RECORDI NG MEDI UM PLAYBACK DEVI CE, AND | NTEGRATED CI RCU T [ Techni ca

5[ 0001]

The present invention relates to a technol ogy for

Fi el d]

st ereoscopi ¢ video playback and especially to the allocation of a video
stream on a recordi ng medi um 10[ Background Art] [0002] For

di stribution of noving i mage contents, optical discs such as DVDs and
Blu-ray discs (BDs) are widely used. BDs are with | arger capacity conpared
with DVDs and thus capable of 15 storing high quality video inages.
Specifically, for exanple, a DVD is capable of storing standard defin

(SD) | megess@RITI®: MEROIuM | 0510 s 40 DBl acoas dhatedonthe Maeuand
720x480 according to the NITSC standard. In contrast, a BD is capable

storing high definition (HD)

1080. [0003] In recent years, there is an increasing nunber of novie
t heat er s Whettenicisst GiRyisilcan enj oy stereoscopic (which is also referred to
as three-dinensional (3D)) video inmages. In 25 response to this trend
devel dpnefat01df a technol ogy are underway, the technol ogy for storing

vi deo i mages onto an optical

Here, the The present invention relates to a technology for
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sterecscopic video playback and especially to the allocation

of a video stream on a recording medium.

[Background Art]
[0002]

For distribution of moving image contents, optical discs
such as DVDs and Blu-ray discs (BDg) are widely used. BDs are
with larger capacity compared with DVDs and thus capable of
storing high gquality video images. Specifically, for example,
a DVD is capable of storing standard definition (SD) images at
the resolution of 640 x 480 according to the VGA, and 720x480
according to the NTSC standard. In contrast, a BD is capable
of storinghigh definition (HD) images at the maximum resoclution
of 1%20 x 1080C.

[0003]

In recent years, there is an increasing number of movie
theaters where customers can enjoy stereoscopic (which is also
referred to as three-dimensional (3D}) videc images. In
response to this trend, developments of a technology are
underway, the technology for storing 3D video images onto an

optical disc without degrading high image quality. Here, the
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di sc without degrading high imge quality.



requirenent to be satisfy is that 3D video i mages are recorded on optica
discs in a manner to ensure conpatibility with playback devices having only
pl ayback capability of two-dinensional (2D) video inages (which is also
referred to 5 as nonoscopic video inmages). Such a playback device is
hereinafter referred to as "2D pl ayback device". Wthout the conmpatibility,
it is necessary to produce two different optical discs per content, one to

be used f,Ql3DMiLR0 Bl ﬁxb@a%%d &gg%hgkhﬁb + Qi 2 Prikicd @05 Pl aybackaedhi

woul d cause I ncrease i n cost. ordingly, 1t is desirable to provide an

optical QiCostprdNIa3B-%i de0 4 MRUSSe1 Nta BRAMRL thadp=A 142 10l @y backn devi ce
is allowed to execute 2D video playback and that a playback device

supporti wadiackastibesh ZRvamd 3Rgvi-@eopirpaask( Wiisghadis ifer ei gaf ter
referred&?gggs "2D/ 3D playback degfce") fs glﬁgﬁed 15 f%ﬁgxecgﬁé both 2D

and 3D vigde pirthacdna] 0004] Wideo FRagesa (SGHeMticCalbagraneiikastoati ng
the mechanismfor ensuring the conpatibility of an optical disc storing 3D
vi deosi mages monblac2Pipl aybask dendgpes) (s@acBat entplBotamnt deyic20 As
optical disc 2401 has a 2D/l eft-view AV (Audiovisual) streamfile and a
right-vi eveirstimamfdiiernrecdroded 'Ber ednybiné 2BFEett - viienhdAWtstheam
contains a 2D/l eft-view stream The 2D/l eft-view stream represents video

i mages t adepati bl oithies hefesepayofo @reidawer twa dgtfdegesdoppcipiayback
and on the 25 other hand, also allows the use in nonoscopic playback. The
right - vi e 99 pereadEEne, (oM dionbedige@Hiow PBW sdeeamhayhack and the

other for 2D video playback. This would cause increase in cost.
10  Accordingly, it is desirable to provide an optical disc storing

3D video images in a manner that a 2D playback device is allowed

to execute 2D wvideo playback and that a playback device

supporting plavback of both 2D and 3D video images (which is

hereinafter referred teo ag “2D/3D playback device”) is allowed
15 to execute both 2D and 3D video playback.

[0004]

FIG. 59 is a schematic diagram illustrating the mechanism
for ensuring the compatibility of an optical disc storing 3D
video images with 2D playback devices (see Patent Document 1).

20 An optical disc 2401 has a 2D/left-view AV (Audio Visual) stream
file and a right-view AV stream file recorded thereon. The
2Dh/left-view AV stream contains a 2D/left-view stream. The
2D/left-view stream represents video images to be visible to
the left eye of a viewer in stereoscopic playback and on the

25 other hand, also allows the use in monoscopic playback. The
right-view AV stream file contains a right-view stream. The

right-view stream represents video images £o be visikle to the
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right-view streamrepresents video inmages to be visible to the right eye
of a viewer in stereoscopic playback. The video streans have the sane frane
rate but different presentation times shifted fromeach other by half a
frame period. For exanple, when the frane rate of the video streans is 24
frames per second, 5 the franmes of the left- and right-view streans are
alternately displayed every 1/48 second. [0005] As shown in FIG 59,

the 2D/ | gfitgnti edyandsr EgRtiaNjcaW AY stepadsbbhes g&ay@b\ékde@-ﬂéﬁtﬁ@eq
plurality of extents 2402A-2402C 10 and 2403A- 2403C, respectively, in GOPs

(group ofs Gl esvonidie ot iGalndisa24Qk dirteidnt gpeds@xi£ogont ai ns
at | east one GOP. Furthernore, the extents 2402A-2402C of the 2D/l eft-view

AV streaminidLspndtthE @Mt €8EE 2RI PHIE D rbhe péaiid vFew MAamiream file
are alternately arranged on a track 15 2401A of the optical disc 2401. Each
two adj acgn exbeirsana?482A-cHO8A vi2? B+ 24688 and428He2403Gd@awedt he sane
| ength of playback tinme. Such an arrangenent of extents is referred to as
an i ns er [tday édaaesanfertenile f6&-oapd wifglexteiws steeardedrem breTmeel eaved
arrangenment on a recodi ng nmedi um are used both 20 in stereoscopic playback
and nonostigiplaysdydbeack; Bstdestyamskd bel ow. [0006] As shown in FIG 59, a
2D pl ayback devi ce 2404 causes a 2D optical disc drive 2404A to
sequent i alddPilead the extents 25 2402A-2402C of the 2D/ eft-view AV stream
fromthe optical disc 2401 and a vi deo decoder 2404B to sequential]ly decode
the read exterdts Shavd! |igf FI6H e RO r RR6s2D406LE -KieH rBIUFigRTeviey s,

stream files are divided into aplurality of extents 2402A-2402C

10 and 2403A-2403C, resgpectively, in GOPs (group of pictures) on

the optical disc 2401. That is, each extent contains at least

one GOP. Furthermore, the extents 2402A-2402C of the

2D/left-view AV stream file and the extents 24034-2403C of the

right-view AV stream file are alternately arranged on a track

15 24012 of the optical disc 2401. Each two adjacent extents

2402A~2403A, 2402B-2403B and 2402C-2403C have the same length

of playback time. Such an arrangement of extents is referred

to as an interleaved arrangement. Groups of extents recorded

in an interleaved arrangement on a reching medium are used both

20 in stereoscopic playback and moncscopic playback, as described
below.
[0006]

As shown in FIG. 59, a 2D playback device 2404 causes a

2D optical disc drive 240424 to sequentially read the extents

25 2402A-2402C of the 2D/left-view AV stream from the optical disc

2401 and a video decoder 2404B to sequentially decode the read

extents into left-view frames 2406L. As a result, left views,
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i.e., 2D video inmages are played back on a display device 2407. Note that
the arrangenent of the extents 2402A-24020 on the optical disc 2401 is
designed in view of the seek performance and the reading rate of the 2D
optical disc drive 2401A so as 5 to ensure seanl ess playback of the

2D/l eft-view AV streamfile. [0007] As shown in FIG 59, a 2D/ 3D

pl ayback devi ce 2405, when accepting the selection of 3D video pl ayback

from the jopticab i %ﬂ-%%/elscéﬂé 851 Ae3Prark 6als disp1dri devR485A dn.

alternatel’y 10 read the eft-view AV stream file and the right-view AV

stream f iNc@ xRt thie extremgdilaim WFe oRd isalerdis @ 2N, 2a1E @peaidical ly,
in the order of the reference nunbers 2402A, 2403A, 2402B, 2403B, 2402C,

and 2403Bpt@cdiheiseadsoxt eotdesidtase ikehorgi b thet bhecRRpdwefdmndmye st ream
are supplied to a left 15 video decoder 2405L, whereas those belonging to
t he rightand eWwestreadimar easappf i ek D aptiightl- dideoddegedes 02405R asThe

vi deo decoders 2405L and 2405R alternately decode the received extents into
vi deos f r aneen2d06|scaml 20 Rayvbespert ithel I0/ Msfn-viswlRY skebtamafidle i ght
video images are alternately displayed 20 on a 3D display device 2408. In
synchroni @&067dn with the switching between I eft and right video inages, 3D
gl asses 2409 cause the left and right | enses to opacity alternately.
Through the 3Bsylshoves ipa63G-t RE . virded/ Phugbavhbresefeedcon4 b, dvsgh ay

devi ce 2408 appear to be_3D video i mages. 25[0008] As descri bed
above, tREqERENBEREISaLEaRieRePt FhaBIARP B OPEKaf TeFsENARRHYEBD vi deo

i mges to_be used for both 2D video_pl ayback by _a 2D EI a%fack devj ce and
-3D vi deo 15y B4ER - bGRASSBYBBLPRY bERE GetF HL1RSFEPENEL TS BFPEY ent

Docugent s]. 1.9040] LPar ent Dpcurept 13 2apgnese Bl ot Ny 935507 Lummry
stream file extent by extent from the optical disc 2401, more
specifically, in the order of the reference numbers 2402A, 24034,
2402B, 2403B, 2402C, and 2403B. 0f the read extents, those
belonging to the 2D/left-view stream are supplied to a left

15 video decoder 2405L, whereas those belonging to the right-view
stream are supplied to a right-video decoder 2405R. The video
decoders 2405L and 2405R alternately decode the received
extents into video frames 2406L and 2406R, respectively. As a
result, left and right video images are alternately displayed

20 on a 3D display device 2408. In synchronization with the
switching between left and right video images, 3D glasses 2409
cause the left and right lenses to opacify alternately. Through
the 23D glasses 2409, the video images presented on the display
device 2408 appear to be 3D video images.

25 [ooc8]

Ag described above, the interleaved arrangement enables

an optical disc having 3D video images to be used for both 2D
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[ 0010] There are optical discs having a plurality of recording |ayers
such as a dual layer disc. Wth such an optical disc, a series of AV stream
files may be recorded on disc areas 15 extending over two |ayers. Even with
a single layer disc, in addition, a series of AV streamfiles maybe
recorded on separate areas between which a different file is recorded. In
such cases, the optical pickup of an optical disc drive needs to execute a
focus | ugpagh glgfze%kl BYPai #o A3t & ek by {EOmBANS ORI R pAQydaetk The
focus junp iIs Junp caused by "a l'ayer switching, and the track junp is a
junp cau5§dabgnz3ﬂgggg§5gcgfdbgqc@pticaI pi ckup in a radial direction of
the optical disk. nerally, these junps involve |onger seek tinme, thus
called long junps. Ensuring seamn ess video playback regardl ess of a | ong
junp needs 25 the extent accessed inmediately before the long junp to have
a | arge qrzgceaogghitiet3ati sfy the condition for preventing buffer underf
low in a video decoder during the long junp. [0011] In order to

sati sfy t[ratahaveoranmenaaéd condition in both 2D and 3D vi deo pl ayback when
the 2D/l eft-view AV streamfile and the right-view AV streamfile are
arranged [iooo&d i nterl eaved 5 manner as shown in FIG 59, however, the area
accessed i medi ately before the long junp needs to have a larger size of an
ext ent of[Peltenti Gotcuwieaw AV stpemady Ratantadii + ivB 3P A sufficiently

| arger size of the extent of the 2D/l eft-view AV stream since both the
extents have the sanme playback tinme. 10 As a result, a 2D/ 3D pl ayback
device needs to allocate a | arger buffer capacity to a right video decoder,
t'he buff dEUEEREY Of FHEAL4FENn that satisfying the above-nmenti oned
condition. This is not desirable since it prevents further reduction in
buf f &% caFEGHY SErid PR i nprovenent in nenory efficiency of a 15

pl ayback devi ce. [0012] An object of the present inventionis to
provi de a rdi ng medi um having streamfiles recorded thereon in an

AT A0ETENT (Gl Lo LIS oL o LrDe BULLESE0as1 caRanpgeosary
layers such as a dual layer disc. With such an optical disc,
a series of AV stream files may be recorded on disc areas
15 extending over two layers. Even with a single layer disc, in
addition, a series of AV stream files may be recorded on separate
areas between which a different file is recorded. In such cases,
the optical pickup of an optical disc drive needs to execute
a focus jump or a track jump in data reading from the optical
20 disc. The focus jump is a jump caused by a layer switching, and
the track jump is a jump caused by a movement of the optical
pickup in a radial direction of the optical disk. Generally,
these jumps involve longer seek time, thus called long juﬁps.
Ensuring seamless video playback regardless of a long jump needs
25 the extent accessed immediately before the long jump to have
a large size enough to satisfy the condition for preventing

buffer underflow in a video decoder during the long jump.
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A recording nedium according to the invention 25 includes a base-vi ew
streamfile and a dependent-view streamfile recorded thereon. The
base-view streamfile is to be used for nonoscopic video playback. The
dependent-view streamfile is to be used for stereoscopic video playback in
conbination with the base-view streamfile. The recordi ng nedium has a

st ereoscopi ¢/ nonoscopi ¢ shared area, a stereoscopic specific area, and a
nmonoscopifgp®i1§pecific area. The stereoscopi ¢/ nonoscopic shared area is a
contiguous area to be accessed both while a stereoscopic video is to be

pl ayed back ane whiike o FOROSEYPLBe \disteee 4 teritol dreeplaydd thaekin Buch

st ereoscopi ¢/ nonoscopi ¢ shared area is also an area in which a plurality of
extents 30 bhabopgivnpddé® gle/dmse-wHeewtsier eahlEifbevand AV pdredn tii lof
extents belonging to the dependent-view streamfile are arranged in an

i nterl eawad timeneghtBotiewAVtdte-estief tdscoE erspegefliin andantanl ¢dwed
nonoscopi ¢ specific area are contiguous areas | ocated one after another
next & o ttheankdd séer edsoOpi CANONUSCcoPi9c shavederr eé;he'l'hérgﬁer%‘?ﬁﬁﬁﬁﬁ
specific area is an area to be accessed imedi ately before a |long, junp
occur ri ngnineddedredos besicrey itiigo Longy bagk. PFRESster YR opi FAEFREIFIZ area i s
al so an area in which extents belonging to the base-view streamfile and
extents 2§ b&l 6xgeng 06 the ééﬁéﬁd@ﬁ?WVﬁ€M§§FF§@n¥%??el%r%d%}?%ﬂﬁéHD|n an

i nterl eaved manner. The extents recorded on the st eoscopi ecjfic area
are next & FUSEAER alar lapgeax FéREs OfeEBFIBHTBHEL A E?%r%@@%%%deHﬁﬁoscoplc

shared area. The npnosco specific area i s area to, be accessed 25
_|nned|at@IySE€F8FbsénF8 OFBnﬁh%é%iﬁ%ﬁFﬁfhﬁ¥%ﬁ§ﬁﬁsEaBFcP%?%B%C%|%ﬁ%%ck The
el oty 8% R taeks Pl SBRThnris Ui e oPeear 15 Ao s A ¥ copi ¢

f Ad Ef f.ect I d
Theges. A SATRaR Fone e e G R SR B R R S eent
| nvert! on %ggeq_r Lhed ¢ 3%%&&@ £y 2hE'80SBBLE- rﬁQEEicgh&d%%?ﬁl:t%cﬁPC’Pﬁ:?@d

i mredi at efore a unp” octurring in stereoscopic ayback, whereas
the is not desirable since it prevents further reduction in buffer

capacity and further improvement in memory efficiency of a
15 playback device.
[0012]
An object of the present invention is to provide a
recording medium having stream files recorded thereon in an
arrangement to allow further reduction in the buffer capacity

20 necessary for stereoscopic playback.

