picture and record the accompanying audio, the system controller 1202
20 instructs the encoder 1204 to encode one video frame and encode the
audio.
The encoder 1204 thus video encodes and then system encodes
the one video frame sent from the input section 1203, thus generating a
stili picture data VOB. The encoder 1204 then sends this still picture data
25 VOB to the track buffer 1207. (S1301)
This still picture data VOB encoding process is described more
specifically below with reference to Fig. 14.

The encoder 1204 first initializes the various time stamps. In this



Shown in Fig. 12 are: a user interface 1201 for presenting nessages to the
user and receiving commands fromthe user; a system 5 controller 1202 for
overall systemcontrol and managenment; an input sectionR¢l3820Bypically a
canera and m crophone; an encoder 1204, including a video encoder, audi o
encoder, and %Stem stream encoder; an output section 1205 XEI cally
conprising a A PE? and speaker; a decoder 1206, incl Gﬂlﬁds”%{ ! ystem
stream decoder, audi o decoder, and 10 vigleo decoder; a track buffer 1207;
and a drive 1208. The recording operation of a DVD recordi ng apparatus thus
conprised is described next beI owwth reference to the flow charts in

Fig. 13, Fig, 14, and Fig. Qperation starts when a user conmand is
recei ved by t hee&®ple, %reﬁﬁiseﬁhﬁaQYétefQG!PCKTﬁ@fmrSCRtférQa%QS’ mtializpdisses t he

user command t o dIPTSSHR BT5A8TYd0RE! (86 1dH2P%nd 80886 Rik£ ABkpOUBly 1202

interprets the user command appropr el’y ruct e varrous
modul es to perf ¢3tdQihdNote éhﬁll i (E’d\valde@ssesed Abs RTiS i initatlizedéo 98600 r equest

is to capture a ﬁﬁl%) pi cture and record the acconpanyi ng audi o, the
system contr ol Ié 'é 2 20 instructs the encoder 1204 to encode one vi deo

frame and eBcode t hdf smudiomrermaeamdmg i$ 2o doptetyd, dPe &teaseszand t hen
system encodes the o0 frame sent fromthe input section 1203, thus

generating a stpn\ferﬁqg?a "g PP dgéssto arpackanichrREkel Situctunge (S1404ds t hi s
still picture data GfceViR baci mdtﬁé&gt Q%étﬁge Jrsz?;gne&a%d %?&carl;qydﬁﬁs“ |

pi cture data VOB_encodi ngg process is describ speci el ow
with reference {180%rglculpies theSERCBES andBIS timas stamyist aad nrzmtstthese/arl ous

e S b bR S gl

it resets the systemcloc ef erence
10 that the SCR of the first pack is set to the initialization value of 0, and

the PTS and DTS are set to the Initialization values of 93003 (S0 kH2z)
and 90000 (S0 kHz), respectively. The SCR of the last pack in the stream
is forced to a time stamp earlier than 27000000 (27 MHz) minus the pack
transfer time Tp.
16 The encoder 1204 then loops back to S1402, and determines
whether still picture data recording has finished. If it has, the encoder
1204 notifies the system controller 1202 that still picture data VOB
generation has been completed. The system controller 1202 then
controls the drive 1208 to record the still picture data VOBs stored to the
20 track buffer 1207 to the DVD-RAM disc. (S1403)
it will also be obvious to one with ordinary skill in the related art
that while a DVD recording apparatus according to this preferred
embodiment of the invention records to DVD-RAM disc after all still
picture data VOBs have been generated, recording can proceed paraile!
25 to still picture data VOB generation to record the VOBs as they are
generated.,
Returning to Fig. 13, after still picture data encoding is completed,

the encoder 1204 determines whether there is an audio recording to



the PTS and DTS to 93003 (90 kHz) and 90000 (90 kHz), respectively.
(S1401) Note that if PAL video is used, the PTSis initialized to 93600
(90 kHz). 5 If still picture data recording is not conplldt & 8he encoder
1204- converts the still picture data to a pack and packet structure.

(S1404) Owcev&(g%é%g\ck and packet structure is generated, the encoder 1204
cal cul ates the DTS, and PTS time stanps, and i nser tECTHIREABI1 ya| ues to

t he pack and packet streamof still picturg data. (S1405) Note 10 that the
SCR-of the first pack is set to the initialilzation value of 0, and the PTS
and DTS are set to the Initialization values of 93003 (90 kHz) and 90000
(90 kHz), respectively, The SCR of the [ast pack in the stream is forced
to a time stanp 8a5qqee|f thergris 2it begio® @ncodingvtive) awdin dsta Sentjaok thet inpatsf er
time Tp. 15 The 2 ; 140 and det et nes
whet her still pi g{&;@gegzgté égﬁ%ggg%drt\'gﬁ’ﬁggpﬁg%i@% .nefa%é‘i’ F”%&s‘g‘?w hcoder
1204 notifi es t hto thedrasinbutfer 1207, ¢81302081806t still picture data VOB

generation has been ed._ . The systemcontroller 1202 then controls
the drive 1208 to reg'g’ﬁ%la?%{g d5tq |°P°?)‘¥BQ Preeegatis dgepdbad Arose specifierlly 20

track bufferS120elbw withereBvBhdedl Rlp s, (S1403) It will also be obvious to
one with ordinary skiJl in éhe related art that while a DVD recording
appar at us accor di ng t'0®eRFIgE12P4 firgdnitialiass dherBRR afd PT8 timevetamparinr ecor ds

L0 DD RAM di e is akarible, Rtdetd 1nePbishein Rl Brafeh, BRI CEERARATDI! o0

recordi ng can proceed parallel 25 to sti picture lon to
record the vVOBs Mbzhhayd dpidializgsntheaPd$. tRA3008i (89 kHzFi Notelthataft@e Still

pi cture data encgghiuiignddt; . encader 1204 det er m nes whet her
there is an audio recor disﬁa t%&ﬁ&jj&\'@@ﬁﬁg IS %EQ’#%@%PE&#M@G%H 46
10 to 93600 (S0 kHz). (S1501)
If audio data recording is not completed, the encoder 1204

converts the audio data to a pack and packet structure (S1504), and

calculates and insets the SCR and PTS time stamps (S1505). In this

example, the SCR of the first pack is set to the initialization value of
15 27000000 (27 MHz), and the PTS is set to 93003 (90 kHz).