[Sclution to Problem]
[0013]
A recording medium according to the invention
25 includes a base-view stream file and a dependent-view
stream file recorded thereon. The base-view stream file

is to be used for monoscopic video playback. The
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10 nonoscopic specific area is accessed i medi ately before a |long junp
occurring in nonoscopi ¢ playback. Thus, the playback path for stereoscopic
pl ayback and the playback path for nonoscopic playback are separated

i mredi ately before their respective long junps. This allows the extent
sizes of the streamfiles arranged 15 on the stereoscopic specific area to
be determ ned regardl ess of the extent size of the base-view streamfile

arranged Rid Ng-APNQICRPIE APSR I 1 Tedl 82 o BSPE &N | for S Z8BeaBE M
arrangenent” of extents recorded on the stereoscopic specific area are

al I oved 0 Qe dgshgpadti o satbsbY na Mo hei eRNdhel & Jorv20ws samcess
pl ayback of stereoScopic video i mages. | ndependently of that, sizes and an

arrangenmgitl ©f e entsoi-ad el e diuh ga SoA0SEOPEO ssReei d / noavea i al | owed
to be designed to satisfy only the condition for seanl ess pl ayback of
nmonoscopighatd@atemgess tAscngmspl ¢ sfawt beér ardactdmd a mohbedng fer
capacity 25 necessary for stereoscopi c playback can be achieved. [Brief
Descrj pt ispeof f Drasiags] Thg0Oi6leoscopl Ef GondsicorE ¢ dimmed adeéagram
showi ng a type of usage of a recording nediumaccording to a first

enbodi merst comtigupueseneai nwer ismrges55ead bethswhidehansit fredisaPradg show ng
the data structure of a BD-ROM disc shown in FIG 1; FIG 3.is a
schemat | o7idlagr am skolieng bayeddbrdkaed svBide iEn HNPAFER T ML &PWN i n

FIG 2; FIG 4 is a schematic diagram show ng el enmentary streans
10 nul ti plexed e rhavedt bagk-f Mhe Z0462CaSEPHGT BPNOF e 15 é}%g shown

in FIG 2; . FIG 5 is a schemati¢ diagramshowng an arrangenent of
packets iaF@acH Sl @KERt & §Fﬁé‘an3r113rul“’§"llﬁléx§d E?Jnu-'F#elgx\Y Pt e &R TGS shown

in FIG 2; 15FIG 6 is schemati ¢ di agram show n detail of.a nmethod for
Sor iy BT aRELEE banEPm BoREs et Crembut i Brd opiurel s &y BE"0 )

[, 15 MEEeTn Vvt PR VLG SR ng g Loraal, o, TRpacket.
constit Utaixflga%lggdb‘nl.ﬁ asr} Elel%rgrfﬂelaeved manner. Both of the sterecscopic
specific area and the monoscopic specific area are
contiguous areas located one after another next to the
15 stereoscopic/monoscopic shared area. The stereoscopic
specific area is an area to be accessed immediately before
a long jump occurring in stereoscopic video playback. The
stereoscopic specific area is also an area in which extents
belonging to the base-view stream file and extents
20 belonging to the dependent-view stream file are arranged
in an interleaved manner. The extents recorded on the
stereoscopic specific area are next in order after the
extents recorded on the stereoscopic/monoscopic shared
area. The monoscopic specific area is an area to be accessed
25 immediately before a long jump occurring in mMONoOsScopic
video playback. The monoscopic specific area has a copy

of the entirety of the extents that belong to the base-view

7



20 shown in FIG 5; FIG 8 is a schematic diagram show ng the data
structure of a PM,; FIG 9 is a schematic diagram show ng the data
structure of 'a clip information file showmn in FIG 2; 25FIG 10 is a
schematic di agram showi ng the data structure of streamattribute
information showmn in FIG 9; FIGS. 11A and 11E are schematic views show ng
the data structure of an entry map shown in FIG 10; FIG 12 is a

schemat i g+@icagh M shamd e tda-dabadstr ot the steagusaywpst dpeeishawn in
FIG 2; FIG 13 is a schematic diagram show ng the data
structurgre=0f playiteminformation 1300; FIGS. 14A and 14B are
schematic views showi ng the rel ati onshi p between pl ayback sections
specified by the playiteminformation to be connected when the connection
condition 1310 Indicates "5" and "6", respectively; 10 FIG 15 is a
schemat i d rdivagrameshewEddethe ddt dnsemnidtoamle of a playlist file when the
pl ayback path to be specified includes subpaths; FIG 16 is a
functd ondloohkdck di agram of a 2D pl ayback device; 15FIG 17 is a list of
system paranmeters stored in a player variable storage unit shown in FIG
16; FI Bhengvidea ifagesi drmaPlBysdioaradiram Bic 4°805HaRFMAYS™ decoder

shown in FIG 16;
according to the present invention described above, the

stereoscopic specific area is accessed immediately before a
long jump occurring in stereoscopic playback, whereas the
10 monoscopic specific area is accessed immediately before a long
jump occurring in monoscopic playback. Thus, the playback path
for stereoscopic playback and the playback path for monoscopic
playback are separated immediately before their respective long
jumps . This allows the extent sizes of the stream files arranged
15 on the stereoscopic gpecific area to be determined regardless
of the extent size of the base-view stream file arranged on the
monoscopic specific area. Especially, sizes and an arrangement
of extents recorded on the stereoscopic specific area are
allowed to be designed to satisfy only the condition for
20 seamless playback of sterecscopic video images. Independently
of that, sizes and an arrangement of extents recorded on the
monoscopic specific area are allowed to be designed to satisfy
only the condition for seamless playback of monoscopic video
images. As a result, further raeduction in the buffer capacity

25 necessary for stereoscopic playback can be achieved.

[Brief Description of Drawings]
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FIG 19 is a schematic diagram show ng an arrangenent of 20 extents on the
disc 101 shown in FIG 2; FIG 20 is a schematic di agram show ng the
processi ng channel for converting an AV streamfile read fromthe BD ROM
disc 101 into 2D video data VD and audio data AD in the 2D pl ayback device
shown in FIG 16; 25FIG 21 is a graph showi ng a progression of the data
anmount DA accunulated in a read buffer 1602 shown in FIG 20 during a
processi ngggqi od of an AV-streamfile; FIG 22 is a table show ng
an exanple of the relationship between junp distances and junp tines

specified for 7BB ROM di $Gfshematic diadrdm s2dwisigAaSERPEBST Cuth g icdin

- show ng an exanple of an 5 arrangenent of extents when videos are

cont i nuous|pedi@yied; haskifnoartbraendi fereent 1AM sembamifiches oifn tther n;

FI GS. 24A, 243, 240 are schematic diagrans illustrating the principle of

st er eoscepiegevitdeéavienayleack according to a method using paral |l ax i mages;
10FIG 25 is a schematic diagram showi ng a rel ationshi p anong an i ndex

t abl &5 310, a ma¢.e2o0bg ects dMDatal BBidgobjreshoBDRO, the 2k pd Bdwtt g e 2501,
and a 3D playlist file 2502; FIG 26 is a flowhart show ng a

sel ecti owEproBESROM dd sl aHavet ifri IREG.0 e pl ayed back, according to a

novi e object 15 MO FIG 27 is a schematic di agram show ng an
exanpl e of th&Istrudsur eshematis dbagrapgmwing anigmiehdeRécIFPIad | i st
file 2502; ‘ FIG 28 is a schematic di agram show ng anot her exanple
of 20 théms@rudngess gila mhom girayfi%t 441 e 2501 and the 3D playlist file

2502; FI GS. 29A and 293 are schematic di.agra showi ng_el enentary
streams nulti piléxed iatd sSFAFREG ﬁxﬁa@\ﬁaﬂ\/SQPP’éQ% ?ﬂ’?‘aeahar‘é OIS ew

Shoosin e TREE L S Ay BESR 202 NS08 3R DT L AR S
shown in FIG. 2;

FIG. 5 is a schematic diagram showing an arrangement of
packets in each elementary stream multiplexed in the AV stream
file shown in FIG. 2;

15 FIG. 6 is a schematic diagram showing a detail of a method
for storing a video stream into PES packets shown in FIG. 5;

FIGS. 74, 7B, 7C are schematic views respectively showing
the format of a TS packet, the format of a source packet, and
an arrangement of source packets constituting the AV stream file

20 shown in FIG. 5;

FIG. 8 is a schematic diagram showing the data structure
of a PMT;

FIG. 9 is a schematic diagram showing the data structure
of a clip information file shown in FIG. 2;

25 FIG. 10 is a schematic diagram showing the data structure
of stream attribute information shown in FIG. 2;

FIGS. 114 and 11B are schematic views showing the data

9



conpression coding nethods for a 2D/l eft-view stream and a right-view
stream respectively; 11 FI GS. 31A and 31B are schematic di agrans
showi ng the rel ationship between DTSs and PISs allocated to pictures of a
2D/l ef t-view stream 3101 and a right-view stream 3102, respectively; 5FIG
32 is a schematic diagram showi ng the data structure of a video access unit

3200 of the 2D/l eft-view stream and the right-view stream FI GS. 33A
and 33B @58 3GENRC G agH Wiy allies of @ decode counter 3204
all ocated to the pictures of "a 10 2D/l eft-view stream 3301 and a right-view

stream 3302, ragpeehi Vel schematic &l&Srasbhdnthad4Beadgtschereit wrali agrans
showi ng two types of arrangenents of extents of the 2D/l eft-view AV stream

file and dfe rdightr-\rew AV YH®amfd leron 4 he BD-ROM disc 101 shown 15in
FIG 2; FIGS. 35A and 35B are schenatic diagrams showi ng the rel ationship

bet ween pl aybacik t i ness andcpkaybaekdpathan showing Eh&Sda86Asanad368: ar e
schemati c di agrans showi ng the data structures of clip information files
linkesl t@f heiRRdeaf tindewad(i Y staeam file and the right-view AV stream
file, respectively; FI GS. 37A and 37B are schematic di agranmns show ng
the data structnese ofi43D amd a 1d& aaB6l3schewntin MiGws3eahowing the F|GS,
38A and 383 are schematic diagrans showing the data structure of the entry
map 3622 wilathieonsiyin - beeween pe28ybatbRag¢oni 1% e SPEOA Sisshnbiyn Fres  36B;

playitem information to be connected when the connection
condition 1310 indicates “5” and “6”, respectively;

10 FIG. 15 is a schematic diagram showing the data structure
of a playlist file when the playback path to be specified
includes subpaths;

FIG. 16 is a functiocnal block diagram of a 2D playback
device;

15 FIG. 17 is a list of system parameters stored in a player
variable storage unit shown in FIG. 1é;

FIG. 18 is a functional block diagram of a system target
decoder shown in FIG. 16;

FIG. 19 is a schematic diagram showing an arrangement of

20 extents on the disc 101 shown in FIG. 2;

FIG. 20 is a schematic diagram showing the processing
channel for converting an AV stream file read from tThe BD-ROM
disc 101 into 2D video data VD and audio data AD in the 2D playback
device shown in FIG. 16;

25 FIG. 21 is a graph showing a progression of the data amount
DA accumulated in a read buffer 1602 shown in FIG. 20 during

a processing period of an AV stream file;
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FIG 39 is the functional block diagramof a 2D/ 3D pl ayback devi ce 3900;
FIG 40 is a schematic di agram show ng a superinposi ng process of plane

data pieces by a plane adder 3910 shown in FIG 39; ‘ FI GS. 41A
and 415 are schematic di agrams showi ng cropping 5 processes by the cropping
processing unit 4022 shown in FIG 40; FI GS. 42A, 423, 42C are

schemati c di agrans respectively showing left 2D video images, right 2D
vi deo i mages, pwhi CHo are sSHRBT EMesethdur BaepoppdHg iy cedsddorsiiow in

FI GS. 41A, 413, 10 and 3D video i nages perceived by a viewer; FI G
43 is a fagﬂq,tele@ln%lun@i oplewdiraganed {lep syshem B@egeﬁlddcd@a‘r EZO0®¥ hown in
FI G 39; 44 is a schematic diagram show ng the processing

channel fj(_-)_rsc@ ayl ng back 3D video data VD and audio data AD from 15 a

2D/l eft-view AV streamfile and a right-view AV streamfile read fromthe
BD- ROM di sc 1@IE. 23 is &l SSheddiiciSBagdaiC shewiehenmt ¢330 by rafhshow ng
the rel ationship between the physical order of extents of each AV stream
file 5 ecertetgemerieo BRxREMtE wien0ldars preidnrdrirawad Lol ayEaMEtent, the
progression of the data anounts accunulated in the read buffers 3902 and
3911 dur ifngprBDhzicte olififayisack Aah ¢ treanp sl &fal 1To g™ of extents of the AV
streamfiles recorded on the BD-ROM disc 101 in_the inter]eaved
arrangenent ; FIGS. 26,3“aﬁ6346%4§r%r§c$1%}1’#%‘f‘?’élﬂl%Jg?%m% TR Y pes 25
of the order of the.extents belonglngto AV streamf.il es; ai FIGS 47A
and 473 dhe g Rl oS RSP SR hg HYr GHCCHEHA - Arbunt DAL

accurml ated in the read
: method uging parallax images;

10 FIG. 25 is a schematic diagram showing a relationship among
an index table 310, a movie object MVO, a BD-J object BDJO, a
2D playlist file 2501, and a 3D playlist file 2502;

FIG. 26 is a flowchart showing a selection process of a

playlist file to be played back, according to a movie object
15 MVO;

FIG. 27 is a schematic diagram showing an example of the
structures of the 2D playlist file 2501 and the 3D playlist file
2502;

FIG. 28 ig a schematic diagram showing another example of

20 the structures of the 2D playlist file 2501 and the 3D playlist
file 2502;

FIGS. 292 and 29B are schematic diagrams showing
elementary streams multiplexed into a 2D/left-view AV stream
file and a right-view stream file, regpectively;

25 FIGS. 30A and 30B are schematic diagrams showing
compression coding methods for a 2D/left-view stream and a

right-view stream, respectively;

11



buffer (1) 3902 and the data anobunt DA2 accunul ated in the read buffer (2)
3911 when the extents of left and right AV stream- files are alternately

read fromthe disc 101; FIG 48 is a schematic diagram showi ng an exanpl e

of the 5 arrangenent of extents of the 2D/l eft-view AV streamfile and the
right view AV streamfile when a long junp is required while the extents of
the files are alternately read; FI GS. 49A and 493 are graphs

respectivel y stew ng izheafd 0gh s sirvenss ceridrei datidagramst shbAd nand-HA2
accunul ated in the 10 read buffers 3902 and 3911 in the section including

the | ong e ilolhd P BE tiveensPTs s cmsd WTdd e Jplayehaek tpaphc4822sf of 8D vi deo
i mages; FIG 50 is a schematic diagram showi ng an exanple of the
arr angenem/ 1eff H-he axt entreawher1 the B2 RAM diighti@liews atiSamul3102 ayer
disc and a series of AV streamfiles is separated on two |ayers; FIG 51 is
a schematdempHagrahshow ng an exanpl e of the arrangenent of extents of AV
stream files on which a 2D video playback path and a 3D vi deo pl ayback path
for afe separ &l&d 20 im a Behgmesirodbaguen el nIntdd ARERySBHERGFETE hei r
respective long junps; FIG 52 is a schematic diagram show ng the

cor r esportdfeceldepardershiy e BREENCHI @Y iR/ Fg T tesv kF1 SRV ST 8am Frtes for

right-view stream;

FIGS. 33A and 33B are schematic diagrams showing values

of a decode counter 3204 allocated to the pictures of a
10 2D/left-view stream 3301 and a right-view stream 3302,
respectively;

FIGS. 342 and 34B are schematic diagrams showing two types
of arrangements of extents of the 2D/left-view AV stream file
and the right-view AV stream file on the BD-ROM disc 101 shown

15 in FIG. 2;

FIGS. 35A and 35B are schematic diagrams showing the
relationship between playback times and playback paths;

FIGS. 36A and 36B are schematic diagrams showing the data
structures of clip information files linked to the 2D/left-view

20 AV stream file and the right-view AV stream file, respectively;

FIGS. 3724 and 37B are schematic diagrams showing the data
structure of 3D meta data 3612 shown in FIG. 364;

FIGS. 23824 and 38B are schematic diagrams showing the data
gtructure of the entry map 3622 of the right-view clip

25 information file 3602 shown in FIG. 36B;
FIG. 39 is the functional block diagram of a 2D/3D playback

device 3900;
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pl ayi ng back video inmages fromthe extents arranged shown in 25FI G 51,

FI GS. 53A and 533 are schematic di agrans show ng the arrangenents of
extents in the recording areas on the discs of the first and second

enbodi ments, respectively, the recording areas being accessed before and
after a long junp; FIG 54 is a schematic diagram show ng the
arrangenents of extents in the recording area(s) on the disc of the third 5

enbodi ment, tngreggrqbng eREB: 1Re NG AeeE IR R Al ni npefaiey t he
| ong j unp; 55 is a schemati c di agram showi ng the correspondence

relati Oné%%séeéf\%ﬁ&ﬂé aytbstiddd £pyaac s hudam 19l eshonn phayidg back
vi deo images from the extents arranged shown in 10FI G 54; FI GS. 56A

and 563 age schematic di agrans showi ng the rel ationshi ps between DISs and
PTSs allocated to pictures of a 2D/l eft-view stream 5601 and a ri ght-vi ew
stream 5602, rgggeciinelng 41BFife drhdmsaial dlddelyrdiegshavdigtdeipineg nal
configuration of a recording device according to the fourth enbodi nent;

FI GS.5 58pron83ses8Byatheschopating prageassnghonihg482prekess Ut BHFcul ating
depth information by the video encoder 5701 shown in FIG 57; and 20FI G 59
is a schamatic diagramillustrating the nechanismfor ensuring the
conpatibility of an optical disc storing 3D video i mages with 2D playback
devi ces. 25[ DFSESI.ptkdn 6EBENBEH atat3¢heoaLsy diagrams respectively

showing left 2D video images, right 2D video images, which are
superimposed by the cropping processes shown in FIGS. 414, 41B,
10 and 3D video images perceived by a viewer;

FIG. 43 is a functional block diagram of the system target
decoder 3903 shown in FIG. 39;

FIG. 44 ig a schematic diagram showing the processing
channel for playing back 3D video data VD and audio data AD from

15 a 2D/left-view AV stream file and a right-view AV stream file
read from the BD-ROM d&isc 101;

FIGS. 454, 45B, 45C are schematic diagrams showing the
relationship between the physical order of extents of each AV
stream file recorded on the BD-ROM disc 101 in the interleaved

20 arrangement, the progression of the data amounts accumulated
in the read buffers 3902 and 3911 during 3D video playback and
the physical order of extents of the AV stream files recorded
on the BD-ROM disgc 101 in the interleaved arrangement;

FIGS. 46A and 46B are schematic diagrams showing two types

25 of the order of the extents belonging to AV stream files;

FIGS. 47 and 47B are graphs respectively showing

progressions of the data amount DAl accumulated in the read
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The followi ng describes a recording nediumand a playback device
pertaining to embodinents of the present invention with reference to the
drawi ngs. [0017] First Enmbodinment 5[0018] First, the follow ng
descri bes a usage pattern of a recording nediumin accordance with a first
enbodi nent of the present invention. FIG 1 is a schematic diagram show ng
a usage pattern of the recording nedium In FIG 1, a BD-ROMdisc 101 10 is

depi ct edy,agsbhe { peoidi Rearegh WAL AsRbavbask: devuem1B2d andisehapnddevi ce
103, and a rermte control 104 constitute one home theater system The

BD- ROM di,g¢ £401 (95 oybdeSyHBMi Rt OxtEBetBONE 1dhEnateid wyisfiemay @kHanl5 <Dat a
Structure of 2D BD-ROM Di sc> [0020] - O the BD-ROM disc 101, which is

the recordhng BRdi uNcpenhaleningea@ tthenf ivhet ddmodioent of the present
invention, the data structure relating to the storage of 2D video inmages 20
is described pext.4p002] FdHamaxis dE ssphemethbeidbagnasxshphe nof tthe dat a
structure of the BD-ROM disc 101. On the BD-ROM disc 101, a track 202 is
5 arrangement of extents of the 2D/left-view AV stream file and
the right view AV stream file when a long jump is required while
the extents of the files are altermately read;

FIGS. 494 and 49B are graphs respectively showing the

progressions of the data amounts DAl and DA2 accumulated in the

10 read buffers 3902 and 3911 in the section including the long
jump LJ2 among the sections of the playback path 4822 for 3D
video images;

FIG. 50 is a schematic diagram showing an example of the
arrangement of the extents when the BD-ROM disc 101 is a

15 multi-layer disc and a series of AV stream files is separated
on two layers;

FIG. 51 is a schematic diagram showing an example of the
arrangement of extents of AV stream files on which a 2D video
playback path and a 3D video playback path for are separated

20 in the area to be accessed immediately before their respective
long jumps;

FIG. 52 is a schematic diagram showing the correspondence
relationship between playlist files and AV stream files for
playing back video images from the extents arranged shown in

25 FIG. 51;

FIGS. 532 and 53B are schematic diagrams showing the

arrangements of extents in the recording areas on the discs of
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formed spiraling fromthe inner to outer circunference of the 25 BD- ROM
disc 101, as with DVDs and CDs. In FIG 2, the track 202 is virtually
extended in a transverse direction. The left side of FIG 2 represents the
inner circunferential part of the BD-ROMdisc 101 and the right side
represents the outer circunferential part. The track 202 is a recording
area. The inner circunferential part of the recording area 202 is a |lead-in

area 202AnArd rlRe; QETEI - Gid CHFRIGRINE], Q@%Fe’é'ﬂ%ﬁr%quﬁthé fedsagiout area
2020. Between the lead-in area 202A and the [ead-out area 2020 is a vol une

area 202Bf0fs YO hddised wiatae (L0227 dhe valde pigs; 202B is di vi ded

into a plurality of access 10 units each called a "sector” and the sectors

are nunbered gomsecut kehyséhemuthe foagtharendwinbeske cansacgdnamecmunber s
are called | ogical addresses (or |ogical block nunbers). Data is read from
t he di sc df0kxnerdesiignahiengeackdgngakraddeessen thet BesBDoROVhdi sicidd],
usual |y |l ogical addresses are 15 substantially equivalent to physical

addr essesnodinerdi s¢hE0tecbhatings aren (an beréagwhercesshd lwgedahtabdr esses
are consecutive, the physical addresses are al so substantially consecutive.
Accor di nglafomatttheileges hawding consecutive | ogi cal addresses can be
consecutively read out without a seek of the pickup of 20 the disc drive.

[ 0023] GLGnSPrer sthematichdlaghan i SNaiaw 22 ACOTheSBPREERFdi sc 101
has a special area called BCA (burst cutting area) 201. The BOA 201 is a
speci al ardatricrbiRe Qatyasn PldEd sy ifidesTRad 25 péreppetpERS 28T s

unr eadabl e by an application program Therefore, the BOA i% oLten used for
copyr i ghtP IFFBHE 3T VAR LEGIES SroBy &g §xtents arranged shown 1n

10 FIG. 54;
FIGS. 56A and 56B are schematic diagrams showing the
relationships between DTSs and PTSs allocated to pictures of
a 2D/left-view stream 5601 and a right-view stream 5602,
respectively;
15 FIG. 57 is a block diagram of the internal configuration
of a recording device according to the fourth embodiment;
FIGS. 58A, 58B, 58C are schematic diagrams showing a
process of calculating depth information by the video encoder
5701 shown in FIG. 57; and
20 FIG. 59 is a schematic diagram illustrating the mechanism
for ensuring the compatibility of an optical disc storing 3D

video images with 2D playback devices.

25 [Description of Embodiments]
[0016]

The following describes a recording medium and a playback
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[ 0024] At the head of the volune area 202E, volune information of a
file system 203 is stored. Subsequent to the volune information,
application data such as video data is stored in 5 the volune area 20213.
The file systemis a systemfor displaying the data structure in terns of
directories and files. For exanple, PCs (personal conputers) enploy a file
system such as FAT or NIFS, so that the structure of data stored on the

hard di Sﬁeiv%c%xdﬁé§§§§§ih% th EeGban nestands fileprieentpt ovent hen M tisabi [ ity
of the stored data. The BD-ROM di sc 101 enpl oys UDF (Universal Di sc Fornat)

as the fidgessicemt20TheY&drawdryy=sat her file system such as | SO 9660, is
al so applicable. This file system 203 enables the | ogical data stored on
t he di sc [b@L 70 be accessed and read out in units of directories and files,
as 15 with the PCs. [0025] More specifically, when the UDF is
enpl oyed rFads gith@&ntridde meystt em 203, the vol une area 202B i ncl udes a recording
area for storing a file set descriptor, a recording area for storing a 20
termfatildglddscriptor, and a plurality of directory areas. Each area is
accessed by using the file system 203. Here, the "file set descriptor”
i ndicates a | dyirsdl, btloek fedioeingl Figsefikesedt gFSadmt PIEBRER e File
entry of the root directory. The "term nating descriptor” indicates the
t er m nat FEECEdirge mesitm dnseeceredeRt ot Bk th (DELE tESRROGEMER 0Py HWHea has
the sanme internal structure. Each directory, area has file entr a
di r ect or PHESSAE 4RUCHELPRe Fitoldihg SFePat v PIFRE © ‘?"I”en%ﬁ‘t‘i‘?/gg? ncl udes
a descriptor tag, .an 1CB tag, .5 and_an allocation desgri r .. The
-”descripﬂ%ﬁtQ%ﬁf'qanPEaF@EOgﬁépgtﬂ%déF@a.#% éﬁéz;gﬁ Peggﬁgbg.dﬁﬁFe%o%he
descriptor tag.may alternatively.indicate that t-he.area.s.of pace
bi t . QoSTAEREGT e OF B BRAnBTEc $HAS AUREHIDt o RAYRSU g '2hE V4T e of
261 nead‘ﬁ.ssﬁl@jl} dteggcgrl ,I an%fa %emfo'tleec&%£gl '10-£h§oné@cﬁ€g one home
theater system. The BD-ROM disc 101 provides movies to the home
theater system.
[0019]
15 <Data Structure of 2D BD-ROM Disc>
{00201
Of the BD-ROM disc 101, which is the recording medium
pertaining to the first embodiment of the present invention,
the data structure relating to the storage of 2D video images
20 is described next.
[0021]
FIG. 2 is a schematic diagram showing the data structure
of the BD-ROM disc 101. On the BD-ROM disc 101, a track 202 is
formed spiraling from the inner to outer circumference of the
25  BD-ROM disc 101, as with DVDs and CDs. In FIG. 2, the track 202

is virtually extended in a transverse direction. The left side

of FIG. 2 represents the inner circumferential part of the
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10 indicates attribute information of the file entry. The "all ocation
descriptor” indicates the LEN of the recording |location of the directory
file. [0028] The "directory file" includes the file identifier 15
descriptor of a subordinate directory and the file identifier descriptor of
a subordinate file. The "file identifier descriptor of the subordinate
directory” is reference information used for accessing the subordinate

di rect Oréﬂ-%éﬁi egi bel awit hendi Leet oF ygeer KeSRONEE R 4entde thkr eitsy area.

20 This file 1dentifier descriptor includes identification information of

t he subordinahe JidRGt0r Yarthe Thengiicaf 2bheidi seetosydiageanéat ehe
subordinate directory, a file entry address, and the directory nane of the

subor di natrg\di rectONEereieial hpatt! efertliey pddoedsng ndireat @2t hies LEN of
the file entry 25 of the subordinate directory. The "file identifier
descri pt are=pf- #rthersdbandhnased fiile'bute 1 efierenderientoniapaon fiereactessi ng
the subordinate file |located below the directory corresponding to the

di recsor i asedeadhbatfatea iziat.i Betweges thept oadi helakkss 2i0@éneinfi Bagi on
information of the subordinate file, the length of the file nane of the
subor di ndtemd-idwe; axrda |2028htisy aaddions, aasd £REBf fpe aberiny tegical
subordinate 5 file. Here, the file entry address indicates the LEN of the
file entrdatd. t he subordinate file. By tracing the file identifier
descriptors of subordinate directories/files, the file entries of the
subor di nat®2R ) ectories/files can be sequentially found, starting fromthe
file entry of the root directory. 10[0029] . The "file recordi ng_area for
storing the subf dodare area 24ZB fRethy 3R ot 8r Hyrate Y Ae®EREFY of the

subordinate file |ocated bel ow t he diyect8r¥ correstpondi ng to the di.rectory

ar ea 18nd #He"boaFCBf “PHéeSutor AR Ti FRS THE "§59°ent75* HEPGHEEE 15 a

doscr! PLOL o0 S L2 420 20081 GeaLA00, dopc Wb o HBABLLE O
are called logical addresses (or logical block numbers}. Data
is read from the disc 101 by designating a logical address. In
the BD-ROM disc 101, wusually 1logical addresses are

15 substantiallyequivalenttx:physicaladdressescxlthedisc101.
That is, in an area where the logical addresses are consecutive,
the physical addresses are also substantially consecutive.
Accordingly, data pieces having consecutive logical addresses
can be consecutively read out without a seek of the pickup of

20 the disc drive.

[0023]

On an inner side of the lead-in area 2022, the BD-ROM disc
101 has a special area called BCA (burst cutting area) 201. The
BCA 201 is a special area readable only by a disc drive. That

25 ig, the BCA 201 is unreadable by an application program.
Therefore, the BCA is often used for copyright protection

techneology, for eiample.
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The "1 CB tag" indicates attribute information of the file entry. The

"al l ocation descriptors” indicate the arrangenent of the extents
constituting the body of the subordinate file. Each 20 allocation
descriptor is assigned to one of the extents. Wien the subordinate file is
divided into a plurality of extents, the file entry includes a plurality of
all ocation descriptors. Mre specifically, each allocation descriptor

i ncl udes ?Qgéqize of an extent and the LBN of the recording |ocation of the
extent. i urthernore, the two nost significant bits of each allocation

descriptor indircahe Wagkher ARce¥tehhel Sragts@bty voTOR&eth@drddieidrgcor di ng
| ocation. More specifically, when the two nbost significant-bits indicate

"0", an extentrhas heencal lorated Ledle . r enassiqgedvcabi ameangbhase been
actually recorded théreat. Wien the two nost significant bits indicate "1",

an ext entj Jresweenm! bogatedttiont Hetheseeni 09 Viead idertabtit basraqtibeen yet
5 recorded thereat. The | ogical addresses of the extents constituting each
file gan e foundehyraeborencriing flile @y beatizoa desom foerdigilahendil e
entry of the file. [0030] Like the file system enpl oying the UDF, the
general ftHee data structure in terms of directories and files. For
example, PCs (personal computers) employ a file system, such
as FAT or NTFS, so that the structure of data stored on the hard
disk is expressed in directories and files to improve the
10 usability of the stored data. The BD-ROM disc 101 employs UDF
(Universal Disc Format) as the file system 203. Yet, any other
file system, such as ISO 9660, is also applicable. This file
system 203 enables the logical data stored con the disc 101 to
be accessed and read out in units of directories and files, as
15 with the PCs.
[0025]
More specifically, when the UDF is employed as the file
system 203, the volume area 202B includes a recording area for
storing a file set descriptor, a recording area for storing a
20 terminating descriptor, and a plurality of directory areas.
Each area is accessged by using the file system 203. Here, the
“file set descriptor” indicates a logical block number (LBN)
of a sector that stores the file entry of the root directory.
The “terminating descriptor” indicates the termination of the
25 file set descriptor.

[cC26]

Each directory area has the same internal structure. Each
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10 system 203, when dividing each file into a plurality of extents and then
recorded in the volunme area 202B, al so stores the information show ng the

| ocations of the extents, such as the above-nentioned allocation
descriptors, in the volunme area 20Th. By referencing the information, the

| ocation of each extent, 15 particularly the |ogical address thereof can be
found. [0031] Wth further reference to FIG 2 showi ng the

di rect or yifid & Sty Uckur 82204 op1d %ﬁ%,@ﬂ'x@%t&%ﬁ 318D gpwi & £BRW: BD
Movie) directory 2042 is |located i medi ately bel ow™20 a ROOT directory
2041. Belyw.dheBPMELrectory 2042 are: an index file (index.bdm) 2043A,
anovi e object fil'e (MovieQoject. bdnv) 20433; a playlist (PLAYLIST)
directoryjo2d44, a clip information (CLIPINFO directory 2045, a stream
(STREAM directory 2046; a BD-J object (BDJO BD Java (Object) directory 25
2047; and a Jawalneriahi e tJARinddvaicAr ehbeerrdpteet any, 28481CFheag ndex
file 2043 stores an index table. The index table defines correspondence

bet wegn tdrid es) and cehjteetns dethe i SETREAMIdier BcboryiR046 shgf esndncAVestream
file (XXX. MRTS) 2046A. The AV streamfile 2046A stores All contents, which
r epr esenttlmidithecandeni desf rulftilpl eredyt Hézes n.thEhdeGhPiNPicagcayy 2045
includes a clip information file (XXX CLPI) 2045A. The clip 5 information
file 2045A storasl velnagen@htatafl ohaht itdie cirehelAl PLstr e2pA e | B1PD3BA. The
PLAYLI ST directory 2044 stores a playlist file (YYY. MPLS) 2044A. The

pl ayl i st deserixmarn sty sesmpliogitésl desayiatiorpsty HEVERE APP ¥8teamfile
2046A. The BDJO directory 2047 stores therein a BD-J gbject file (AAA BDJO
2047A. THE 16 6R0vreamdjidEt fhrea TobviteBhj2cttiBdnd 38435 nd HHet8- J
object fi]le 2047A each store a pr og{ngm,cal I eg " Otg% e%tci't' t hat defi neﬁ a
dynadPc sEEHGIES [ GFFIMSe dpECHFREAPTY, Ot he Rt r dotiGT y Y st FiBt ure
204 is 15 i npl enent edt ohaveaROOJdi r ect oryar ea, I%PM\/ director rea, a
PLAYLI ST o?%le%?%i}kf’%r%%?c%llﬁi%l NF“gilFégtgﬁrs%grg‘@, £%5 N‘FSF%’{’%@%B?y ar ea,
a BDJO di ectorCY ar e and. a JAR di£eftory area in the volune area 202B of
the BD- iR eatalons %églet Wt A" The t1Fe identifier descriptor nentioned

above, a F(ftgi of file 20 entries is sequentially found fromthe ROOT
directory ' to the directories. That is, the file entry of the ROOT directory

can lead to t i1y, y, the BOW dirregtoryy, Simharlys-thesfil.e entry
of the BDW dirhle%%:t oﬁjylell(;ga%lt?%ad f{lgL t he fnlcylléﬁ%r?t rilﬁhc?f tﬁe%PLAYEI ST directory,

and the file-entyy off Lhe BOMY; dLEECEDLY2IrFaind Atk tha o henenkhkes of
t he | PINF directory, the STREAM directory, the BDJO directory, and the

JAR direciosyripf983lof a subpdbaihgkbbowkngedesgid besitike dakatsthieet ure of
each file that 'exists below the BDW directory 2042.
descriptor of the subordinate directory” is zreference
information used for accesging the subordinate directory
located below the directory corresponding to the directory area.
20 This file identifier descriptor includes identification
information of the suberdinate directory, the length of the
directory name of the subordinate directory, a file entry
address, and the directory name of the subordinate directory.
Here, the file entry address indicates the LBN of the file entry
25 of the subordinate directory. The “file identifier descriptor

of the subordinate file” is reference information for accessing

the subordinate file located below the directory
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[0034] "Index File" 5[0035] FIG 3 is a schematic diagram show ng an
index table stored in the index file 2043A. The index table 310 stores
itenms, such as "first play" 301, "top nenu" 302, and "title k" 303 (k =1,
2, .., n). Each itemis associated with either of the novie object 10 WO
and the BD-J object BDJO Each tinme a nenu or a title is called in response
to a user operation or an application program a control unit of the

pl ayback Aeldeola AL1e0 Seho @ieieaRongdLod. | heiy! e idadexi £able 310,

and calls an object corresponding to the itemfromthe disc 101. The
control wide k3 ddien sxecwies tgeRE oot amobnt ha nalhed iohi eds Mg

specifically, the "first play" 301 specifies an object to be called when

the di sc gl dnaded] Entihd hengdt B HEhwes i THaanbopr FRRrUSuSOZdSpeesfies an
object for displaying a nenu on the display device 103 when a command "go

back to renw, hsti TWweht20 4@5P06S) wad £hRe RXarphee ¢ theusaelboppenatéon. The
"title k" 303 specifies an object for playing back, when a user operation
request s M itd t Herto #iee ghiageshbegladdacAld iatil eanekitle CBNreSpdrdinget o t he
requested title fromthe disc 101, in accordance with the playlist file
2044A. 240036t bhei subbiéthatel 814 00B7]|tracing thHeEhéikevidenbitterfil e
2043B generally stores a plurality of novi ee@? ects. Each novie object
stores a &sueimect ofistiyatdiom o dnerds orA asa\hig#ts obhe Fhdenantnuses t he
pl ayback device 101 to execute playback processes simlarly to general 5
DVD pl ayerfstha snibaugkimade ¢bneandringl ﬁagg,s Gagt be aampieit @ rlea8oshe conmand
to read out a playlist file corresponding to a title, a playback conmand to
pl ay bacletriedd deren frlvm Bhl ARREFEPF f TRe FRAFcAtB8<BYT 4 playlist file,
and a progﬁressi on conmand to nake a progression to another title. The

cont Bl uHi%2%l0 of the pl ayback device 101 calls a novie object in

response, for exanple, to a user operation and executes navigation gonmands
i ncl uded in the'¢afléd TRRAE OH] 8CE3 TOT 15 “Grde “of %Lﬁ?éj]%%d_tfghecgﬁ%hus, in

: romer S TIEGLS Eper el DD et oD L RNRP S0 SR Ul cdh g0l avo @
CoTn B BB S e R S-S EENA TR T A S sk of @
fgggg]“d A OA&@@-@?@@@ FAL! Y60ARg) 00. 10 ST agless; of ouiee: phayback.
15 a descriptor tag, an ICB tag, and allocation descriptors. The
“descriptor tag” indicates that the area is of a file entry.
The “ICB tag” indicates attribute information of the file entry.
The “allcocation descriptors” indicate the arrangement of the
extents constituting the body of the subordinate file. Each
20 allocation descriptor is assigned to one of the extents. When
the subordinate file is divided into a plurality of extents,
the file entry includes a plurality of allocation descriptors.
More specifically, eachallocation descriptor includes the size
of an extent and the LBN of the recording location of the extent.
25 Furthermore, the two most significant bits of each allocation

descriptor indicate whether an extent is actually recorded at

the recording location. More specifically, when the two most

20



[ 0039] The BD-J object file 2047A includes a single BD-J object. The BDJ
object is a programto cause a Java virtual nmachi ne nounted on the pl ayback
device 101 to execute the processes of 25 title playback and graphics
rendering. The BD-J object stores an application nanagenent table and
identification information of the playlist file to be referred. The
application managenent table indicates a list of Java application prograns

that arectafe;: Ltaioksfsefﬁ&yé eb%l",hl%nJééé?eMi:rﬂé@hoe@?&@iﬂéea@@é to

identification infornation of the playlist file to be referred identifies a

playli st chidl e-tBaki68"1 ESPONIS b Bakihdén - RR13 wlayedabackne dde: Java

virtual nmachine calls a BD-J object in accordance with a user operation or

an appl i gal-0RnRr 096 B s:aRd exesues Bkgral hagcgfe tthe Javaeapphtaadd on
program according to the application managenent table included in the BDJ

obj ect. Gersequenichted Be phayhackrdend Crodfdi sty nard ealsl yotObebanges the
progress of the video playback of the title, or causes the display device

103 tp dirslodiedy aphicesaitndepredensdycal tdpitdddes viodeorhp0040f eiIAR
Directory" 15[0041] The JAR directory 2048 stores the body of each
Java appldeeattionutpregr ascexetited dan abeor fansé Wyt hrafBbedcdbgectise The
Java application prograns include those for causing the Java virtual
machi ne t=d lexequten plegdaigk-mfs @f ithe Ghte tdoeey fof 20 chbéng the Java
virtual machine to execute graphics rendering. [0042]
[0030]
Like the file system employing the UDF, the general file
10 system 203, when dividing each file into a plurality of extents
and then recorded in the volume area 202B, also stores the
information showing the locations of the extents, such as the
above-mentioned allocation descriptors, in the volume area 202B.
By referencing the information, the location of each extent,
15 particularly the logical address thereof can be found.
[0031]
With further reference to FIG. 2 showing the
directory/file structure 204 on the BD-ROM disc 101, a BD movie
(RDMV: BD Movie) directory 2042 is located immediately below
20 a ROOT directory 2041. Below the BDMV directory 2042 are: an
index file (index.bdmv) 20432, a movie object file (MovieObject.
bdmv) 2043B; a playlist (PLAYLIST) directory 2044; a clip
information (CLIPINFQO) directory 2045; a stream (STREAM)
directory 2046; a BD-J object {BDJO: BD Java Object) directory
25 2047; and a Java™ archive (JAR: Java Archive) directory 2048.