The encoder 1204 then loops back to S1502, and determines
whether audio data recording has finished. If jt has, the encoder 1204
notifies the system controller 1202. The system controller 1202 then
controls the drive 1208 to record the audio data VOBs stored in the track

2 buffer 1207 to the DVD-RAM disc. (51503)

It will also be obvious to one with ordinary skill in the related art
that while a DVD recording apparatus according to this preferred
embodiment of the invention records to DVD-RAM disc after all audio
data VOBs have been generated, recording can proceed paralie! to audio

25 - data VOB generation to record the VOBs as they are generated.

The DVD recording apparatus continues recording still picture data

and audio data to the DVD-RAM disc using the above-described

recording method until the user stops stream recording.



encode. If there is, it begi“ri-éwé'h'é_b'di- ng the audi o data sent fromthe input

section 1203, and sequentially transfers the generated audjo data VOBs to

the track buffer 1207. (S1302, S1303) This audi o data encbgliJa§ 2030Ccess i s
descri bed nore specifically 5 belowwith reference to Fig. 15. The encoder
1204 first injitializes the SCR and PTS tinme stanps. In this exanple, it
sets the syst 8MEP8EKk reference SCR to 27000000 (27 MIZFFIERMYnitializes
the PTS to 93003 (90 kHz). Note that if tpx; si mul t aneously presented still
picture is PAL video, the PTSis initialized 10 to 93600 (90 kHz). (S
1501) If audio data recording is not conpleted, the encoder 1204 converts
the audio data to a pack and packet structure (S1504), and calcul ates and
insets the SCR and P¥$teR Wogﬁmgmm@medm thenusariis appliediisl the syistenSCR of
the first pack i t TP j 0, A 27 MHz),
and the PTS is s°;°t" grt6 gerg'%ggg%(ggﬁ i‘{%r.ﬁt?ﬁégé;%%@dg?‘ 91426‘431‘%@”&9‘19'%820 ack to
51502, and det erthushaendsyesiopgecendiigecotmand tedbe dinngddralR08] ancsberstrols f i t

has, the encoder i,fies e system rol]ler 1202. The system
control l er 1202 tpﬁéﬁ% ggﬁ% rt%)f%cqtr%é edf%\‘/aé"'ﬁ!% N e dras twe56896¥%at a VOBs
stored in tise trtheBVIRRAMMEIEEr 1207 to the DVD-RAM disc. (S1503) It w |

al so be obvious to 08 with ordinary skill in the related art that while a
DVD recordi ng appar & SORBIingg they 2Bpve-desenikad exequendsodtheemysteim t he

i nvention recor dantrondVi2d3 \ybskirafesad gﬁngphheﬁymg?%naqgéafggtqa%ﬁ(@xg deen

generated, recording can proceed par to au eneration
to record the VMEB 3ableangd REE tgblecasaskawn PhEigD8D(a) cend diives tepdrivad us

ising the above-qoncoi el ne cherbesiient e o i 4%, B30-BRYE e T eam
recording. ¥ 7 IB3R8®H03 WD 99/53694 PCTI JP99101811
Decision diamond §1305 then determines whether audio data was
recorded. If it was, the audio flag (Audio_Flag) is set to 1 in this example
(S1306); if there was no audio data, the audio flag (Audio_Flag) is reset
to 0 in this example (S1307).

15 The management information is also sst to adjust the cell playback
time (Cell_Playback_Time) for the still picture data and audio data to the
audio playback time.

The recording method according to the present invention as
described above thus records to DVD-RAM disc still picture data and

2 audio data in which the time stamps are assigned to predetermined
values.

The playback (reproducing) apparatus of the DVD recording
apparatus is described next below with reference to Fig. 12 and the flow
2 chart in Fig. 16.
Operation starts when a user command is recelved by the user
interface 1201. The user interface 1201 passes the user command to the

system controller 1202. The system controller 1202 interprets the user



47 A stop recording command fromthe user is applied to the system
controller 1202 fromthe user interface 1201. The systemfz%kzz&hl er 1202

t hus sends a stop recording conmand to the encoder 1204, a trols the
drive 1208 to record the remaining VOBs in the track buffer 1207 to 5 the
DVD- RAM di sc. After conpleting the above-described sequence, the system
controller 12(3‘?96’53%% ates a managenent information file P@Sﬂ?’ﬁ’f’mlng a VOB
table and PGC table as shown in Fig. 9 (g and drives the drive 1208 to
record the managenent information file to the DVD-RAM disc. 10 (81304)
Deci si on di anond S1305 then determ nes whether audio data was recorded. If
It was, the audio flag (Audio_Flag) is set to 1 in this exanple (81306);
if there was no°%nEaB 'd%{’cdaa,pptr%'aé%ﬁi”t?t”IUFfég}h?AéUP‘éﬁ_lnpdg'PSit%P?fé@r@! the o 0 in

this exanpl e (Slaifrkd pkocekd RIBARE ' i IS .al I ;Lo adjust
the cell pl ayba("lz‘%q)‘| rti r?é (eOeﬁ _Pl aybac%ﬁ'?ﬁrye)%%qtgﬁsét 'gtt?ﬁ%pﬁget 8'%%’ data and
audi o data to tHe systam copralgha2®2 conteols tHeedrivect208i tageaw theoPIGEctabledi Nng t 0

st b cture depietihythe sRERECL G8: BOR {Re AtRoPREN MR @iaRBe. ar - assi gned
to predeterf ned vdaheesystéme qonarghercla20pepiaugatagiinapPrepediits pEct he DVD
recordi ng appa 1s des bel ow wwth reference to Fig. 12 and

t i b
the flow 25 chﬁ?#’lsaﬁm&i ‘b“’.se%‘l?"e Epgﬁékoﬁbﬁ dped frgmendisc.u&eflowinamthed i s

received by thepgbick brabeindaatodlePine PBE Wismatiohe es the
user command to the systemcontroller 1202. 'ﬁ"ﬁe‘ s'y{sr{ee (':%T?Tn%g)S ?Ee? 1202

interprets the R reprodyses theysoossemeing MORs) M EOsk@tifically, the PGC
information contains the cell playback order. Each cell contains a