The index file 2043 stores an index table. The index table

defines correspondence between titles and objects. The STREAM
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"AV Stream File for 2D Video" [0043] The AV streamfile 2046A is a digital
streamin MPEG 2 25 transport stream (TS) format, and is obtained by

mul tiplexing a plurality of elenentary streans. FIG 4 is a schematic

di agram showi ng el enentary streans nultiplexed in an AV streamfile 2046A
used for playback of 2D video inmages. The AV streamfile 2046A shown in
FIG 4 has nmultiplexed therein a prinmary video stream 401, primary audi o

streans 4024 #O2B.c BLeseRt ahi 2f Jraphh 68 1 PCkxSt eads 4036nanehg033, an

interactive graphics 5(1G stream 404, secondary video streans 405A and

4053, andyAs3eeRRdal Yealith on Hed 406 oh 00, which FBBrBEERARI yugideo
stream 401 represents the primary video of a novie, and the secondary video

streams 4007 Awed053ullipepkegenhesecandanye \dideond dhesdbyie. 200
primary video is the major video of a content, such as the nain feature of

a novi e, ¥l idedli S0 Byed ofothe: Bht i £l scleen, cipr) exeaphe. TR tbepot her
hand, the secondary video is displayed sinmultaneously with the primary
vi deosw tinmfidwenaksion ffdn eex aoph es t @ife s mpincigemenitni pfotmaeidh oetthedavso t hat
t he secondary video inages are displayed in a smaller w ndow presented on
the full storesenfdilepGydongThheMYIMETYdvirdebormefet4 Eachesiadpbagliistmi s
encoded by a method, such as MPEG 2, MPEG 4 AVC, or SMPTE VC-1. [0045]
20The prifvEry (XUdi. YPEE) st MOZRe i 0RS: FopredeiftA dhéines a logical
playback path of the AV stream file 2046A. The BDJO directory
2047 stores therein a BD-J object file (AAAR.BDJO) 2047A. The
10 movie object file (MovieObject.bdmv) 20438 and the BD-J object
file 20472 each store a program called “object” that defines
a dynamic scenario.
[0032]
More specifically, the directory file structure 204 is
15 implemented to have a ROOT directory area, a BDMV directory area,
a PLAYLIST directory area, a CLIPINF directory area, a STREAM
directory area, a BDJO directory area, and a JAR directory area
in the volume area 202B of the BD-ROM disc 101. By tracing the
file identifier descriptor mentioned above, a series of file
20 entries is sequentially found from the ROOT directory to the
directories. That is, the file entry of the ROOT directory can
lead to the file entry of the BDMV directory. Similarly, the
file entry of the BDMV directory can lead to the file entry of
the PLAYLIST directory, and the file entry of the BDMV directory
25 can lead the file entries of the CLIPINF directory, the STREAM

directory, the BDJC directory, and the JAR directory.

[0033]
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primary audi o of the novie. The secondary audi o stream 406 represents
secondary audio to be mxed with the prinmary audi o. Each audio streamis
encoded by a nmethod, such as AC-3, Dolby Digital Plus ("Dolby Digital" is
regi stered trademark), MP, 25 DTS (Digital Theater System registered
trademark), DTS-HD, or linear PCM (Pul se Code Mbdul ation). [00461

The PG streans 403A and 403B represent subtitles of the novie. The PG

streans 403A HUR SAGH RS S bies <L cdi bl geeokhapguage, for

exanpl e. The | stream represents an interactive screen

i nteract ing SCLEAN d S5 &F aale ki di SROSENG, B @Phi cal user interface (GU)
conponents on the screen of the display device 103. [0047] The

el ement ar yy$igieans 401-406 contained in the AV streamfile 2046A are
identified by packet IDs (PIDs). For exanple, 10 the primary video stream
401 i s assigned: wite-R D Ox1011. The prinmary audi o streans 402A and 402B
are each assigned with any of PIDs from Ox1100 to Ox111F. The PG streans
403A gnd BB 1are each assigned with any of PIDs from Ox1200 to Ox121F. The
| G stream 404 is assigned with any of PIDs from 0x1400 to Ox141F. 15 The
secondary vi deRI®Gi Bepgre AfltAnanic 4058 ramesivaeingssi gnéek: watil ecanyonéd Pl Ds

from Ox1BOO to Ox1B1lF. The secondary audi o stream 406 is assigned with any
- of Pl Ds fimomhexiAdextiollex 2ARBA [ 004 8]nd4:Gta®b lies? 20 seiivened iidedisagsadi showi ng
a sequence of packets 20 in each elenentary stream nul ti pI exed in the AV
stream fide "FiZstFphewl'y304, vl deo mtmreamB01 anavi ngtaepklird 3 thk ef Lvi deo
frames is converted to a series of PES packets 502. Then, each PES packet
502 i s cotwerteld Eaca MSpacketssoB2 tS miltar ythan odulihne TgHeaapi ect

10 MVO and the BD-J object BDJO. Each time a menu or a title is
called in response to a user operation or an application program,
a control unit of the playback device 102 refers to a
corresponding item in the index table 310, and calls an object
corresponding to the item from the disc 101. The control unit

15 then executes the program of the called object. More
specifically, the “first play” 301 specifies an object to be
called when the disc 101 is loaded into the disc drive. The “Top
menu” 302 specifies an object for displaying a menu on the
display device 103 when a command “go back to menu” is input

20 responsive, for example, to a user operation. The “title k™ 303
specifies an object for playing back, when a user operaticn
requests a title to be played back, a AV stream file
corresponding to the requested title from the disc 101, in
accordance with the playlist f£ile 2044A.

25 [0036]
<<Movie Object File>>

[0037]
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having a plurality of audio frames 504 are converted into a 25 series of
PES packets 505. Then, each of the PES packets 505 is converted to a TS
packet 506. Simlarly, streamdata of the PG stream 507 and the |G stream
510 are separately converted into a series of PES packets 508 and a series
of PES packets 511, and further into a series of TS packets 509 and a
series of TS packets 512, respectively. Lastly, these TS packets 503, 506,

509, d 512 . i d i 5 i

The’ AV ot eam s HpANIRLRAE FUIL! PRSI PP F A S e ey L g
d il 2t h f i I i P 02.

2o & JoTPLN O S Q00 Rkt donistacon 0024 N PER RRGKE S0P0%. 28

data of Wg &e&féo%{%ﬁaﬁsl.f 'Aeﬁ%\a.’é‘g'%t&ég &gmﬁd%%s@scEHEeﬂggﬂbgéﬁ dat a

amount thereof was separatel’y re re, pictures nean t nits in

whi ch vi dgg, I1S &N IE?% | PEge 881271608 LNg=ArL-R9d such
as MPEG 2, I\/lg%éc}qglA\t/% ggggggﬁ/ﬁ'E C%]%],{ reducééés)é%)asﬁa &%m}%ﬁ Eygﬁsi ng spati al

and t gmpasad §a}rz@§yndﬁnﬁav&?am@nmmﬂdmﬂmudég Ered cédagppe edictive
coding is enployed as the nefhod using the tenporal redundancy. In

i nter-pi ctel @ P dcdinaR €odirBed dhtSd pEayEiSf eige poetrespongiagstgned to
each picture to be encoded, the reference picture being a picture earlier
or later drcjgeserd glispmddimedrftamnd e 20t ¢avke stachae eacadédomNaxt, a

notion vector is detected between the picture to be encoded and the
ref erencerpisttreraey fand théhcaoeddry eoppesddisitofiils, perd ar pedgbysasong t he
notion vector. Furthernore, the picture processed by the notion
conpensatcomad sebtalae bagurdégoes s hen ficcanecthev thie lencBied;oranbt heat
spati al 25 redundancy is renoved fromthe difference between the pictures.
Thus 10eacht pike wlevkngledisstdd 1 Gattaldmb@nmovigosdpect in reaposhgwn in
FIG 6, the video stream 601 contain an | picture yyl, a P picture yy2, B
pi ctures §9B aHampy#, Lo asigeli ePE¥dhieRe aeh. e¥pPEed PRYLIRESCHr e
pi ctures conpressed by intra-picture predictjive _coding that uses only a
pi cture terpeands included in the called movie object 1n the order of
the sequence. Thus, in a manner similar to general DVD players,
the playback device 101 displays a menu on the display device
15 toallowauser to select one of the commands. The playback device
101 then executes a playback start/stop of a title or switching
to another title in accordance with the selecied command,
thereby dynamically changing the progress of video playback.
[0038]
20 <<BD-J Object Filex>»
[0039]
The BD-J object file 2047A includes a single BD-J object.
The BD-J object is a program to cause a Java virtual machine
mounted on the playback device 101 to execute the processes of
25 title playback and graphics rendering. The BD-J cbject stores

an application management table and identification information

of the playlist £ile to be referred. The application management
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5 encoded wi thout any reference picture. P pictures are pictures conpressed
by inter-picture predictive coding that uses the unconpressed form of one
al ready- conpressed picture as a reference picture. The B picture is
conpressed by inter-picture predictive coding that sinultaneously uses the
unconpressed 10 fornms of two al ready-conpressed pictures as reference
pictures. Note that sone B pictures may be referred to as Br pictures when

the Unco'gér}:ﬁ%sﬁgldci@a%so‘ca 1 Re Bopi §h11E ESpBL Ec B 8On ASréSF SnENECea i Lidir es for

other pictures by inter-picture predictive encoding. Ih the video stream

601, eachpipd uperhihya L& piedetis) ukhaedrfpader rebhachednaorst ithd es one
vi deo access unit. The pictures can be read fromthe video stream 601 in

vi deo acGeestiidat {05k Formation of tMSpIAQMA sicnf Fl &t Bbeeashe PLE packet
602 contains a PEG 20 payl oad 602P and a PEG header 602H. The | picture

yyl, the iRipitGtiiress W p1aan1d sthe iBepiahtr esryy3pandsyyéd af tibeeviddse stream
601 are separately stored in the PEG payl oads 602P of different PEG packets
602. FachlRE@chaeadsr. G02HIstver esrauplesanhdanieonalilpeaabi-a detedingnti ne,
i.e. , a PTS (presentation tine-stanp) and 25 a DTS (decodi ng tine-stanp) ,
respect i welogrddnee pichur esstrovperani vhePEG eyl beat Bo2Progrehe sade PEG
packet 602. [0052] FIGS. 7A, 7B, and 7C schematically show the
format ofexeciSemckanalthaand theolyve JRckaa tZgn poRgriaruiCEPRHaIAV
streamfile 513. The TS packet 701 is 188-byte |long. As shown in FIG 7A,
the TS pdekethg0aprpd iceiicyedianagenspi &ahg WEEQ@Q im #dweH Bl a
184-byte |l ong TS payl oad 701P. Each PES gacket is divided_and stored in the
TS payl 0&PT78IP - ofCcRs@TIeEY it B aekavbaok. deydirers HeadBRambadt &Y or es
information such as a PID. The PID identifies an el engntary stiganéhaving

dat al8t ordPIRE H PHE PEA AP IS WHELE? Hel BEP pacRet 8B1t 5 z
reconstructed from 10 data stored in _the, TS payl oad .701P of the s TS
hacker TOTURRb R R S Y FRHTER 107 5031 P HRY R Ir S MROBRPRERRAILe 101,
as shown in FIG %Ei a4%%%te | ong header (TP_Extra_Header) 702H is added to
each TS Kdt® 7015 S hE Hedder 702H particularly includes an ATS
(Arrival_ﬁhﬂP Stanp). The ATS shows the 15 transfer start tine at which the
TS packet 15 %% be transferred to a PID filter inside a systemtarget
decoder, whigh { 5. Lbed later. In the manner described above, each

packet 70T 'S corverted to a 192-byte | ong source packet and witten into
the AY stféggﬂfil e 513. Consequently, as shown in FIG 7C, the

The JAR directory 2048 stores the body of each Java
application program executed in accordance with a BD-J objects.
The Java application programs include those for causing the Java
virtual machine to execute playback of a title and those for
20 causing the Java virtual machine to execute graphics rendering.
[0042]
<<AV Stream File for 2D Video>>
[0043]
The AV stream file 2046A 1ig a digital stream in MPEG-2
25 transport stream (TS) format, and is obtained by multiplexing
aplurality of elementary streams. FIG. 4 1s a schematic diagram

showing elementary streams multiplexed in an AV stream file

25



20 plurality of source packets 702 are sequentially arranged in the AV
streamfile 513. The source packets 702 are serially assigned fromthe top
of the AV streamfile 513. The serial nunbers are called SPNs (source
packet nunbers). [0053] 25The TS packets contained in the AV streamfile

i nclude those are converted froman elenentary streamrepresenting audi o,
vi deo, subtitles and the |like. The TS packets also include those conprise

a PAT (Pregr ofh At 1A kab! o PAMo (R AMMap ATabt £3 am & ACR
(Progr amg%@g%{:hé% er%ngel)%a?nd tﬁn)ef IQPke. Tcﬁe1 Fﬁshom t he PI Dargf la PMT

i ncl uded 7igl ghhe SRR AVFEE I @AWY bRl tThe Rkl ehetBenPATptimerf isidb The
PMI stores the 5 PIDs identifying the elenentary streans representing

vi deo, audi:@arsubli thesmand diheididerdand uded hndthezBamerMbrstacamfil e,
and the attribute information of the elementary streans. The PMI al so has
vari ous desghiisorneahekatreagist eotheaAY s03Banat i it eddet ites oyrapivrss
particularly have information such as 10 copy control information show ng
whet hger cam}i Bgrefnt bes AVsstopaarfivides guranns dd >y amdt 40F%Re POR Ht or es
information indicating the value of STC (System Tine C ock) to be

associ at ectamridaan sAES cofstidemnpaicket . The STC is a clock used as a
reference of the PTS and the DTS in a decoder. Wth the use of PCR, the 15
decoder shoi#loni zes the STC with the ATC that is the reference of the ATS.
[0054] FIG 8 is a schematic diagram showi ng the data structure of the PMI
810. The PMI &i® prémag¥svideemiyram 46 1t FepEdtenys S PRy Rexder 1492, a

plurality of descriptors 802, a plurality, of pieces of st rean;# n%@ggati on
803. The FMR hBaviee. 8812d) rdiec ARLOMMEY ehyERC of CdERRSs t3"dd 314 t MI 810.

Each descri ptor 802 , . . . .
10  represent secondary video of the movie. The primary video is

the major video of a content, such as the main feature of a movie,
and is displayed on the entire screen, for example. On the other
hand, the secondary video is displayed simultaneously with the
primary video with the use, for example, of a picture-in-picture

15 method, so that the secondary video images are displayed in a
smaller window presented on the full screen displaying the
primary video image. Each video stream is encoded by a method,
such as MPEG-2, MPEG-4 AVC, or SMPTE VC-1.

[0045]

20 The primary audioc streams 4022 and 402B represent the
primary audio of the movie. The secondary audio stream 406
represents secondary audio to be mixed with the primary audio.
Each audio stream is encoded by a method, such as AC-3, Dolby
Digital Plus (“Dolby Digital” is registered trademark), MLP,

25 DTS (Digital Theater System: registered trademark), DTS-HD, or
linear PCM (Pulse Code Modulation).

[0046]

26



relates to the entire AV streamfile 513. The af orenenti oned copy control
I nformation is described in one of the descriptors 25 802. Each pi ece of
streaminformation 803 relates to a different one of the elenentary streans

i ncl
i ncl

uded in the AV streamfile 513. Each piece of streaminformation 803
udes a streamtype 803A, a PID 803B, and a stream descriptor 803C. The

streamtype 803A includes identification information of the codec used for

Compressing t e, £leeqtary SuheanLneo PO 8033 Ladi cabes:ibe SERRL the

el enentary stream The stream

escri ptor I ncludes attribute

i nformatipn, of the eeuentany shhRaghaSlEspasaénfrapB-tahe Snsk am aspect
ratio. [0055] "Clip Information File" [0056] 10FIG™ 9 is a schematic

di agr am show, ngitdte dafa §£ﬁgﬁ§é?‘é,€ FHora Skdfplaf ormmt i o fdth@amAsaghown in

FI G

9, the clip information fiTe 2045A is in one-to-one correspondence

with the AbsddaarB fdl 66t {fhe ddded NfHaBinonrddt Bv20ddredncisdes
clip information 901, streamattribute information 902, and an 15 entry map

903.