10 VOB_ID and VOB start and end address information. This cell
information is what enables accessing the still picture data VOBs.
(S1601)

The system controller 1202 then determines the state of the audio
flag (Audio_Flag) in the still picture data cell to be reproduced. (S1602)

15 If the audio flag (Audio_Flag) is set (= 1), the system controlier
1202 reads the extended audio VOB information, that is, the VOB_ID and
VOB start and end addresses, from the still picture data cell information
to read both the still picture data VOB and the audio data VOB to be
simultaneously reproduced. (S1603)

20 As described above, the cell address information is referenced to
the VOB, and VOB address information is referenced to the AV file. In
practice, therefore, the VOB address information is added to the cell
address information to calculate the address in the AV file that is used by
the DVD reproducing apparatus to access and read AV data recorded to

25 the DVD-RAM disc. (S1604)

It should be noted that if the audio fiag (Audio_Flag) is not set (i.e.,
is reset to 0), that is, only still picture data is to be reproduced with no

audio, the still picture data is presented for the time indicated by the



48 command, and appropriately instructs the various nodules to performthe
regui red processes. Assunming that the user request is Hg Qk@é She di sc,
the system controller 1202 controls the drive 1208 to rea @ PCGC t abl e
contai ning the playback order fromthe nmanagenent infornmation file. 5 The
systen1contro||er 1202 then determ nes specific PGC infg5ﬂﬁﬁbgn based on
the PGC tabl e O&%#*r om di sc. Fol | ow ng the playback or I cat ed by
the PGC i nformation, the systemcontrolle 1202 reproduces the
correspondi ng VOBs. More specifically, the PG information contains the
cell playback order. Each cell contains a 10 VOB |ID and VOB start and end
address information. This cell information is what enabl es accessing the

still picture d&%L?/@BEaCk_ﬂ'S‘l%S‘P)'eQ'WéhQ%ﬂ'@ﬂ?@@ﬁ'& infgrmation Site> t hen
determ nes the stat eﬂg-:LC e?‘gm&ss ff&ra&nﬁﬁﬁ'ﬂ] dg:glmhgasft h?:x&@t’el dathi Cture

data cell to be repro 1602 15 | Audi o_Flag) is
set (= 1), the s\msemctamlodlataeVOBaMenéaejsudlhélaexﬂad@eﬂlmw getven)

i nformation, that OB start and end addresses, fromthe
still picture dat ge%dé'lb q;é%ﬁé fu%@ﬂ@ b[e ?f-ead both the still pi cture data

VOB and t he saudi o darreat\r@ahbowseam Tonblier NR0RSfirkt fﬁd&oﬁuﬂmﬁblcttﬁ@l@éﬁ) 20 As
descri bed above, the cell addéuf?%r grbgornatlon is referenced to the VOB,
f

and VOB addr ess YO8 SHtadhe ack neeq fitge endioflpg jAudio_Fiag) i3 set i ce,

therefore, the WK&nrRédiHRSsedoabot sod tcpaeéo%eaxﬂdeéd.utﬂcthrued%' voa@%ﬁﬁgs
information to cal culate the address in the AV file that is used by the

DVD r epr oduci ng tegpimeanepsied Jo feaedre awdio rdatal VAR tMQ she tredk buffien H20725 t he
OVD- RAM i 5. (S48l PARElEcih bl e bd s 206 e o0

(Audio_Flag) is not set (i1.e., 1s reset S, only stlaftfI picture
data is to ®e ré{ﬁﬁ)dtwmn siatth. Fioe decrdieo 1206 thust riebts MREGustreaImBatorad

presented for ”}8 tHe q?ack%ﬂf?e@%??%n%&as%es? tFaéA‘ '\clie%ggg’d data to the output
section 1205. The output section 1205 outputs data received from the
decoder 1206 to the monitor and speaker at the presentation time
specified in the data.

15 By thus first reading and decoding still picture data as described
above, image data and audio data can be reproduced synchronized to a
specified presentation time once audio data reading begins.

it is important to note here that the decoder 1206 is able to
process a single still picture and accompanying audio data as a single

b.¢] VOB by constructing still picture data VOBs and audio data VOBs as
described above.

It should also be noted that while the present invention has been
described above with reference to a DVD-RAM disc, it can aiso be used
with other types of medié. The present invention shall therefore not be

25 limited to DVD-RAM discs and other types of optical discs.

Furthermore, the present invention has been described using by
way of example an audio stream as the stream to be simultaneously

reproduced with the still picture data system stream ST1. The invention



WO 99/ 53694 PCT/JP99/01811 49 Cel | PI ayback Time stored in the managenent
information file. The decoder process for continuously processing still
picture data VOBs and audi o data VOBs when the audio f1hgARAMeli o Flag) is
set (= 1) is described nore specifically below 5 That Is, the system
controller 1202 first reads a still picture data VOB |n &/fpébﬁn“a(:k buffer
1207, and if tWe¥&¥8to flag (Audio_Flag) is set, instru decoder
1206 to decode the still picture data VCB§ durlng the tine needed to read
the audio data VOB into the track buffer 8 The decoder 1206 is
Instructed to begin decoding as soon as audi o data 10 VOB reading starts.
The decoder 1206 thus reads MPEG streans stored to the track buffer 1207,
and passes the d@idwdbasedimited, heweuenpand otrarttyers abioformeten At $@8p section