§ 00 Ae A& howi dpoddhy gFaphieadl ipet nfraramid on (801 )i oohpoesnas
on the screen of the display device 103.
[0047]
The elementary streams 401-406 contained in the AV stream
file 2046A are identified by packet IDs (PIDs). For example,
10 the primary video stream 401 is assigned with PID 0x1011. The
primary audio streams 4022 and 402B are each assigned with any
of PIDs from 0x1100 to 0x111F. The PG streams 403A and 403B are
each assigned with any of PIDs from 0x1200 to 0x121F. The IG
stream 404 is assigned with any of PIDs from 0x1400 to 0xi41F.
15 The secondary video streams 4054 and 405B are each assigned with
any of PIDs from 0x1B00 to 0x1B1lF. The secondary audio stream
406 is assigned with any of PIDs from 0x1A00 to Ox1ALF.
[0048]
FIG. 5 is a schematic diagram showing a sequence of packets
20 in eachelementary streammultiplexed in the AV stream file 513.
Firstly, a video stream 501 having a plurality of video frames
is converted to a serieg of PES packets 502. Then, each PES packet
502 is converted to a TS packet 503. Similarly, an audio stream
having a plurality of audio frames 504 are-converted into a
25 serieg of PES packets 505. Then, each of the PES packets 505
is converted to a TS packet 506. Similarly, stream data of the

PG stream 507 and the IG stream 510 are separately converted
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systemrate 901A, a playback start tinme 90113, and a playback end tine
901C. The systemrate 901A indicates the maxi mum 20 transfer rate at which
the AV streamfile 2046A is transferred to the PIDfilter in the system
target decoder, which is described |later. The interval between the ATSs of
the source packets in the AV streamfile 2046A is set so that the transfer
rate of the source packet is limted to the systemrate or |lower. 25 The

bl ayback g1yt tiame S0 shove he RTS o e ¥ ideqoaceessaunpl hagat ed at

the top _ 046A. For instance, e play start tine
9013 shows { hey RT$0fcHdie 1hitsh ¥Efeas bEafE. pdhe i aylack £8dskkiBg9010

shows the val ue of the STC del ayed a predetermned tine fromthe PTS of the

vi deo aCC@_@ﬁ‘SUEEEkEQEaéfQ, ale dhe-teRb 16f . TRQHAY St head T4 kil AAGAs oEOr

I
i nstance, playback end time 9010 shows the sum'of PTS of the |ast video 5

frame ands¢de sayhaeksis mrohreteddanmd h0068blexed intd GnelBtirean
schemati ¢ di agram showi ng the data structure of the streamattribute

i nforpatioh OO2stAsuisdowe | 2v F€redd, fpilecessof attribute information of
the el enmentary streans are 10 associated with different PIDs 902A. Each
pi ece of bte4dbute information is different dependi ng on whether it
corresponds to a video stream an audio stream a PG stream or an IG
stream For exahpl! &, ieaxlsohicsed iaf dabgrebuskeovifigrardeitenl902B wethedponds
to a video stream and includes a codec type 9021
for storing a video stream 601 in PES packets 602. Ag shown in
FIG. 6, in the encoding process of the video stream 601, video
10 data of each video frame or field was treated as one picture
and the data amount therecf was separately reduced. Here,
pictures mean the units in which video data is encoded. A moving
image compression coding method such as MPEG-2, MPEG-4 AVC, and
SMPTE VC-1, reduces data amount by using spatial and temporal
15 redundancy 1in the moving images. Inter-picture predictive
coding is employed as the method using the temporal redundancy.
In inter-picture predictive coding, first, a reference picture
is assigned to each picture to be encoded, the reference picture
being a picture earlier or later in presentation time than the
20 picture to be encoded. Next, a motion vector is detected between
the picture to be encoded and the reference picture, and then
motion compensation is performed by using the motion vector.
Furthermore, the picture processed by the motion compensation
is subtracted from the picture to be encoded, and then, spatial
25 redundancy is removed from the difference between the pictures.

Thus, each picture is reduced in data amount.

pos0]
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15 used for the conpression of the video streamas well as a resolution
9022, an aspect ratio 9023 and a frame rate 9024 of the pictures conposing
the video stream On the other hand, each piece of audio streamattribute
i nformation 9020 corresponds to am audi o stream and has a codec type 9025
used for conpressing 20 the audio stream the nunber of channels 9026
included in the audio stream a |anguage 9027, and a sanpling frequency

9028. These pixec attri but a4 td 205 2K8, usige-& or
initializing éi‘%d%g%@‘térl?ﬁﬂ%hg’&Haé;{éggggdée%cagpﬁg%%&%gg] SERG TiA s a

schemat | ¢4, agr 81 AW 8,11e st BCSLEUCH 5 bl 3is €N &¥arBEngOforks. Shown

in FIG , oneentry map is provided for each of the video streans in the

AV streamd | 20468 aN0d irs g%é@ﬁi‘:ébedaﬂat hpt BeuPt® ofompressespandi ng
video stream The entry map 9031 of a video streamincludes an entry map

header 1%QLrangietine peeatstil@2cbaihfeisdntatootdey 4 pimtdre tofbe The
entry map header 1101 includes the PID of the 5 correspondi ng video stream
and tie toijssrinhencot dbe remenemel ptisetit@2. PEacit ey prpopittide? is
information show ng a pair of PTS 1103 and SPN 1104 in correspondence wth
a di f f er eximpertgsedrap, | {dEP g i) tuidd or gdec P 1d93inq dileat esses PIIg of each
| pictures in the video stream and the SPN 1104 indicates the 10 first SPN
i ncl udi ngutdeendrepisogdir oirm tdfe Aves@lemadyl@mozEsqdBdFture asF|& 113
schematically shows, out of the source packets included in the AV stream
file 2046&fesmnaerpatkees T B tories pEndeRRECHF R PEPLRERT aP€C8HEIN by
the entry map 903. Wth 15 reference to the entry map 903, the pl ayback
devi ce 1axretirsheridgding BEF v IHLHCFRROVSLEL FESM ?E-)]il? eUDPIBRr=ssEd
corresponding to an arbitrary point dyring the playback of the_ video
Stredin  FSTHnSE dites Feady cEaNer SpEERdL HHutReR SuH HET B Rbrbar d or

rew nd, the playback devi ¢e 102 specifies sourge ac ts.Z%'havinﬁ t he SPNs
cor r espodttR) tHG Tt FRNER PBETHY e § g PenESEREF§ rﬁafgaﬁ Phft &%ttt el y

O e ARt FReS e Lol F st Rr i b U Py BbMRer o
per for m (e, spect al. pl awback W1 hout . gnaly210 e AV s eguLs be; 2040
encoding. In the video stream 601, each picture with a
15 predeterminedheaderattachedconstitutesonevideoaccessunit.
The pictures canbe read from the video stream 601 invideo access
units.
foos1]
As shown in FIG. 6, each PES packet 602 contains a PES
20 payload 602P and a PES header 602H. The I picture yyi, the ?
picture yy2, and the B pictures yy3 and yy4 of the video stream
601 are separately stored in the PES payloads 602P of different
PES packets 602. Each PES header 602H stores a presentation time
and a decoding time, i.e., a PTS (presentation time-stamp) and
95 a DTS (decoding time-stamp), respectively, of a picture stored

in the PES paylcad 602P of the same PES packet 602.

[0052]
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FIG 12 is a schematic diagram show ng the data structure of a playlist
file 1200. The play list file 1200 indicates the playback path of an AV
streamfile 1204. More specifically, the playlist file 1200 shows portions
Pl, P2, and - P3 to be actually 5 decoded in the AV streamfile 1204 and the
decodi ng order of these portions Pl, P2, and P3. The playlist file 1200
particularly defines with PTSs a range of each of the portions Pl, P2, and

P3 that are ! o-pes degodes: Lhg 981 LRAAET-A1¢,CORNE! Lad FQrmitioplathe AY

streamfile 1204 using thé clip I0 infornation result, the

range of w@agh-REctfer ROkt QiR pggke’énﬁbféoh§t@9‘{¥t‘iﬁgi #ed avi L SBENS.
[ 0063] As shown in FIG 12, the playlist file 1200 i ncludes at | east

one pi ece iofe Bhayi ram t&lgadidormat Ean1 4203yt EarknPi ece showel iRl ayet em
information 1201 defines a different one of playback sections in the

pl ayback 7at hresimg padraid 701 RESsohgspedt b¥ehy4rBpeeseshynystheagéart tine
Tl and the end tine T2. Each piece of playiteminformation 1201 is

i dentsfi ethiy andlzayisusemyide urnguest pat/head eoerof EpkbayPEENpaaket mhagi on
1201. The pieces 20 of playiteminformation 1201 are witten in the sane
order as diheldedlendaftddeel tomhespdpdigad BylRoK sdtffensnkt TS baclpeayback
path. Reversely, the playback path of a series of playback sections defined
by t he piECles Eafchpirayh¢ader nf @rieticoesl 20 forpatébear gedhtas & PAD . nEha pat h”
1205. 25[0064] __ The playlist file 1200 further includes an entry mark
1202. TheeEntidentarikierr o2 ehonenbatrinetpoanthawi nhalaid $tgaedl 1208het o be
actual |y played back. The entry mark 1202 can be assigned to a playback
section RHS peylopc RELE| Wyendis FESrpackeh 49D LS FecoaRaFpCcE2%asrSRown in
FIG 12, a plurality of entr\é mar ks 1202 are_ assigned to one_piece_ of
pl ayil? em3afdsiRycsh im the T pReleddr {0 HRrdkE 12 539 dft PaGkar! yOlsed for
searching a start %osi tion of_ playback when random access i s made, Wen the
pl ayli st 119 H¥0dVaeFraed &1 hf Road® Pathtfor 13 v i 815Cot Ot nst ance,
the entry marks 1202 _may_be assigned to the. top of each chapter.
Consequert] FrCPReLF AT aER dev: BELS 0P G EBT ST 10 M B RIS PRHbe
pl ayed back starting from 0 h hapters. 1006 G 13 is_.a
schemat i cl%iaacijfea#ntscﬂ&/ﬁc ﬁ%’aﬁketat gtoﬁ'lJc'%lFeEeagier %25 par%muiarly
includes an ATS (Arrival Time Stamp). The ATS shows the
15 transfer start time at which the TS packet is to be transferred
to a PID filter inside a system target decoder, which is
described later. In the manner described above, each packet 701
is converted to a 192-byte long source packet and written into
the AV stream file 513. Consequently, as shown in FIG. 7C, the
20 plurality of source packets 702 are sequentially arranged in
the AV stream file 513. The source packets 702 are serially
asgsigned from the top of the AV stream file 513. The serial
numbers are called SPNs (source packet numbers).
[0053]
25 The TS packets contained in the AV stream file include

those are converted from an elementary stream representing

audio, video, subtitles and the like. The TS packets algo
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of playiteminformation 1300. FIG 13 shows that the playitem 15

i nformati on 1300 includes reference clip information 1301, a playback start
time 1302, a playback end tine 1303, a connection condition 1310, and a
stream sel ection table 1305. [0066] The reference clip information 1301
identifies a clip 20 information file that is necessary for converting PTSs
to SPNs. The playback start time 1302 and the playback end tinme 1303

respect i Vely Shownble SEes: Ole Lheat it ohiiRs98d 1 0t bher o f gamif i | e to

be decode pl ayback "device 102 reférs to the entry map fromthe clip

i nformati gn-ddden MY eatad)by o berr gbergnar @3ceki RekaienaB) i onalgd, and
obt ai ns SPNs Tespectively corresponding to the playback start tinme 1302 and

the playbagke emthe ioier E3Q%s thes piibherphaphackndevisea 182chdesinéins a
portion of the AV streamfile to start reading and plays back the AV stream
starting duwman fe ledenhefpEnl qrothieopaT [/ f is 0. The PMT stores the
5 PIDs identifying the elementary streams representing video,
audio, subtitles and the like included in the same AV stream
file, and the attribute information of the elementary streams.
The PMT also has various descriptors relating to the AV stream
file. The descriptors particularly have information such as
10 copy control information showing whether copying of the AV
stream file is permitted or not. The PCR stores information
indicating the value of STC {(System Time Clock) to be aésociated
with an ATS of the packet. The STC is a c¢lock used as a reference
of the PTS and the DTS in a decoder. With the use of PCR, the
15 decoder synchronizes the STC with the ATC that is the reference
of the ATS.
[0054]
FIG. 8 is a schematic diagram showing the data structure
of the PMT 810. The PMT 810 includes, from the top thereof, a
20 PMT header 801, a plurality of descriptors 802, a plurality of
pieces of stream information 803. The PMT header 801 indicates
the length of data stored in the PMT 810. Each descriptor 802
relates to the entire AV stream file 513. The aforementioned
copy control information is described in one of the descriptors
25 802. Each piece of stream information 803 relates to a different
one of the elementary streams included in the AV stream file

513. Each piece of stream information 803 includes a stream type
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The connection condition 1310 specifies a condition for 5 connecting video
i mges to be played back between the playback section defined by a pair of
pl ayback start time 1302 and pl ayback end tine 1303 and the pl ayback
section specified by the previous piece of playiteminformation in the
playlist file. The connection condition 1310 has three types, "1", "5", and
10 "6", for exanple. Wien the connection condition 1310 indicates "1", the

vi deo i mages to beppd gyed hack Jv.Qumd be ROt 8bsbherl sstigam fhle
specified by the piece of playiteminformation does not need to be

seam esslgponpeat e M bBntheivLdesn IRESSnL©ide Jd¥ aned-hasck udeentbhe
portion of the AV streamfile specified 15 by the previous piece of

pl ayi t em st o 199 . cHa el @rcoicher, Bapdamihene tAED GoyEeehilgRageRdthéon 1310
indicates "5" or "6", both the video inmages to be played back need to be

seanl esslprwosnecied #iéhegbghyoldtelean . 0068: 28FLGH. dedfrmiiskd4Bseach
schematically show the rel ati onshi ps between pl ayback sections defined by

t he pbayiimemudd oraraiyidrtieo i€ ocanndohed fwhiea dlmwnatrmec sitaeamonduthon 1310
i ndi cates "5" or "6". When the connection condition 1310 indicates "5", as
shown in & G fAddne thetSTOsd odintawpeteceatdd. 25 playiteminformation Pl #1
and Pl #2 may be inconsecutive. That is, PTS TE at the end of the first AV
stream fi [@03%01F defined by the preceding first playiteminformation Pl#1
and PTS TS at  the top of the second AV streamfile 14013 defined by the
fol | owi ngcsetdndipfeynaerdnnfbiaati on Pl #2 may be inconsecutive. Note that,
in this case, several constraint conditions nust be satisfied. For exanple,
when the E®@ohd AV streamfile 1401B 5 is supplied to a decoder
SUbseguentIy to the first AV streamfile 1401F,  each of. the AV streamfiles
needdlt o be crEhfed &6 BhaFRERBCHE CHRITREPRMRRINUEEsFeS FFHE T Fe.

Furthernnrﬁ, the last frane of tge audi_o ngeanlcontained in ﬁhe ELrst AV
stream fite Aust- ettt el r SE1Pr am® ofROWe aldifdCst ranthe clip

information file 204524 is in one-to-one correspondence with the

AV stream file 2046A. The clip information file 20454 includes

clip information 901, stream attribute information 902, and an
15 entry map 903.

[0057]

As shown in FIG. 9, the c¢lip information 201 includes a
system rate 901A, a playback start time 201iB, and a playback
end time 901C. The sgystem rate 901A indicates the maximum

20 transfer rate at which the AV stream £ile 2046A is transferred
to the PID filter in the system target decoder, which is
described later. The interval between the ATSs of the source
packets in the AV stream £ile 2046A is set so that the transfer
rate of the source packet is limited to the system rate or lower.

25 The playback start time 901B shows the PTS of the video access
unit located at the top of the AV stream £file 2046A. For instarnce,

the playback start fime 901B shows the PTS of the first video
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10 contained in the second AV streamfile. On the other hand, when the
connection condition 1310 indicates "6", as shown in FIG 143, the first AV
streamfile 1402F and the second AV stream file 14023 nust be handl ed as a
series of AV streamfiles, in order to allow the decoder to duly perform

t he decode processing. 15 That is, STCs and ATCs must be consecutive
between the first AV streamfile 1402F and the second AV streamfile 1402B.
[ 00691 Refertd ngriho sﬂﬁbé&a&ﬂ inkd'® Sl eapmelegt 'v%.'iuteaglfeti%oéi‘%hows a

list of elenentary ans that the decoder 1 n the 20 playback device 102

can sel ecciei%%ga;ahngu%\éétter&arﬂefé & rdUEL-BE Eg% bR DAL R Jebespbanback

start tinme 1 the playback end tinme 1303. The stream sel ection table

1305 par tieit abl-¥ ticBCA HE8S hPbHRML AY OfreSid £ATR eBhERe 309 Eaeh, of the
streamentries 1309 includes a stream sel ecti on nunber 1306, stream 25 path

i nfor mat i ek aidl SinfeedmiicdeRbidsi eaki 9imi 8f opTAld ORKE308 =@f vadeo
correspondi ng el enentary stream The stream sel ection nunbers 1306 are

seri ab nufbehs @s&i ghedplaybdek stivamenbheesrahd09, and used by the

pl ayback device 102 to identify the elenentary streans. Each piece of
stream paitos#f ormati on 1307 shows an AV streamfile to which an elenentary
streamto be selected belongs. For exanple, if the streampath information
5 1307 shows "WaEn gatks"a sdiendtist déagrhn showingsponds:ttcostirecthrp
information file indicated by the reference clip information 1301. If the
stream path ihdg atmeEmatizdbuskonsfogmpsdrh PP2= As shavn AN $tGeadlfile to
which the elementary streamto be selected is an AV stream defined by a

pi ece of BDeeed-PI AtERmUtE sRARETSE LoRcPhdele il surntamp &Ur amss érgubpat h
I'D - 1. The sub-playiteminformati on piece defines a playback section that
f al | 40bet FRBACRECP] ByPa: Sharant i%ﬁ%ﬁ?%@%%@&@b&ék%ﬁ&l@% 1303.

Note that.the subEat h, and t he sub-&ol ayiteminformati on are descried in the
next sectidreppation is different depending on whether it corresponds

to a video stream, an audio stream, a PG stream, or an IG stream.
For example, each piece of attribute information 902B
corresponds to a video stream and includes a codec type 9021

15 used for the compression of the video stream as well as a
resolution 9022, an aspect ratio 9023 and a frame rate 9024 of
the pictures composing the video stream. On the other hand, each
piece of audio stream attribute information 902C corresponds
to am audio stream and has a codec type 9025 used for compressing

20 the audio stream, the number of channels %026 included in the
audio stream, a language 9027, and a sampling frequency 9028.
These pieces of attribute information 902B and 902C are used
for initializing a decoder in the playback device 102.
[0059]

25 FIG. 11A is a schematic diagram showing the data structure
of the entry map 903. As shown in FIG. 112, one entry map is

provided for each of the video streams in the AV stream file
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15 this specification. Each piece of streamidentification information 1308
indicates the PID of a correspondi ng one of the el enentary streans

mul tiplexed in an AV streamfile specified by the streampath information
1307. The el enentary streans indicated by the PIDs are sel ectabl e during
the time 20 between the playback start tinme 1302 and the playback end tine
1303. Al though not shown in FIG 13, each piece of streamentry 1309 al so
cont ains Alddyl Bile (LN OLORLLODS Ol o QA1 SRARY B0-ELPUBALAYNG LY £A FOr

exanple, the attri but e ormati on of an audio stream ‘a PG stream and an

| G streamdndicargs anpy! RIURGE LYPE Pladde: SidRRAMN AL offl &htdp 1S @

schemati ¢ di agram show ng the data structure of a playlist file 1500 when

the pl aybagknpatbrt 016 gefidigd- pelindesi subpak hthe Avash@BridrFHfom15, the
playlist file 1500 may include one or nore subpaths in addition to the main

pat h 150knheSubpat hehd 502t apdmd p0Beaaereaah 1a iplayidrek qat heymret | €he5 to
the main path 1501. The serial nunbers are assigned to the subpaths 1502
and 1503 ddrrdpaidielg thiRledred reeg sher etiel Rothe puapkirsbffthe 4806y The
serial nunbers are each used as a subpath ID for identifying the subpath.
Si m | ar | ypdimttshelomi rEqrat bnt 5@ lpdihat 106 2al phaybavie tpatrhsiodwang er pasr of

pl ayback sections defined 10 by the pieces of playiteminformation #1-3,
each of tdeP3alddChand 502 ahtl4 15030isespphdghac kvifdt & &off ferear ent oy

pl ayback sections defined by sub-playiteminformtion #1-3. The data
struct ur enayf EThelBRIGID| a4 Qem The AT 08 1502icatesdenfTeapiwkanht he data
structure of the playiteminformation show in FIG 13. That 15 is, each
‘piece of WY ilinetionfigdeat SGHSEE02ATENENEdEENr allhehndienfps the
information, a playback start _tinme, and a playback end tine. _ The playback
starﬂotiﬂ%“§H65§ﬁb1BF&V§é@B'§H8 Fiﬁ%c%ﬁr?h%ﬂ§ﬁﬁi6?%?¢F@ﬁ¥ﬁﬁFéPn%?E@n are
expressed on the sane tine axis as the playback tine of the main path 1501.
For exanpi%QGQﬁ)i n the streamentry 1309 included in the stream sel ection

tabl e 1305 of the playitem.information #2, assu at _the streampath

i nformation 1307%i H&%ft@?‘“ﬁfﬁ?ﬁy FO¥Ey © g’%t %g‘esf’%‘ﬁﬁei BQEP?EFcati on
information 1308.indicates. the PG stream#l. _.Then, in the at 02 with
subpathl*?qg ,eqcﬁntﬁgepﬁgyﬁggﬁa?Sfé@@ﬂ%ﬁ%%)’t%%yfﬁ%y??%%gggfgﬁﬁé ion #2

(he PO slcsam i deadl sstadeas bbs degaen aranle LLOR AU Sl s |

correspon ion erence clip

| nf opgBt Qe AN ybepl a¥h L 1 05 gRL | OB #21al B9ZH ceyioe 1BYT LART MO e,

t he sSub-playiteminformtion es afie al ' ed an SP connection

condi ti P%npé@&f%r&o@w&&eﬂiﬁ £RBULY IAN-LAY IF18% bhe caapB-reapbRgiag a
connection condition of the playiteminformation. That is, when the SP

connect i ofs GeNdirbk ORak-HUbE 8h€ U P NP thebpl a9BBRKPEE 108 vafdddhecAast r eam
file defined by two adjacent pieces of sub-playiteminformtion needs to
satisfy tiher Sameaeerdi tbakasutdepeendilt poayBaskr shel as fast-forward
or rewind, the playback device 102 specifies source packets
20  having the SPNs corresponding to the EP IDs by using the entry
map 903, and selectively extracts and decodes the source packets.
As a result, the I picture can be selectively played back. Thus,
the playback device 102 can efficiently perform the special
playback without analyzing the AV stream file 2046A.
25 [0061]

<<Playlist File>>»

f0062]
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10 above. [0072] <Configuration of 2D Pl ayback Devi ce> [0073]

Next, the configuration for the playback device 102 to play 15 back 2D

vi deo i mages fromthe BD-ROM disc 101, i.e . , the configuration of a 2D

pl ayback device will be described bel ow. [0074] FIG 16 is a

functi onal bl ock di agram showi ng a 2D pl ayback devi ce 1600. The 2D pl ayback
devi ce 1600 has a BD-ROM drive 1601, 20 a playback unit 1600A, and a

control unit )33 5 The Dlayback 1uniladEORANAS By teRAGRYAT &F rdb02re @
systemtarget decoder 1603, and a plane adder 1610. The control unit 16003

has a dywiac%_léyff@ﬁiﬁi@w@o 1684, pRastBid€ SiCaNakion MRAREYtaE08me a
program execution unit 1606, a playback control unit 1607, a player 25

vari abl e St/ gai;h d6a8, nandt i eh 1eVent4 pneaes shag iiick1160%hdhe
pl ayback ‘unit 1600A and the control unit 16003 are each inplenmented on a

di f f er entpliitla@taEedeci 2 cdlidghowsAbbetnahisvel y ,pa hend By hac keunétud 60PA and
the control unit 16003 nay al so be inplenented on a single integrated
circust. dpdEd WherhichavBBcREMndifstelQ20khsahdaded datodihg BRPAROWAri ve 5
1601, the BD-ROM drive 1601 radi ates laser light to the disc 101, and

det ects diiarsge porkight rei| ectzed fandm PBe dilse TRy lFstt héider e1208i ng t he
change in the anount of reflected Iight, the BD-ROM drive 1601 reads data
recor ded mrtimmldinly GefintisewBDh ROV G venge0et reachwiophecabrheads for
exanpl e. The optical 10 head has a sem conductor |aser, a collimate |ens, a
beam spl iRY.erE2 arfsb) Rt Ehat| ang, ta &6l Ideqadey | e i 2ed opt P care
detector. A beamof light radiated fromthe sem conductor |aser _

‘sequent | AIVgFEEe s FENSDIQF ndte AerEtrede behm spPtteeingahct ReLP
objective lens to be collected on a recordi n% Ia%/fer of the 1g B?— di sc
101. %he HIEREPHEEMS L 3% 1 &St Ed TEFFEi-f FREc 8Ty Oth&2F8cBIdFRG | ayer .
The reflected and diffracted, |light passe he objecti | ens, the beam
splitter PAdETHe Kol 1%t i HEF I%:%s%s FH i e%ﬂ?‘gc{’éﬁhoﬁﬁ%‘gt he opti cal

detector. %a_] result, a playback signal is generated at a level in
accor dancE ¥t

Asg shown in FIG. 12, the playlist file 1200 inciudes at
least one piece of playitem (PI) information 1201. Each piece
15 of playitem information 1201 defines a different one of playback
sectiong in the playback path using a pair of PTSs respectively
representing the start time Tl and the end time T2. Each piece
of playitem information 1201 is identified by a playitem ID
unigue to the piece of playitem information 1201. The pieces
20 of playitem information 1201 are written in the same order as
the order of the corresponding playback sections in the playback
path. Reversely, the playback path of a series of playback
gsections defined by the pieces of playitem information 1201 is
referred to as a “main path” 1205.
25 [0064]
The playlist £1i1e 1200 further includes an entry mark 1202.

The entry mark 1202 shows a time point in the main path 1205

35



20 the intensity of the collected light, and the data is decoded using the
pl ayback signal. [0076] The BD-ROM drive 1601 reads data fromthe BD-ROM
disc 101 based on a request fromthe playback control unit 1607. Qut of 25
the read data, an AV streamfile is transferred to the read buffer 1602, a
playlist file and a clip information file are transferred to the static
scenari o nenory 1605, and an index file, anovie object file and a BDJ

obj ect file,are diansf grnedatBathe EYNaMG-SREARM X0 ITRERN Me Loigdd077] The
read buffer 1602,6?%§;gyng%ic %cenario nengfy 1604, 5 and ?he-sEZtic |

scenari o e Dé)y%@@:’% atereagmer I d Bﬁgg]ya AdremaFyraeviea 1201 he
pl ayback un?ﬁgl OOA is used as the rgga bu feﬁr1602. Menory devices in the

control it <%k6Q@Bear gsusadwasihherdynan caspengal bt yreadramtifpdnarics t he
static scenario nenory 1605. In addition, different areas in a single
menory 1Qdeviee aBY¥ibhRedsed @ tdiese rElTDiliagste602nfebBdtand RBOSL. The
read buffer 1602 stores therein an AV streamfile. The static scenario
nemory 1@0fe shergsmaheneior dspbaytistlbrly ased £ ot isganehdngasi oAt | e,
nanely static scenario information. The dynam c scenario menory 1604 stores
t herei n gyrwmnicors cehapl aylisck nivbematizordos uebcess ahsi Faee -f iThen athvi e
object file, and a BD-J object file. [0078] The systemtarget decoder 1603
reads an pAAystirsgahifliel @2ppofiefines a playback path for a movie title,
for instance, the entry marks 1202 may be assigned to the top
of each chapter. Consequently, the playback device 102 enables
10  the movie title to be played back starting from any of the
chapters.
[0065]
FIG. 13 is a schematic diagram showing the data structure
of playitem information 1300. FIG. 13 shows that the playitem
15 information 1300 includes reference clip information 1301, a
playback start time 1302, a playback end time 1303, a connection
condition 1310, and a stream selection table 1305.
[0066]
The reference clip information 1301 identifies a c¢lip
20 information file that is necessary for converting PTSs to SPNs.
The playback start time 1302 and the playback end time 1303
respectively show the PTSs of the top and the end of the AV stream
file to be decoded. The playback device 102 refers to the entry
map from the clip information file indicated by the reference
25 clip information 1301, and obtains SPNs respectively

corresponding to the playback start time 1302 and the playback

end time 1303. Thus, the playback device 102 identifies a
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the read buffer 1602 in units of source packets and 20 denul tipl exes the AV
streamfile. The systemtarget decoder 1603 then decodes each of elenentary
streans obtained by the dermultiplexing. Information necessary for decoding
each el enentary stream such as the type of a codec and attribute of the
stream is transferred fromthe playback control unit 25 1607 to the system
target decoder 1603. The systemtarget decoder 1603 outputs a prinmary video

stream acseqondaiychbdep Streameale Il3 steeameandng Reasprepsudnt have
been dec ge In video access units. The output data are used as primary

video pl ang dat &yt SeeoNRAdat Mled-dih anes dadent 11G 4 anerwiadia, and PG pl ane
data, respectively. On the other hand, the systemtarget decoder 1603 m xes
the decodegdegsi mary audi o stream and 5 secondary audi o stream and outputs
the resultant data to an audi o output device, such as an internal speaker
103A of a di sphay dderieea.idr caddiittien 1the spsteémikar getodéroden 4603
recei ves graphics data fromthe program execution unit 1606. The graphics
dat a 5 s userthdarinerdeeonimgyaphic despthyas adbst®amniohernpbageazeen, and
isin a raster data format such as JPEG and PNG The systemtarget decoder
1603 pr ocesseion hde finphi by datmiandobuppaybachesdars dsiverag0dl aré dat a
Details of the systemtarget decoder 1603 will be described bel ow._[0079]
15The userlagttentk mrotdssiand 203 entotbedpiarback HSEF16PePREFHALFRACY he
renote control 104 and a front panel of the playback device 102, Based on
the user tdpepaevsausitHeassef Rt gt é@é@@ﬁglaﬁijﬂl BB P Pediest St fe
program execution unit 1606 or thecyla%Pack control unit _1607_1,0 gerforn1a
r-el evant Tr;}eb(%gg;ectlon condition 1310 nas three types, “17, ™5, and

10 “g”, for example. When the connection condition 1310 indicates
“17 the video images to be played back from the portion of the
AV stream file specified by the piece of playitem information
does not need to be seamlessly connected with the video images
to be played back from the portion of the AV stream file specified

15 by the previous piece of playitem information. On the other hand,
when the connection condition 1310 indicates “5” or “6”, both
the video images to be played back need to be seamlessly
connected with each other.

[0068]

20 FIGS. 142 and 14B each schematically show the
relationships between playback sections defined by the playitem
information to be connected when the connection condition 1310
indicates “5” or “6”. When the connection condition 1310
indicates %57, as shown in FIG. 14A, the STCs of two pieces of

25 playitem information PI#1 and PI#2 may be inconsecutive. That
ig, PTS TE at the end of the first AV stream file 1401iF defined

by the preceding first playitem information PI#1 and PTS TS at
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20 For exanple, when a user instructs to display a pop-up nenu by pushing a
button on the renote control 104, the user event processing unit 1609
detects the push, and identifies the button. The user event processing unit
1609 further requests the program execution unit 1606 to execute a command
corresponding to the 25 button, which is a conmand to display the pop-up
menu. On the other hand, when a user pushes a fast-forward or a rew nd

button onhe senpte aaNLLRL 04y fO-&xanel € 1B 1HS e ravRRE LIPrOEesSi ng
unit 1609 detects the push, and identifies the button. In addition, the

user evemsIPIREGesPE88cHAIH1 24802 LAESEhS: { 88 rlBYhas beCOM Sl dit 1vd 607 tO
fast-forward or rew nd the playback being currently executed according to a
pl aylist {0088k, in thieapkaybeckrsDidodt iy it TeRidiedrinohastrisast er of
files, such as an AV streamfile and an index file, fromthe BD ROM disc
101 to thatiesd df freir HQhplidhe wiphathe seepani avnetpeymlSOle BHOlB he
static scenario nenory 1605. A file system 10 nanaging the directory file
strucs ur e 2 micwd ito Bl @ecddes ssbdetijoentiys toconheofirFhadVistredoe

pl ayback control unit 1607 causes the BD-ROM drive to transfer the files to
each of thielargrwrlifesedbb2of 1804 PAhdt1666 Oslag mesystambearefbedopeni ng
files. The file opening is conposed of a series of the follow ng 15

pr ocessesshaf rdte dedodes wawme smoobblyetecrddsi shpr d¥idedFebtieEmeTee system
by a systemcall, and an attenpt is nmade to detect the file name fromthe

di r ect or WHe llasst fyamg €D Ghe AHEACt RETEaMe€ORGA1NSdsiiBcE88f GEYSR ®¥nt ent

of afile entry of the target file_ is transferred to a nempry of the

pl ayback terfatelfikf MUy AEFLlamndheoBiest érepft Pl tBFodRYLIPsSgERPat ed in
the nenory. Subpsequently, a file_handl e of. the target file is returned from
the £P1 e <SREFMID IPnEDHISRARK AVoREF R Ui 1€ 1687 Rarq et RPSd t WBSPI ayback
control unit 1607 can transfer th rget.file fromthe BD ROM dj 101 to
cach of LT FEHOICIL CT66M 1608 aha L 1605 585 byS s How riF CREYFY 18 FAidi o to

he BD- i . J.0081]..Th | k [ i 1607 he AV
e S0 RS 4 LSOy IR LY R SRS el BRE RIS LS
dri 1604. t t i_fi ot
p{gygack %%% gbcnﬁ%i %%gg% ﬁéggéege%$g§{?%{§§%Vgpgggﬁggﬁgﬁgﬁg?%%’s%gﬁario

mermory 160534 P LeSPPOSE teod@oéé?tt%%ﬁif%cefrr%tﬁg%éyﬂﬁ%@é@g'ﬂhb@” uni t

1606 or a request fromthe user event p essing unit 1609, and intérprets

the ggnt efl,0f; & hesddd &nd RRECAGRNER Wohldelhe ikl eeRiRkadtaantenty
particularly wth the playback path, the playback control unit 1607

speci fi esp@ns AV Sk €812 t D4 EF PARY eEhdaskeonndavnstrushssine BRoROM drive
1601 10 and the systemtarget decoder 1603 to read and decode the AV stream

to be pl aygegsdpck. Such pl ayback processing based on a playlist file is
call ed playlist playback. In addition, the playback control unit 1607 sets
various types méf@rayes ceaFi@bllesadant hehpl styssaw aeilablte osit talalpe 16065t 1608
using the 15 static scenario information. Wth reference to the player
vari abl esshdie pl aybackfcedementanyt sti@Gamspadidt eshandetedent any tiereamto
be decoded, and provides the systemtarget decoder 1603 with information
necegdar ypIlaybalek othvigd Hd elcemeredeytsfremnthe AV stream file during
the time between the playback start time 1302 and the playback
end time 1303. The stream selection table 1305 particularly
includesg a plurality of stream entries 1309. Each of the stream
entries 1309 includeg a stream selection number 1306, stream
25 path information 1307, and stream identification information

1308 of a corresponding elementary stream. The stream selection

numbers 1306 are gerial numbers assigned to the stream entries
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20[ 0082] The pl ayer variable storage unit 1608 is conposed of a group of
regi sters for storing player variables. The player variables include system
paranmeters (SPRM showi ng the status of the player 102, and general
paranmeters (GPRM for general 25 use. FIG 17 is a list of SPRM Each SPRM
I s assigned a serial nunber 1701, and each serial nunmber 1701 is associ ated
with a variable value 1702. The contents of major SPRM are shown below. 5

o LA S ol seriel numbecs ity SR

stream nWikglenteRRMst reams . Each piece of stream path information 1307
showg an AV gtream file to which an elementary sefeam to be
selected belongs. For example, if the stream path information
5 1307 shows “main path’”, the AV stream file corresponds to the
clip information file indicated by the reference clip
information 1301. If the stream path information 1307 shows
“subpath ID = 17, the AV stream file to which the elementary
stream to be selected is an AV stream defined by a piece of
10 .sub—playitenlinformation.included.in.the subpath whose subpath
ID = 1. The sub-playitem information piece defines a playback
section that falls between the playback start time 1302 and the
playback end time 1303. Note that the subpath and the
sub-playitem information are descried in the next section of
15 this sgpecification. Each piece of stream identification
information 1308 indicates the PID of a corresponding one of
the elementary streams multiplexed in an AV stream file
specified by the stream path information 1307. The elementary
streamg indicated by the PIDs are selectable during the time
20  between the playback start time 1302 and the playback end time
1303. Although not shown in FIG. 13, each piece of stream entry
1309 also contains attribute information of a corresponding
elementary stream. For example, the attribute information of
an audio stream, a PG stream, and an IG stream indicates a

25 language type of the stream.