1205 outputs dalgy 566t Y s PBAR s SOAER ShAh 691 Ll UG RAIvAYC

speaker at the prese tiron ti specl din data. 15 By thus first
readi ng and decogtiedg Fari bkampletma@andamymtsvmm stigene compeigi@gdat a and

audi o data can he,r duce c fi |ont|rre
once audi o dat ahl? g%?ﬂ%r?g ‘gag@%ﬁigﬂl tgrs& ﬁrﬁg%c’r gsrﬂseﬁ ﬁtg?'ggl %;P;{n%?ﬁ&iﬂ%

decoder 12065 s silzhea secord PeRReSsystemh mgleEmsfsitblprﬁVuGéWa@tnaﬁuﬂoasomnmnyl ng
audi o data as a sin 20 VOB b constructing still picture data VOBs and

audi o data VOBs %i%mgl%%%‘fﬂeﬁéwﬁﬁ 98 the phatpgrapRed silbPiSkI et ed that while the

present invention haggp@gther G- pidiast H¥BMEorhEE He%wé%eﬁsed AsigO¥e- RAM
disc, it can also be used wth other types of nedia. The Rresent i nvention

shal | therefore sitapthe wt for iinkied stib Pivimerymte @nd @udiondatat Abernatiyrly of
O o Seanpt B S s SPGBy BRBE AP A Ll o1 o
reproduced Wbt h ddte csuid be lnketum ¥ Oadrsitssyst em st ream STI. The i nvent ?/on
Yet further, the present invention has been described using same
the cell playback time (Cell_Playback_Time) information in the still
picture data and audio data. The cell playback time, however, need not
necessarily be the same. For example, the audio data information could
15 be given priority such that when the reproducing apparatus reads a
different cell playback time (Cell_Playback_Time) it ignores the playback
information for the still picture data. '
Yet further, the present invention has been described with the still
picture data VOBs and audio data VOBs recorded to an AV file
2 separately from other VOBs. The present invention does not impose any
limits on the AV file structure, however, and still picture data VOBs and
audio data VOBs can be recorded with other VOBs in the same AV file.

E ! ! M [ !l - I-

25 In an optical disc to which at least still picture data and audio data
are recorded to separate recording areas as MPEG streams having a
pack and packet structure, the time at which input of the last pack of still

picture data to the decoder buffer starts (system clock reference SCR2),



17 JAN 2003 WD 99/53694 PCT/JP99/01811 50 shall not be so limted,
however, and other types of information that can be output with a stil

pi cture data system stream ST1 can be alternatively use For exanple, a
secondary image system stream conprising bitmapped data of JANxggdata can
al so be used. At Eical application for 5 such a second inag§%s¥sten1stream
is to provide 8§ﬁ¥ ¥ifs or subtitles displayed superi mpos&d BOBHe

phot ographed still picture. Yet further, t@ﬁ present invention has been
described using the cell as the unit for [Finking still picture data and
audi o data. Alternatively, one cell could be equal to one VOB, and the
still picture data and audio 10 data could be linked in VOB units. Yet
further, the presend thentimatat whidhappiterfihelfiest patic df agdio glatatvethetdeeodes] |

pl ayback tinme (Cell_ Pl Ji informati LN the still picture data
and audio data. T %ﬁ%re %/R%I?%Eea@%}%c}(r{gf)er ggﬁ?ﬂﬁé%&e?ﬂfged Héd@%ﬁrﬁ?fl y be
the sane. For exathe gresérntenvention taledthfy the@qoatioron coul d 15 be given
priority such that wh the re cing apparatus reads a different cell
pl ayback time (Cel I_PMEQEﬁD%ggi t ignores the playback information for
the still picgureyfaearp %Qheftinetﬂéagired QQrstf‘e?r%é\b PN 88 tH A ddRsr BFRE

described with the still picture data VOBs and audio data VOBs recorded to
an AV file 20 separ atléls Makesitqrassible/topdecoypesoppeaieliirecordenstibmicienes not

i npose any limtsy fyble Ik ' re data
VOBs and audio datgt% g@:{%nh aes)fst(ta({:ﬁc‘:r%E géﬁ\?\ﬁ%&ﬁw@{ﬁg}he‘g@g% %\'hélﬁgﬂ ggr&re AV
file. Advantagesstéarmmhe i nvention 25 In an optical disc to which at |east

S gl S U 9302 A e 3 ool BRSBTS P o
i nput of the1bast spnpletod dita td theddedodes bdmérastbAs {BERIpaAdaimdEf rchstart s
(systemclock ref ?r{p%?%? thSeCIi-\)azs)t’pack of still picture data to the decoder buffer starts
(SCR2), and the time at which input of the first pack of audio data to the
decoder buffer starts (SCR3), to the following values:
SCR1=0
15 SCR2+Tp 5 27000000 (27MHz)
SCR3 = 27000000 (27MHz) _
still picture data and audio data encoded by different encoders can still
be decoded as though they are a single MPEG stream.
Furthermore, by recording the [still picture] data presentation start
y.9) time (PTS1) and audio data presentation start time (PTS3) as the same
values, still picture data can be presented synchronized to the audio data,
that is, presentation can begin simultaneously.
In addition, by defining the still picture data presentation start time
(PTS1) and audic data presentation start time (PTS3) as follows:
25  PTS1=PTS3 = 90000 (90kHz) + Tv
the decoder can synchronously reproduce even still picture data and

audio data encoded by different encoders.