[0070]

FIG. 15 is a schematic diagram showing the data structure
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(3) :Angle nunber SPRM (4) :Title nunber SPRM (5) :Chapter nunber
SPRM (6) :Program nunmber 10 SPRM

of a playlist file 1500 when the playback path to be defined
includes subpaths. As shown in FIG. 15, the playiist file 1500

may include one or more subpatl';s in addition to the main path
1501. Subpaths 1502 and 1503 are each a playback path parallel

5 to the main path 1501. The serial numbers are assigned to the
subpathe 1502 and 1503 in the order they are registered in the
playlist file 1500. The serial numbers are each used as a subpath

ID for identifying the subpath. Similarly to the main path 1501
that is a playback path of a series of playback sections defined

10 by the pieces of playitem information #1-3, each of the subpaths
1502 and 1503 is a playback path of a series of playback sections
defined by sub-playitem information #1-3. The data structure

of the sub-playitem information 1502A is identical with the data
structure of the playitem information shown in FIG. 13. That

15 is, each piece of sub-playitem information 1502A includes
reference clip information, a playback start time, and a
playback end time. The playback start time and the playback end
time of the sub-playitem information are expressed on the same
time axis as the playback time of the main path 1501. Foxr example,

20 in the stream entry 1309 included in the stream selection table
1305 of the playitem information #2, assume that the stream path
information 1307 indicates “subpath ID = 0”, and the stream
identification information 1308 indicates the PG stream #1.
Then, in the subpath 1502 with subpath ID = 0, for the playback

25 section of the playitem information #2, the PG stream #1 is
selected as the deceode target from an AV stream £file

corresponding to the c¢lip information f£ile shown by the
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(7) :Cell number SPRM (8) :Selected key name SPRM (9) :Navigation
timer SPRM (10) :Current playback tine SPRM

reference ¢lip information of the sub-playitem information #2.
[0071]
Furthermore, the sub-playitem information includes a
field called an SP connection condition. The SP connection
5 condition carries the same meaning as a connection condition
of the playitem information. That is, when the SP connection
condition indicates “5” or “6”, each portion of the AV stream
file defined by two adjacent pieces of sub-playitem information
needs to satisfy the same condition as the condition described
10 above.
[0072]
<Configuration of 2D Playback Devicex
[0073]
Next, the configuration for the playback device 102 toplay
15 back 2D wvideo images from the BD-ROM disc 101, i.e., the
configuration of a 2D playback device will be described below.
[0074]
FIG. 16 is a functional block diagram showing a 2D playback
device 1600. The 2D playback device 1600 has a BD-ROM drive 1601,
20 a playback unit 1600A, and a control unit 1600B. The playback
unit 1600A has a read buffer 1602, a system target decoder 1603,
and a plane adder 1610. The control unit 1600B has a dynamic,
scenario memory 1604, a static scenario memory 1605, a program
execution unit 1606, a playback control unit 1607, a player
25 variable storage unit 1608, and a user event processing unit
1609. The playback unit 16002 and the control unit 1600B are

each implemented on a different integrated circuit.
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(11) :Player audio m xing node for Karaoke 15 SPRM (12) :Country code for
parental managenent SPRM (13) :Parental |evel SPRM (14) :Player
configuration for video SPRM

Alternatively, the playback unit 1600A and the control unit
1600B may also be implemented on a single integrated circuit.
[0075]
When the BD-ROM disc 101 is loaded into the BD-ROM drive
5 1601, the BD-ROM drive 1601 radiates laser light to the disc
101, and detects change in light reflected from the disc 101.
Furthermore, using the change in the amount of reflected light,
the BD-ROM drive 1601 reads data recorded on the disc 101. The
BD-ROM drive 1601 has an optical head, for example. The optical
10 head has a semiconductor laser, a collimate lené, a beam
splitter, an objective lens, a collecting lens, and an optical
detector. A beam of 1light radiated from the semiconductor laser
sequentially passes the collimate lens, the beam splitter, and
the objective lens to be collected on a recording layer of the
15 BD-ROM disc 101. The collected beam is reflected and diffracted
by the recording layer. The reflected and diffracted light
passes the ocbjective lens, the beam splitter, and the collecting
lens, and is collected onto the optical detector. As a result,
a playback signal is generated at a level in accordance with
20 the intensity of the collected light, and the data is decoded
using the playback signal.
[0076]
The BD-ROM drive 1601 reads data from the BD-ROM disc 101
based on a request from the playback control unit 1607. Out of
25 the read data, an AV stream file is transferred to the read buffer
1602, a playlist file and a clip information £ile are

transferred to the static scenario memory 1605, and an index
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(15) :Player configuration for audio SPRM (16) :Language code for audio
stream 20 SPRM (17) :Language code extension for audio stream SPRM (18)
: Language code for subtitle stream SPRM

file, amovie object file and a BD-J object file are transferred
to the dynamic scenario memory 1604.
[oo77]
The read buffer 1602, the dynamic scenario memory 1604,
] and the static scenario memory 1605 are each a buffer memory.
2 memory device in the playback unit 1600A is used as the read
buffer 1602. Memory devices in the control unit 1600B are used
as the dynamic scenario memory 1604 and the static scenario
memory 1605. In addition, different areas in a single memory
10 device may be used as these memories 1602, 1604 and 1605. The
read buffer 1602 stores therein an AV stream file. The static
scenario memory 1605 stores therein a playlist file and a clip
information file, namely static scenario information. The
dynamic scenario memory 1604 stores therein dynamic scenario
15 information, such as an index file, a movie object file, and
a BD-J object file.
[0078]
The system target decoder 1603 reads an AV stream file from
the read buffer 1602 in wunits of source packets and
20 demultiplexesthelﬂfstreamfile.ThesystemtargetdecoderlGOB
then decodes each of elementary streams obtained by the
demultiplexing. Information necessary £or decoding each
elementary stream, such as the type of a codec and attribute
of the stream, is transferred from the playback control unit
25 1607 to the system target decoder 1603. The system target
decoder 1603 outputs a primary video stream, a secondary video

stream, an IG stream, and a PG stream that have been decoded
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(19) :lLanguage code extension for subtitle stream SPRM (20) :Player
regi on code SPRM (21) :Secondary video stream nunber 25 SPRM (22)
: Secondary audi o stream nunber SPRM

in video access units. The output data are used as primary video
plane data, secondary video plane data, IG plane data, and PG
plane data, respectively. On the other hand, the system :carget
decoder 1603 mixes the decoded primary audio stream and

) secondary audio stream and outputs the resultant data to an
audio output device, such as an internal speaker 103A of a
display device. In addition, the system target decoder 1603
receives graphics data from the program execution unit 1606.
The graphics data is used for rendering graphics such as a GUI

10 - menu on a screen, and is in a raster data format such as JPEG
and PNG. The system target decoder 1603 processes the graphics
data and outputs the data as image plane data. Details of the
system target decoder 1603 will be described below.

[0079]

15 The user event processing unit 1609 detects a user
operation via the remote control 104 and a front panel of the
playback device 102. Based on the user operation, the user event
processing unit 1609 requests the program execution unit 1606
or the playback control unit 1607 to performa relevant process.

20 For example, when a user instructs to display a pop-up menu by
pushing a button on the remote control 104, the user event
processing unit 1609 detects the push, and identifies the button.
The user event processing unit 1609 further requests the program
execution unit 1606 to execute a command corresponding to the

95 button, which is a command to display the pop-up menu. On the
other hand, when a user pushes a fast-forward or a rewind button

on the remote control 104, for example, the user event

44



(23) :Player status 'SPRNI(24) : Reserved 5 SPRM SPRM SPRM SPRM SPRM SPRM
SPRM (25) (26) (27) (28) (29) ( 30) (31) :Reserved : Reserved
: Reserved : Reserved : Reserved : Reserved : Reserved

processingunit 1609 detects the push, and identifies the button.
In addition, the user event processing unit 1609 requests the
playback control unit 1607 to fast-forward or rewind the
playback being currently executed according to a playlist.

5 [0080]

The playback control unit 1607 controls transfer of files,
such as an AV stream file and an index file, from the BD-ROM
disc 101 to the read buffer 1602, the dynamic scenario memory
1604, and the static scenario memory 1605. A file system

10 managing the directory file structure 204 shown in FIG. 2 is
used for this control. That is, the playback control unit 1607
causes the BD-ROM drive to transfer the files to each of the
memories 1602, 1604 and 1605 using a system call for opening
files. The file opening is composed of a series of the following

15 processes. First, a file name to be detected is provided to the
file system by a system call, and an attempt is made to detect
the file name from the directory/file structure 204. When the
detection is succesgful, a content of a file entry of the target
file is transferred to a memory of the playback control unit

90 1607, and FCB (File Control Block) is generated in the memory.
Subsequently, a file handle of the target file is returned from
the file system to the playback control unit 1607. After this,
the playback control unit 1607 can transfer the target file from
the BD-ROM disc 101 to each of the memeories 1602, 1604 and 1605

25 by showing the file handle to the BD-ROM drive.

[0081]

The playback control unit 1607 decodes the AV stream file
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[0084] The SPRM (10) is the PTS of the picture being currently 10 being
decoded, and is updated every time the picture is decoded and witten into
the primary video plane nmenory. Accordingly, the current playback point can
be known by referring to the SPRM (10) . [0085] 15The | anguage code for the
audi o stream of the SPRM (16) and the | anguage code for the subtitle stream
of the SPRM (18) show default |anguage codes of the player. These codes may

be changed, %@uﬂgr@&%t Eat'éea&i B8R =0 Sehae RPN $RLAYIe 0D tiey pl ayer

102 or the [l e changed by an application 20 programvia the

program execHt § 951 Uhid + 1606« kRl t Xk cddert heo SPAMrel&e shovsal Bngl i sh”,
i n playback processing of a playlist, the playback control unit 1607 first

sear ches e 3thepmSebaet-banuhabl esdn tdedPlayllgmiistf aiaet foamf tie a
stream entry having the | anguage code for "English". The playback 25

control Widrik6@%ehhaen cexbhaey sl dde iRl Bebpomstheo stir ¢antirdentbhi £athon
I nformation of the streamentry and transmts
5 the program execution unit 1606 or a request from the user event
processing unit 1609, and interprets the content of the file.
In accordance with the interpreted content, particularly with
the playback path, the playback control unit 1607 specifies an
AV stream to be played back, and instructs the BD-ROM drive 1601
10 and the system target decoder 1603 to read and decode the AV
stream to be played back. Such playback processing based on a
playlist file is called playlist playback. In addition, the
playback control unit 1607 sets various types of player
variables in the player variable storage unit 1608 using the
15 static scenario information. With reference to the player
variables, the playback control unit 1607 specifies an
elementary stream to be decoded, and provides the system target
decoder 1603 with information necessary for decoding the
elementary streams.
20  [o082]

The player variable storage unit 1608 is composed of a
group of registers for storing player variables. The player
variables include system parameters (SPRM) showing the status
of the player 102, and general parameters (GPRM) for general

95 use. FIG. 17 is a list of SPRM. Each SPRM is assigned a serial
number 1701, and each serial number 1701 is associated with a

variable value 1702. The contents of major SPRM are shown below.
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the extracted PID to the systemtarget decoder 1603. As a result, an audio
stream having the sane PID is selected and decoded by the systemtarget
decoder 1603. These processing can be executed by the playback control unit
1607 with use of the novie object file or the BD-J object file. 5[0086]
During pl ayback processing, the playback control unit 1607 updates the

pl ayer variables in accordance with the status of the playback. The

pl aybaCkH%%@t,rQheu?%%)ck@@éduﬁ’ﬂ%%%st heaSRRV bhe ddie aSPRMnisR)rs,. t he SPRM
(21) and the SPRM in particular. 10 These SPRM respectively show, in
the stateq@g@rger, the stream sel ection nunbers of the audio stream the
subtitle stream the secondary video stream and the secondary audi o stream
which are curenid % ohel nd.apiReREsebdeAs one exanpl e, assune that the audio
stream nunber SPRM (1) has been changed by the program 15 execution unit
1606. I n thisgease,(1hhe praykack aetilo altrednt e i rst searches the
stream sel ection table in the playiteminformation currently being played
back for a stceem qr)ry [iswtididiirg scrstameammgaEect i on nunber that matches

t he stream sel ecti on nunber shown by the changed SPRM (1) . The pl ayback 20
control unit BEM t{zen edtrdet sl D fromthe streamidentification in
the streamentry and transmts the extracted PID to the systemtarget
decoder 1603. S&RMa (dgsul 4Tittdwe sy stream having the same PID is sel ected
and decoded by the systemtarget decoder 1603. This is how the audio stream
targeted for ZPRY ayack Fhapiifn dHE'PeThe subtitle stream and the secondary
video streamto be pl ayed back can he switched in a simlar manner. [0087]
The pl ayback S8RUtiON wrRECLETE FEREHr ocessor and execut es progr ans
stored in the novie object file or the BD-J object file. The pl ayback
exectfi on uni tSPEBD6l Bxecte’st tHEWEF ol | owi ng controls in particuiar in
accordance with the progr anf. é?lﬁ] The gl a¥back execution unit 1606
instructs the %ﬁ%ﬂ/b k ci of i'fe o perform playlist playback

processing. (2)__The playhack. execution unit 1607 generates graphics data
for a menu or %de‘%n@as %ﬁaﬁ’ﬁﬁ&; ?%r%%lér data, 10 and transfers the
gener at ed dat t he system er. 1603 to be conposited with
ot her video d%éf&s e%)l fi%u%%%ﬁﬁﬁa}gﬁggﬁeééégontrol s can be desi gned

relatively fl %@%mfﬂ ougfa}ﬁéef)gémgeﬁig%@gmoggagOi:sKaEnggont ents of the

controls are ned by 1 e programm ng procedure of the novie object
fil 91%5 and t%ﬁ@ d19pi egtufite E8atheoauphoehnglprassgumnenef the BD-ROM

di sc '101. [0O0

SPRM (13) :Parental level
SPRM (14) :Player configuration for video
SPRM (15) :Player configuration for audio
SPRM {16} :Language code for audio stream

20 SPRM (17) :Language code extension for audio stream
SPRM (18) :Language code for subtitle stream
SPRM (19) :Language code extension for subtitle stream
SPRM (20) :Player region code
SPRM (21) :Secondary video stream number

25 SPRM (22) :Secondary audio stream number

SPRM (23) :Player status

SPRM (24) :Reserved
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The pl ane adder 1610 receives primary video plane data, secondary video

pl ane data, 1G plane data, PG plane data, and 20 i mage plane data fromthe
systemtarget decoder 1603, and conposites these data into a video frame or
a field by superinposition. The resultant conposited video data is
outputted to the display device 103 and displayed on a screen thereof.
25[0089] "Structure of System Target Decoder” [0090] FIG 18 is a
functional bl aglei agnampfsdhgsystem target decoder 1603. As shown in
FIG 18, the systemtarget decoder 1603 includes a source depacketi zer
1810, an ATC c@itih efzeh82Gedfid$t 27 MHz clock 1830, a PID filter 1840, an
STC counter 5 (STClg 1850, a second 27 WMHz cl ock 1860, a prinmary video
decoder 1870, gpmecondaryrad«edgdecoder 1871, a PG decoder 1872, an |G
decoder 1873, a primary audi o decoder 1874, a secondary audi o decoder 1875,
an i mage processen (880, : Regutvady video plane nenory 1890, a secondary

vi deo pl ane nenory 1891, a PG plane 10 nenory 1892, an |G pl ane nenory
1893, 5an i magesFrMnEe MemrysdB884 and an audi o mi xer 1895. [0091] The
source depacketizer 1810 reads source packets fromthe read buffer 1602,
extracts the TPpackxl)s fRepettwiread source 15 packets, and transfers the
TS packets to the PID filter 1840. The source depacketizer 1810 further

adj usts the tisRR®f (3e thegeferdin accordance with the ATS of each source -
packet . %m fically, the source depacketizer 1810 first nonitors the val ue
of the AT®hkrated by the ATC counter 182. Here, the 20 val ue of the ATC
is a value of the ATC counter 1820, and is_increnented in accordance with a
pul se of the cTRRISERYNEI0)ofs Khder TSt Of?tﬁﬂzPéFEHk’el@@éngSﬁB§EﬁUEiYI y, at
“the |nstant the value of the ATC and the ATS of source acket are

i dentlf calbeimR eSS dRPA K UPFB SPga VT Y dnidtef et?ﬁecﬁ*ér ackBECeRttact ed

25 fromthe source packet to the PID fJéter 1840 at the gecorgl.ng rate RTsi
of the APRY Eoihks éntfbo‘ééﬁ]prlmary video plane memory. ACcordingly,

the current playback point can be known by referring to the SPRM
(10) .
[0085]

15 The language code for the audio stream of the SPRM (16)
and the language code for the subtitle stream of the SPRM (18)
show default language codes of the player. These codes may be
changed by a user with use of the 08D (On Screen Display)} of
the playef 102 or the like, or may be changed by an application

20 program via the program execution unit 1606. For example, if
the SPRM (16) shows “English”, in playback processing of a
playlist, the playback control unit 1607 first searches the
stream selection table in the playitem information for a stream
entry having the language code for “English”. The playback

25 control unit 1607 then extracts the PID from the stream
identification information of the stream entry and transmits

the extracted PID to the system target decoder 1603 . As a result,
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The PID filter 1840 first selects, fromanong the TS packets outputted from
t he source depacketizer 1810, TS packets which have a PID that matches a

PI D pre-specified by the playback control unit 1607. The PID filter 1840
then transfers the 5 selected TS packets to the decoders 1870-1875
depending on the PID of the TS packets. For instance, a TS packet with PID
Ox1011 is transferred to the primary video decoder 1870, TS packets with

Pl Ds rangj f o - 1 5 1F,
01200 1 S OEHE "GhG OnEAO0 1 o O DATE e 10 Trarsr e rod to Che serondary

vi deo deqagler, 182k« £ EEABEYrALH O HRESEYrokBEb idI8an eroagas Yt addi O
decoder 1875, the PG decoder 1872, and the I'G decoder 1873, respectively.