Yet further, by setting an identification flag (Audio_Flag) for



JAN 2003 WD 99/53694 PCT/JP99101811 51 and the time at which input of the
first pack of audio data to the decoder buffer starts (system cl ock
reference SCR3), are recorded by neans of the present 1hyaRtimn to satisfy
the equation SCR2 + Tp s SCR3 5 where Tp is the tine require o transfer
one pack to the decoder buffer. This makes it possible to d d

separately rec¥P#Ed9%till picture data and audi o data s§§¥@§%®?feans as

t hough they are a single MPEG stream In dition, by recording the tine
at which input of the first pack of 10 still picture data to the decoder
buffer starts (SCR1), the tinme at which input of the |ast pack of stil
picture data to the decoder buffer starts (SCR2), and the time at which

i nput of the firgecigiex the presenes efgydie gatante begansheanoyglyfraprogiesd i ( SCR3) ,

to the follow ng I : = D S 0Q40Q0 7 | =
27000000 ( 27MHz) 1 4*?’%%"&95? Jitmation S AP Siciufo gy At ‘%yd%if o7 ent
encoders can st i Iréprobecing apprdtusscanhdetgiminé swhettvee thersi in udidViata totreeam
Furthernore, by recording th till picture ata.presentatiqgn start 20
time (PTS1) and &PRIPEUERS 48 ‘feéti'ntpé?tf"pn %r%"cfi?r‘éd'gPag‘?) 48 (tﬂ?fés s%rre

val ues, stills pi gyndrRostRisty @producedr esent ed synchroni zed to the audi o data,
that is, presentation can beﬁti?n si mul taneously. In addition, by defining

the still picture datAtugRdnt A essRt dvaption Pak bepAgESTIRAINRAINECHRL a
presentati on stargint i1HB (drdrerbd aenitdldimitis %rg’a?sjwilfhl Pleterenc® 0890 IOk Hz)  +

Tv the decoder can synchronously reproduce even sti Icture data and

audi o data encod@gctyppanying deawinghicthderts. be noted that various changes and
modifications will be apparent to those skilled in the art. Such changes

10 and modifications are to be understood as included within the scope of
the present invention as defined by the appended claims, unless they

depart therefrom.



Yet further, by setting an identification flag (Audio _Flag) for f? JAN 2003
WO 99/ 53694 PCT/JP99/ 01811 52 declaring the presence of audio data to be
synchronously reproduced in the managenent infornati on1quAai]% pi cture
data, an optical disc reproducing apparatus can determ ne ether there is
audio data to be reproduced, and still picture data andc% iglglsﬂata can
thus be 5 syMa®&¥¥usly reproduced. Although the present i hvention has
been described in connection wth the prg%erred enbodi ments thereof with
reference to the acconpanying drawings, It is to be noted that various
changes and nodifications will be apparent to those skilled in the art.
Such changes 10 and nodifications are to be understood as included within
the scope of the present invention as @&M8ed by the appended cl ai ns,

unl ess they  depart AGLRCEOMse Yhe! AN ARNEIR0! 20 PETLIEORL AT 52

CLAIMS 1. An optica I'S reproducl a reproducl ng appar at us
havi ng a decoderhavifg ardeco@gr ifler (88cHtledecader (58) 58 rahdoautput seadioni on

(55, 56), said optigcal disc.having recorded thereto 5 a video part stream
(STI) conpri si ng(%é' IPB%UP%‘Fic’tpw%#'ﬁ%i‘?vé“%@ﬁ?%ﬂeﬂ?ﬁ eE%ti || picture data for at
| east one pigture, agpGidwd fHtditfeddR (ST icoprising 2plucaitPbf Ghitkdcamainig a

plurality of units _containing audio data to be reproduced with the still
pi cture data; whBllRiFuedyafofiatieast ope pPictyrg 38dnp i nformati on indicative of

atime 10 required EﬁrauﬁiodS&Pg{rBQmp('SQQz?_%SnﬁﬂQnBLHrﬁU&n a rdlity! SFeurfifsanp
information includes a tine SCR2 indicative of a
containing audio data to be reproduced with the still picture data;
wherein said units store time stamp information indicative of a time
10 required for a decoding process and output,
said time stamp information includes a time SCR2 indicative of a
time at which the last unit in the video part stream is input to a decoder
buffer (53), and
a time SCR3 indicative of a time at which the first unit in the audio
15 part stream is input to a decoder buffer (57), and
said times SCR2 and SCR3 are defined to satisfy the following
equation:
SCR2 + Tp s SCR3
where Tp is the time required from the start to the end of inputting one

2 unit to a decoder buffer.

2. The optical disc as set forth in claim 1, wherein the time stamp
information further includes a time SCR1 indicative of a time at which the
first unit in the video part stream is input to a decoder buffer, and times
25 SCR1 and SCR2 are defined as follow:
SCR1=0
SCR2 + Tp < 27000000 (27 MHz)

where (27 MHz) indicates that the numeric value shown therebefore is a



time at which the 1'ast unit 1n the video part streamis input to a decoder
buffer (53), and a tinme SCR3 indicative of a tine at which the first unit
In the audio 15 part streamis input to a decoder buffer (57), @n@ﬂsaid
times SCR2 and SCR3 are defined to satisf§4the foll ow ng eqmaﬂhon' SCR2 +
Tp s SCR3 where Tp is the tine required fromthe start to the end of
inputting one 20 unit to a decoder buffer. 2. The optical disc as set
forth in claiml1l, wherein the tine stanp information further includes a
time SCRL i ndredlt®fea @f MHEiqleckt which the first unit in the video part
streamis input to a decoder buffer, and tines 25 SCR1 and SCR2 are
defined as follow SCR1L = 0 SCR2 + Tp s 27000000 (27 MHz) where (27 MHz)

i ndi cates thag t herRyrgstical \d@ibs eass RevAofthelre BRAR £, ivinéreld it SOR3 i 4
count of a 27 MHz clock. 3. The optical disc as set forth.in claim1l ,

wherein tine 8eMBedss:defined. as: 5 SCR3 = 27000000 (27 MHz). 4. The
optical disc as sef fqrth_i llains | to 3, wherein the tine stanp
informatidn: furt heéci%T%JQ@pawr@%P@éi ‘indicative of a tinme at which the
vi.deo part streamis 10 output fromthe output section (55, 56); tine PTS3
indicative of a tine at which the audio part streamis output fromthe
decoder (58); 4and TherusptickSHismds BESFoetheint by dnstainis 15to Ihevhepeinctie di sc
as set forth in any of clains | to 4, wherein the
time stamp information further includes:
time PTS1 indicative of a time at which the video part stream Is
10 output from the output section (55, 56);
time PTS3 indicative of a time at which the audio part stream is
output from the decoder (58); and

times PTS1 and PTS3 are the same.

15 5. The optical disc as set forth in any of claims 1 to 4, wherein the
. time siamﬁ Information further includses:
decoding start time DTS1 indicative of a time at which a dec;oder
(53) starts decoding the video part stream; and
time DTS1 is defined as:
20 DTS1 = 90000 (90 kHz)
where (90 kHz) indicates that the numeric value shown therebefore is a

count of a 90 kHz clock.

6. The optical disc as set forth in claim 4, wherein times PTS1 and
25  PTS3 are defined by the following equation:
PTS1 = PTS3 = 90000 (90 kHz) + Tv
where (90 kHz) indicates that the numeric value shown therebefore is a

count of a 90 kHz clock, and Tv Is the video data frame period.



tine stanp information further includes: decoding start time DTSl

i ndi-cative of a tinme at which a decoder (53) starts decodin hﬁe vi deo
part stream and time DTSl is defined as: 20 DTSl = 900U6368& Hz) where
(90 kHz) Indicates that the nuneric val ue shown therebefore is a count of
a 90 kHz clock. 6. The optical disc as set forth in claim4 %@Frein tinmes
PTS1 and 25 MPI%5¥¥e defined by the foll ow ng equationyqyﬁ§y —lPTS3 =
90000 (90 kHz) + Tv where (90 kHz) indicaggs that the nuneric val ue shown
therebefore is a count of a 90 kHz clocky and Tv Is the video data frane
period. 17 JAN 20U3 WD 99/53694 PCT/JP99/01811 55 7. The optical disc as
set forth in any of clains 1 to 6, wherein video and audio part stream
managenent information (Volume information) is further recorded to the

optical disc, and 5 na i nf J Vi . m
i ncludes an i dgﬂti f?ﬁ%toﬁg%qﬁsacg&( %‘mﬁ%ﬁw’? érgﬁ"aselﬁgr%i %5{%’2&@%?5 audi o
data to be reprariuawdio partcdtream rathagehéntt inforsation (Yolameriefalmation)8is An

optical disc recording a ratus for recording a systemstream 10
contai ni ng stil If“BP‘?:rt’%F@Pdgatt%t%@tﬁhgiﬁc'&ﬂda to be reproduced with the

still pictuse data pfanageent Medrnibitish foPake iv%éoegéﬂdstﬁédfhl\ 8ndlNdés an
reproducing apparatus having a decoder buffer (53, 57), decoder &24 58),
[

and out put sectideptification dlgy (Audiod Fiag iferadeeladng thererigi #Hfiagata if
comprising: an egalficed trikhton2llwit i SYaULGRR! O | er (1202); said

encoder (1204) generating a video part stream (STlI) conprising a plurality
of units containing still picture data for at |east one

8. An optical disc recording apparatus for recording a system stream
10 containing still picture data and audio data to be reproduced with the still
picture data to an optical disc that is reproducible by a reproducing
apparatus having a decoder buffer (53, 57), decoder (54, 58), and output
section (55, 56), said optical disc recording apparatus comprising:
an encoder (1204), and
156 a system controller (1202);
said encoder (1204) generating a video part stream (ST1)
comprising a plurality of units containing still picture data for at least one
picture, and
an audio part stream (ST2) comprising one or a plurality of units
20 containing audio data to be reproduced with the still picture data;
said encoder (1204) storing in said units time stamp information
Indicative of a time required for a decoding process and output;
whergin the time stamp information includes a time SCR2
indicative of a time at which the last unit in the video part stream is input
25 to a decoder buffer (63), and
a time SCR3 indicative of a time at which the first unit in the audio
part stream is input to @ decoder buffer (57), and
said times SCR2 and SCR3 are defined to satisfy the following



pi cture, and an audio part stream (ST2) conprising one or a plurality of
units 20 containing audio data to be reproduced with the still picture
data; said encoder (1204) storing in said units tine Stanﬁ)\)kﬁ'ﬁm”ﬁti on
Indicative of a tinme required for a decodi ng process and out put; wherein
the time stanp information includes a tinme SCR2 indicative of a tinme at
whi ch the | astV@#58%4 n the video part streamis input 25°%E2bcoder
buffer (53), and a tine SCR3 indicative of..a time at which the first unit
in the audio part streamis input to a der’@oder buffer (57), and said tines
SCR2 and SCR3 are defined to satisfy the following 1 JAN 2003 WD 99/53694
PCT/ JP99/ 01811 56 equation: SCR2 + Tp s SCR3 where Tp is the tine
required fromtheqwteant to the end of inputting one wunit to a decoder
buffer. 5 9. The opti LSC rding apparatus as set forth in claimS§,
wherei n the encoder %gﬁsﬁéggg as tinme stanp information: a tinme SCR1l
| ndi cative of a whem @p isvHectimb reqiliradSrondIthé stdnt tdtheverteof inpattingdneeam i s

I nput to a decoder_buffer (53), and 10 a tinme PTS1 indicative of a tine at
whi ch the video Haitfo adesedariaiien, i put fromthe output section (55, 56),
wherein timeg SCRI, SCR2, and PTSl are defined as follow SCR1L = 0 SCR2 s
27000000 (27 MHz) - Tp 15 PTS1 = 90000 (90 kHz) + Tv where (27 Miz)

i ndi cates that tBe nukher ppticad] disc JReqidinghaprasatusr as  setforth in claim 8,

wherein the encoder further stores as time stamp information:
a time SCR1 indicative of a time at which the first unit in the video
part stream is Input to a decoder buffer (53), and
10 a time PTS1 indicative of a time at which the video part stream is
output from the output section (55, 56),
wherein times SCR1, SCR2, and PTS1 are defined as follow:

SCR1=0
SCR2 s 27000000 (27 MHz) - Tp
15 PTS1 = 90000 (90 kHz) + Tv

where (27 MHz) indicates that the numeric value shown therebefore is a
count of a 27 MHz clock,
(S0 kHz) indicates that the numeric value shown therebefore is a
count of a 90 kHz clock,
2 Tp is the time required to transfer the last unit of the video part
stream, and

Tv is the video data frame period.

10. The optical disc recording apparatus as set forth in claim 9,
25 wherein the encoder further stores as time stamp information:
a time PTS3 indicative of a time at which the audio part stream is
output from the decoder (68); and
times SCR3 and PTS3 are defined as follow:



count of a 27 MHz clock, (90 kHz) indicates that the numeric val ue shown
therébefore is a count of a 90 kHz clock, 20 Tp is the tinme required to
transfer the last unit of the video part stream and Tv 7? Q@avi deo data
frame period. 10. The optical disc recordi ng apparatus as orth in
claim9, 25 wherein the encoder further stores as tine stanp information:
a time PTS3 i ndO4P3®™%e of a tine at which the audio part §FE€° Sf1s out put
fromthe decoder (58); and times SCR3 and BTS3 are defined as follow 17
JAN 2003 WD 99/53694 PCT/JP99/01811 57 é&RS 27000000 (27 MHz) PTS3 =
90000 (90 kHz) + Tv. 11. The optical disc recording apparatus as set forth
inany of clainms 8 5 to 10, wherein the systemcontroller generates video
and audi o part strea"‘rﬁ%né-’@@ﬁ%qqc (RAMH#rat i on, and stores in the managenent

information for the gorwaﬁldentlflcatlonflag (Audi o_Fl ag)
for declaring there |s aud| 0 c?a be Teproduced synchronized with the
still picture data. 10 12. The optical disc recording apparatus as set

forth in any of i to 11, wherein the syste nt rol | recqrds
audi o data repr 08 tlnig‘r? ‘ip"ﬁa' J‘f"‘deﬁcfm{yfgaM%tu?l I;nf Hea%ﬁafbaé%%{
information gor tdhaoawhersinané systerneaahtrdn%rlg?aneéétegmaé‘@landl &fdué gqroduci ng
apparatus for reproducm an o tlcal disc as set forth in claim7, said

optical disc repPBeRRi MF ggwp % Jaformation, and stores in the management
information for the video part stream an identification flag (Audio_Flag)

for declaring there is audio data to be reproduced synchronized with the
still picture data.

10
12.  The optical disc recording apparatus as set forth in any of claims 8
to 11, wherein the system controller records audio data reproduction time

(Cell_Playback_Time) in the management information for the audio part
stream.

15
13.  An optical disc reproducing apparatus for reproducing an optical
disc as set forth in claim 7, said optical disc reproducing apparatus
comprising:
a decoder buffer (53, 57);
2 a decoder (54, 58);
an output section (55, §6); and
a system controller (51);
wherein when the system controller (51) detects that the
identification flag (Audio_Flag) is set, the system controller (51)
25 synchronously reproduces still picture data in the video part stream and

audio data in the audio part stream,

14. The optical disc reproducing apparatus as set forth in claim 13,



conprising: a decoder buffer (53, 57); 20 a decoder (54, 58); an output
section (55, 56); and a systemcontroller (51); wherein when the system
controller (51) detects that the identification flag (AMUANRI3Q) is set,
the systemcontroller (51) 25 synchronously reproduces still picture data
in the video part streamand audio data in the audio p 14. The
optical disc Pﬂb?ﬁﬂ%%lng apparatus as set forth in clalﬁ%%géﬁﬁgﬁpkhlzoo3
WO 99/53694 PCT/JP99/01811 58 wherein mhg the systemcontroller (51)
detects that the Identification flag (Audio_Flag) is set, a decoder (54)
conpl etely decodes one picture of still picture data recorded to the video
part stream and sends the decoded data to the ut section (55, 56); a

decoder (58) thevheieRowhen g P%StP@pF%[RUPhésau%?tSC'éa{‘gat oo ldetificdionhe audi o

part stream andﬂa%'(?ﬁgﬂ,t fldg9s &t still picture data from output section
(55, 56) begins tart of audio presentation. 10 15. An optical disc

recordi ng met hod f or aidecederi(hg) eompletebndeqades ®nequctues of siil Féi@flul'? dgfact ur e

ot feard o, Iatardef (81ink SRR AR Ll ah8 Sefils the dBEEIAY BafdRllurcd 2"

optical disc that reproducing ap a avi ng
decoder buf fgr (dﬁﬁput&E):tlordesfpﬁe) (54, 58), and out put 15 sectlon (55 56),

Fecor ding st ep for BASFARGUEE) SIRILOSHEPE WB BRI RTE R R LT A
plurality of unifnealtpigrtdresit:ldndpi cture data

presentation of still picture data from output section (55, 56)
begins with a start of audio presentation.

10
15. An optical disc recording method for recording a system stream
containing still picture data and audio data to be reproduced with the still
picture data to an optical disc that is reproducible by a reproducing
apparatus having a decoder buffer (63, §7), decoder (54, 58), and output
15 section (55, 56), said optical disc recording method comprising:

a video part stream (ST1) recording step for recording a video part
stream (ST1) comprising a plurality of units containing still picture data
for at least one picture;

an audio part stream (ST2) recording step for recording an audio

20 part stream (ST2) comprising one or a plurélity of units contalning audio
data to be reproduced with the still picture data; and

a time stamp information recording step for recording time stamp
information Indicative of a time required for a decoding process and
output to said units; '

25 wherein the time stamp information includes a time SCR2
indicative of a time at which the last unit in the video part stream is input
to a decoder buffer (53), and

a time SCRS3 indicative of a time at which the first unit in the audio



for at |east one picture; an audio part stream (ST2) recording step for
recording an audio 20 part stream (ST2) conprising one or a plurality of
units containing audio data to be reproduced with the st,il I%}giz@?ure dat a;
and a tine stanp Information recording step for recordi né"t st anp
information Indicative of a tinme required for a decodi ng process and

output to sai dVINPE 25 wherein the time stanp informat FSHE}MPdes a tine
SCR2 Indicative of atinme at which the Iasp unit in the video part stream
is input to a decoder buffer (53), and a me SCR3 Indicative of a tinme at
which the first unit in the audio 17 JAN 2003 WD 99/53694 PCT/JP99/ 01811
59 part streamis input to a decoder buffer (57), and said tinmes SCR2 and
SCR3 are defi ned raot sfegans fsyinputdofapddoodeniuffer¢8ig)t aot: SCR2 + Tp s SCR3 5

where Tp Is the tine-_/ | I edAfy.0m art tp t end of i tting one
unit to a decoder buf?ge'g. Hﬁ{)s gﬁﬁ{g 85% .%g%lfé ar%gaﬁ%%[g?%lisﬁgs&etpﬁgg}f% NGet
forth in claiml%quatiemein the time stanp Information further Includes: 10

atime SCRI indicativ ti which the first unit in the video part
streamis input to a g‘é@%cﬁp 5%@ (53), and a tine PTSl indicative of a

tine at whi Chs_th&vnér%gT BaRE tiFid: Rflired frd?rUiHBJEtathGWhé'b"ndoé*tiﬁﬁﬁttiﬁq%hbon (55,
56), wherein tinmes S , SCR2, and PTSl1 are defined as follow 5 SCR1L =0

SCR2 s 27000000 (Wit tmadecedembuffersy = 90000 (90 kHz) + Tv

16. The optical disc'reco_rding method as set forth in claim 15, wherein
the time stamp information further includes:
10 a time SCR1 indicative of a time at which the first unit in the video
part stream is input to a decoder buffer (53), and
a time PTS1 indicative of a time at which the video part stream is
output from the output section (55, 56),
wherein times SCR1, SCR2, and PTS1 are defined as follow:
15 SCR1=0
SCR2 < 27000000 (27 MHz) - Tp
PTS1 = 90000 (90 kHz) + Tv
where (27 MHz) indicates that the numeric value shown thersbefore is a
count of a 27 MHz clock,
20 (90 kHz) indicates that the numeric value shown therebefore is a
count of a S0 kHz clock,
Tp is the time required to transfer the last unit of the video part
stream, and

Tv is the video data frame period.

17. The optical disc recording method as set forth in claim 16, wherein
the time stamp Information further includes:

a time PTS3 indicative of a time at which the audio part stream is



where (27 MHz) indicates that the numeric val ue shown therebefore Is a
count of a 27 WMHz clock, 20 (90 kHz) indicates that the nunmeric val ue shown
therebefore is a count of a 90 kHz clock, Tp is the tine jaRtgsred to
transfer the last unit of the video part stream and Tv is the video data
frame period. 25 17. The optical disc recording nmethod g?” Shudiprth in
claim16, wher¥PH53he tine stanp Information further includes: a tine PTS3
indicative of a time at which the audio pgpt streamls 1 7 JAN 2803 WD

99/ 53694 PCT/JP99/01811 60 output fromthe decoder (58); and tines SCR3
and PTS3 are defined as follow SCR3 = 27000000 (27 MHz) PTS3 = 90000 (90
kHz) + Tv. 5 18. The optical djsc recording nethod as set forth in any of
claims 15 to 17°utpulfremathe 8egades (3R} a nanagement information recording

step for recording nRRRABERNEnd PTEBIERS UeMhddds folléwvi deo and audi o part
streans, and 10 generates in the nanagenent information for the video part

stream an identifi catSGB *RE80Q000dRS MHzlg) for declaring there is audio
data to be reproduccﬁ-s%yp Sﬁw@éq@w\ﬁgﬂ the still picture data. 19. The
od as se i

optical disc recording net forth in claim18, wherein 15 an
audi o data reproduction tinme (Cell _Playback _Tine) is further stored in the
managenent i nfor

reproducti on net f 'Eji %Pféjpéiﬁ%'gﬁﬁgf%é?ﬂﬁgkﬁfggJ a5 Sot %th iﬁnan%tfi‘:?a? sqissc
to 17, further comprising:
a management information recording step for recording
management information for the video and audio part streams, and
10 generates in the management information for the video part stream an
identification flag (Audio_Flag) for declaring there is audio data to be

reproduced synchronized with the still picture data.

19. The optical disc recording method as set forth in ciaim 18, wherein
15 an audio data reproduction time (Cell_Playback_Time) is further stored

in the management information for the audio part stream.

20. An optical disc reproduction method for reproducing an MPEG
stream recorded to an optical disc as set forth in claim 7, said optical
20 disc reproduction method comprising:

a detection step for detecting whether an identification flag
(Audio_Flag) for declaring there is audio data to be reproduced
synchronized with the still picture data is set in the management
information of still picture data for a single picture; and

2 a playback step for synchronously reproducing still picture data
and audio data according to the detected state of the identification flag
(Audio_Flag). |



stream recorded to an optiééfmdisc as set forth in claim7, said optica
20 di'sc reproduction nmethod conprising: a detection step for detecting
whet her an Identification flag (Audio Flag) for declaring there is audio

data.to be reproduced synchronized with the still picturel daN2MBs set in
t he managenent information of still picture data for a si n%’le gli cture; and
25 a pl ayback g’?éﬁ”f’ér synchronously reproducing still piPST' PE%dta  and

audi o data according to the detected stat?, of the identification flag
(Audi o_Flag). 17 JAN 203 WD 99/53694 PCf/JP99/01811 61 21. The opti cal
di sc reproduction nethod as set forth in claim20, wherein the playback

step for synchr ousJ&\{ regrodyci ng still|l picture data and audj o data
conprises: a decddi n§'%&©BHcdise JRproducting methodi Ag setiferth gncelaim 2@at a 1 or
one 5 picture agHepéid the bRYLAK SRbeRH 8 i tdsfii Gat - on flag
(Audi o_Flag); a repr OdUCi?lgySt ep fBr tﬁégpléﬁc{egﬁl I nééﬁgﬁglu?ﬁ%rgggu@?wgt he
audi o data; whelatd and audiediata eqmerisesded still picture data starts 10

simul taneously to a §td@56di% s?elbdf.op cgh%?b?i%%teicgang still picture data for one
5 picture according to the detected state of the identification flag
(Audio_Flag);
a reproducing step for then decoding and reproducing the audio
data;
wherein  reproducing decoded still picture data starts

10 simultaneously to a start of audio presentation.