[0093] The, Ri2 {?hbpsacw@nm: heti Wateet &1iPERi& o earhmESipaskeect5 using
the PID of" the TS packet. In this case, the PID filter 1840 sets the val ue

of the STG rOUM efhd &) & oy sxfedei Bs mi ned val ue. Herein, the value of the
STC counter 1850 is increnented in accordance with a pul se of the clock

si gnal of [¢dessecond 27 MHz cl ock 1860. In addition, the value to which the
STC counter 20 1850 is set to is instructed tothe PIDfilter 1840 fromthe
pl ayback cont rmhrimd 14§02 ckpmshesring Theeddeydmrck t8ALr 087181 1idaghOlise t he
val ue of the STC counter 1850 as STC. That is, the decoders 1871-1875

per f or m depdaii ey propdsyengveniahéeFSipaakersiont puitidy theomtekesprd fil ter
1840 at the tine indicated 25 by the PTS or the DTS shown by the TS
packets. fiooMayheeskpr Tingr plaviackdeenttpl 1870t 0 TARERGSF Hhe STEM
includes a TB (Transport Stream Buffer) 1801, an MB él\/u,l ti plexing Buffer)
1802, an EP ( EhendiR(y ) st Flea mPBIY { oF) argbihe SRR b és‘é’HP@FHéﬁug@Eoder
(Dec) 1804, and a DPB (Decoded Pi cture,Buffer% 180[%. 'I%YIB 1801, the MB
1802,10t heTlEpsg PR s egng Sty PPBSIgYs &RcHIAre-HTT &F e §hG%3% an

area of a nenory device internally provided in._the i mary \Vvideo % coder
1807. Son@ebPCalPn srmbsd =TRE e 2UdRe W%%Q,t%ﬁuéélggﬁft%%ad“t “DPB
1805 may be separated_in different ry deviges. The TB 1801 res the
TS packat SS7oRGaTad F9% S HREBH O 119 (1 FSTOPEEEs ARGy Ste C T hE NG T 807
stores PES packets r.econstructed fromt S i B 1801.
Not e t hat *RREH TS g’?&?gtgra?gsf;?ghs#%ﬁ) r és_"dgg(rggﬁ]&f% heé%gﬁgo%%%%ﬁ%e VB
1802, the_TS. he [_1LS om.e cts an
encoded v?ldeooa%g%esaém u%!@?gggnp%ewE%H&aﬁee?g%?%ﬁﬁgﬁg %{1%8 ?J %g@é%t&?act ed
encoded VLIE0,AFEESE N 164 NOT Al Nn i@ M LCQLAL AR BN dilideSini
conpressed pirctures, 1.e., picture, B picture, and P picture. Note that

when dat alis§7tffzﬁbsgp%%%§%hfe%omléh§ti\@ar&g@.é&ﬂ&§tE%l@Qitﬁéﬂ 1RES theader s
acC

renmoved frome ES packet. The conpressed video decoder 1804 decodes

each vi degn20-a6€888 HlktehR1ihedVB 180214 tikecikt | fBroh iheeBRS esftawn by
the original TS packet. Herein, the conpressed video decoder 1804 changes a

decodi ng sghefBihg acserdanceeeth ibhencompiestiaen mencidisngHoratatesm e. g.
MPEG 2, MPEG4AVC, and VCl, and the streamattribute of the conpressed
pi ctures skoeedibA hhieb¥ide€lown by the changed SPRM (1} . The playback
20 control unit 1607 then extracts the PID from the stream
identification in the stream entry and transmits the extracted
PID to the system target decoder 1603. As a result, the audio
stream having the same PID is selected and decoded by the system
target decoder 1603. This is how the audio stream targeted for
25 playback is switched. The subtitle stream and the secondary

video stream to be played back can be switched in a similar

mannexr.
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25 access unit. The conpressed video decoder 1804 further transfers the
decoded pictures, i.e., video data of a franme or a field, to the DPB 1805.
The DPB 1805 tenporarily stores the decoded pictures. Wien decoding a P
picture or a B picture, the conpressed video decoder 1804 refers to the
decoded pictures stored in the DPB 1805. The DPB 1805 further wites each
of the stored pictures into the primary video plane nenory 1890 at the 5
time of tﬁq?égﬁs shown by the original TS packet. [0095] The secondary
vi deo decoder "1871 has the sanme structure as the primary video decoder

1870. The Secwrg%% geor desder 137 Lohi £ St cdeeodes ot ha-Jk3 pagkepggof the

secondary vi deo st 10 received fromthe PID filter 1840, into

unconpr essetRidd Wreraaitbseguent by, chbanseronssydcvirdae deceder syl

wites the resultant "unconpressed pictures into the secondary video pl ane

menory 1%33}; @it thend | n@h@f%na%%ﬁ shewnthyyr e ikS pagkeixe £@O96] th8The PG

decoder 2 decodes the packets received fromthe PID filter 1840 into
unconpr essEd @faphi esndabas and Wartesdhe r esul deddrdscospressedtpgeaphi cs
data to the PG plane 1892 at the time of the PTS shown by the TS packet.
[0097] 2Q@hheyddmglec@derThkS Pl agdeadeexkhatiSrpacket 4 606ceneeduttenthhe PI D
filter 1840 into unconpressed graphics data, and wites the resultant
unconpr essietylgpdphicostdatla toit had d0G pkanepdB8d3rmt ey ltiiste playhecRTS
shown by the TS packet. [0098] 25The primary audi o decoder 1874 first
stores t kS gricket s(2kcEheenf pybelrsPiadadutarct840riht b6 @7 bgefierapesvi ded

t herein. Subsequently, the primary audi o decoder 1874 renoves the TS
o graphics data for a menu or a game as PNG or JPEG raster data,

10 and transfers the generated data to the system target decoder
1603 to be composited with other video data. Specific contents
of these controls can be designed relatively flexibly through
program designing. That is, the contents of the controls are
determined by the programming procedure of the movie object file

15 and the BD-J object file in the authoring procedure of the BD-ROM
disc 101.
f0088]

The plane adder 1610 receives primary video plane data,
secondary video plane data, IG plane data, PG plane data, and

20 image plane data from the system target decoder 1603, and
composites these data into a video frame or a field by
gsuperimposition. The resuitant composited video data is
outputted to the display device 103 and displayed on a screen
thereof.

25 [0082]
<<Structure of System Target Decoders>:

[0090]
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header and the PES header from each TS packet in the buffer, and decodes
the remai ning data into unconpressed LPCM audi o data. The primary audi o
decoder 1874 further outputs the resultant audio data to the audi o m xer
1895 at the tinme of the PTS shown 5 by the original TS packet. The primary
audi o decoder 1874 changes a decodi ng scheme of the unconpressed audi o data
in accordance with the conpression encoding formats, e.g., Dol by Digital

Plus and DTS- HBGLBR: and #he-sideainaddd Bukgranfof Reepsi sbey widfar stream
included in the TS packets. 10[ 00991 The secondary audi o decoder 1875

has the gameashs Weblr erasshBenpihnBLy. audj ocdecogererl 87 gdthelsesgbndar y
audi o decoder 1875 decodes the TS packets of the secondary audi o stream

recei ved 1o hBEuBED 4 iddisfcel 840atReaivreonpl es sad ATRPChbantden UH @at a.
Subsequently, the secondary audi o decoder 1875 outputs the unconpressed
LPCM audizo fdeka Lo MHe aldcr nBxer 4895Dafilbertig®lofan BETPT®whosn by t he
original TS packet. The secondary audi o decoder 1875 changes a decodi ng
schene of(gita yubgbopreessedndudli ¥Hdat bodh 1&ECor dancianasiyt idke ¢er@issi on
encoding format, 20 e.g., Dolby Digital Plus, DIS-HD LBR, or the |ike and
t he stredam7att ri patendaty tiicdey idemodeauditd 1st reBmdgqrdaidéd’ien BReldS
packets. [01001 The audi o m xer 1895 m xes_(superinposes) the uncoppressed
25 audi o SeaElesu§UBt ed BF¥ R ThetioeSrlal - 80éco8eFeE 845K P ERE
unconpressed audi o data outputted fromthe secondar audio_gecod r 1875
with eackles&r, 1BHE add dMRERePTPE9550Hr £REP / BuPﬁgFgthgl %QUPf%ﬁT
conposited audio to an internal speaker 103A of the &i Elaé ggvife 103 or
the |ikeNgPIY1[L 80 PmEGEOPFGEYs 3P SPeBR3PECBTES Yy 5% c tB#%e . |

PNG .
10 memory 1892, an IG plane memory 1893, an image plane memory 1894,

and an audio mixer 1895.
[0091]
The source depacketizer 1810 reads source packets from the
read buffer 1602, extracts the TS packets from the read source
15 packets, and transfers the TS packets to the PID filter 1840.
The source depacketizer 1810 further adjusts the time of the
transfer in accordance with the ATS of each source packet.
Specifically, the source depacketizer 1810 first monitors the
value of the ATC generated by the ATC counter 182. Here, the
20 value of the ATC is a value of the ATC counter 1820, and is
incremented in accordance with a pulse of the clock signal of
the first 27 MHz clock 1830. Subsequently, at the instant the
vaiue of the ATC and the ATS of a source packet are identical,
the source depacketizer 1810 transfers the TS packet extracted
25 from the source packet to the PID filter 1840 at the recording
rate Regn of the AV sgstream file.

[0092]
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5 or JPEG raster data, along with the PTS thereof fromthe program
execution unit 1606. Upon the reception of the graphics data, the inage
processor 1880 appropriately processes the graphics data and wites the
graphics data to the i mage plane nenory 1894 at the tine of the PTS

t hereof. 10[0102] <Physical Arrangenent of AV Stream File for 2D Video on
Di sc> [0103] Next, a physi cal arrangenent of AV streamfiles for 2D

vi deo i nmages W@&pfﬁﬁ5n91f£g£eq8g%t i t%?f%%ﬁglsgrgglgmgﬁ %ﬁgpers

descri bed bel ow. arrangenent vi deo I nages -t

sean ess| eaegeg PGkl 2R c@h@ége%t%@esléf@t T%i 9eo.d frges and

sounds a playe snoot hly and contintiously fromAl |l streamfiles.

[ 0104] Z%chrﬁﬁg@@@ ﬁ’tﬂ)%%a%ﬁﬁaf@ﬁ@é%99139@)1@1%&@‘1@@@&%?%11%0&1 sat a

sequences W th consecutive | ogical addreSses. Here, |oglical addresses are

subst ant i ]e-LOuiYst enbot0 piwsiEE Addressesson thhke dixms@as-desksi bed
above. Accordingly, when | ogical addresses are consecutive, the

cor r egponding Jay $icCgh c REt 34 @33L8c680ehe TONS! UeTedpdiniian bal the
consecutive as well. In other words, the pickup of the disc drive can read
data havizup e@nses gt y@ck@gscaﬂ'ozﬂdwseam@ Wi MBoph cReekvprlo GESses1 0 56
is transferred to the primary video decoder 1870, TS packets
with PIDs ranging from 0x1B00 to O0x1B1F, 0x1100 to O0x11l1F,
0x1A00 to OxI1AIF, 0x1200 to 0x121F, and 0x1400 to 0x141F are
10 transferred to the secondary video decoder 1871, the primary
audic decoder 1874, the secondary audio decoder 1875, the PG
decoder 1872, and the IG decoder 1873, respectively.
[0093]
The PID filter 1840 further detects PCR from each TS packet
15 using the PID of the TS packet. In this case, the PID filter
1840 sets the value of the STC counter 1850 to a predetermined
value. Herein, the value of the STC counter 1850 is incremented
in accordance with a pulse of the clock signal of the second
27 MHz clock 1860. Inaddition, the value to which the STC counter
20 1850 is set to is instructed to the PID filter 1840 from the
playback control unit 1607 in advance. The decoders 1871-1875
each use the value of the STC counter 1850 as STC. That is, the
decoders 1871-1875 perform decoding processing on the TS
packets outputted from the PID £ilter 1840 at the time indicated
25 by the PTS or the DTS shown by the TS packets.
[0C94]

The primary videco decoder 1870, as shown in FIG. 18,

52



"Extents" nean, hereinafter, data sequences having consecutive | ogical
addresses in the AV streamfiles. [0105] In the volunme area 2023 shown in
FIG 2, an extent is 5 generally recorded in a plurality of physically
contiguous sectors. Specifically, the extent is recorded in a file
recording area for storing an AV streamfile in the STREAM directory area.
The | ogi cal address of each extent can be known from each allocation

descr i pt o, dRgudled, | it hefid g ety y Al N8 SAB) {11 go1 ecori ngs ar ea.

[ 0106] 19 is a sc I'c” di agram show ng an arrangenment of

extents dﬂelﬁl rﬂgflsuﬂféﬂn 1963MPLe @!@OY@1éﬂeﬁ{:§r v18crafn A stdeam file
1900 is divided int hree extents 1901A 9013, 15 and 1901C recorded on

the track @lAs AsyShoned Rrifdde ad8oaeacipat) thre sextigats pb80idedodisd

continuously arranged, but different extents 1901A-C are not conti guously

arranged,piidtgenana e ACQ®od Nalhe TReamloassknephayisgzbackevegdensppges
fromthe extents 1901A-C needs the physical arrangenent of the extents 20
190145 C tamcsattes Dpppuedet eaahngde contlf & + ansnoP1 Gfd Asy empaetaadfans Al
shown in FIG 19 indicates a playback path. As the arrows A show, when

vi deo | magesomyr eepliapethbackallpmidiel 34 str eampgrlma 900 dect decedeent s
1901A, 1901B, and 1901C 25 are sequentially read by the playback device
102. | n t1E&7 r Sadiengropkel &t die TBElF0Y sttlexMBni8 A0 1ieh &3 BeéA. . r&ad to its

the DPB 1805 may be separated in different memory devices. The
TB 1801 stores the TS packets received from the PID filter 1840
10 as they are. The MB 1802 stores PES packets reconstructed from
the TS packets stored in the TB 1801. Note that when the TS
packets are transferred from the TB 1801 to the MB 1802, the
TS header is removed from each TS packet. The EB 1803 extracts
an encoded video access unit from the PES packets and stores
15 the extracted encoded video access unit therein. The video
accesg unit includes compressed pictures, i.e., I picture, B
picture, and P picture. Note that when data is transferred from
the MB 1802 to the EB 1803, the PES header is removed from each
PES packet. The compressed video decoder 1804 decodes each video
20 access unit in the MB 1802 at the time of the DTS shown by the
original TS packet. Herein, the compressed video decodexr 1804
changes a decoding scheme in accordance with the compression
encoding formats, e.g., MPEG-2, MPEG4AVC, and VCi, and the
stream attribute of the compressed pictures stored in the video
25 accesg unit. The compressed video decoder 1804 further
transfers the decoded pictures, i.e., video data of a frame or

a field, to the DPB 1805. The DPB 1805 temporarily stores the
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end EA, and at that tinme, the BD-ROM drive needs to tenporarily stop the
readi ng operation by the optical pickup, then increasing the revolving
speed of the BD-ROM di sc 101 to quickly nove the head TB of the second
extent 1901B to the |ocation of the optical pickup. These operations of
causing the optical 5 pickup to suspend the readi ng operation and then
position the optical pickup over the next area to be read during the

suspensi o .oz:lfgdg%g’égggﬁggac a1l de'c}é@lngr L HiGeuh? o\%hoi“gﬁﬁie_@ﬁ{:é?nﬂ’lell and

J2 intheP show a périod”in ich a junp occurs.

10[ 0108] .ompressHHTRS dhchudedR t hack FURBrandoacheCaScHEE® pide @tk tion to
the operation of 1ncreasing or decreasing the revol ving speed of the BB ROV

di sc 101.o acK 1hUARS THie 18R8N, athonsowf oMy EQgthie wpttsaleapiickiptha a
radius direction of the disc. Focus junps 15 are operations of noving the

focus posidd Pﬁcﬁ:t&e@pﬁﬂl@@tzﬁ ?kﬂﬁaﬂzoﬁim plecer déngry ayeso ta eheot her
when t he BD- disc 101 is a nulti-layer disc. These types of junps

gener gl | v igaser longerrseglovrd ey atte aotagges]l nigrhscioét sect or s ski pped in
readi ng processes, thus referred to as "long junps”. During a 20 junp
period, timosoptical pickup stops the reading operation. During the junp
periods J1 and J2 shown in FIG 19, data is not read fromthe correspondi ng
portions Gl anthés:egrordeerit vAcleGeacdees 38t valsy th¥hgamengthuetutSporti on
ski pped in a reading process during a junp period such as the _portions Gl
and @ | 225heaprédaayjuideaidsicades 1808p BRstsarEiane Vidser aEF99eXpr essed
by the nunber of sectors included in skipped portions. Along ju IS

speci ficaldil d@'frisﬁe@eg@dgsjﬁ]}ﬁﬂm@c?gw%pgpa?ﬁ%ondary vide® stream
| 10 received from the PID filter 1840, into uncompressed pictures.
subsequently, the secondary video decoder 1871 writes the
resultant uncompressed pictures into the secondary video plane
memory 1891 at the time of the PTS shown by the TS packet.
[0096]
15 The PG decoder 1872 decodeg the TS packets received from
the PID filter 1840 into uncompressed graphics data, and writes
the resultant uncompressed graphics data to the PG plane 1892
at the time of the PTS shown by the TS packet.
[0097]
20 The IG decoder 1873 decodes the TS packets received from
the PID filter 1840 into uncompressed graphics data, and writes
the resultant uncompressed graphics data to the IG plane 1893
at the time of the PTS shown by the TS packet.
[0098]
25 The primary audio decoder 1874 first stores the TS packets
received from the PID filter 1840 into a buffer provided therein.

Subsequently, the primary audioc decoder 1874 removes the TS
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exceeds a predeterm ned threshold val ue. For exanple, the BD ROM standards
specify that the threshold value is to be 40,000 sectors in accordance with
the type of the disc 101 and the reading capability of an optical disc
drive. 5[0109] During a junp period, the disc drive cannot read data
fromthe BD-ROM di sc 101. Thus, seam essly playing back video i nages from
the AV streamfile 1900 needs a physical arrangenent of the extents on the
disc 101 to _be desi gned.i u e the Wdecodasrek603 to
cont i nueP§886di Ai% ep?gsi %?%ge?hggﬁ‘gcéﬁég %IQ eoélg%\% a duri ng junp peri ods.

[0110] | G 520, kG tdl mshaw-ag sthe anogaasora hannel
for convgppicgegc%%e%t#‘%s%nz%m i ggFga%gt;?omthgrBDsRO\/l 15 disc 101 into 2D

vi deo data V udi,a;dakacAR-r s 50080rt Ae k! Sucplts tiiee BRROMat ve 1601
r eads antI%Iel B%?E%a gﬁlﬁégf ?%%tﬁg BDRO\/Iéi sc 101 %nd then stores the All

stream faiulgﬁcj ALe .t he dikad Bubf Rixd60239Tha syst einé sehedBTOHIEOWE03
reads the streamfile fromthe read buffer 1602 and then decodes the

Al sireap 20,4 Leibnhen virdegadater VirgadpatinhoydataiADdedednr tHR74
reference”synbol Rd denotes the rate of reading data fromthe BD-ROM drive

1601 to thedpad HudeiaitiPdcrant e tied enenoepsynbed Raddo dénbt esnt he
maxi mum val ué of the data transfer rate fromthe read buffer 1602 to the
syst em t ajgeirdacaden th608e dompresshen 2neydingnicamats,0¢1%] PELP1 is a
graph showi ng a progression of the data anmount DA accunul ated i.n the read
buf fer 16625ichul My 18 PHACPTSHHD PBR candftlen SAresm @afriionés . pafi st he
first reading period Tl when extents are read fromthe BD-ROM disc 101 to
the read gattfzary 16020 téeremruniutal ededain BhOuR? PACKBEFeases at the 5
rate equal to the difference Rd - Rext between the reading rate Rud and the
aver age tf@%ler rate Rext r as shown by an arrow 2101 in FIG 21. The
average transfer rate R't is an average val ue of the data tr%nsg [Late
fromthe read Butfeecamsiry FuHe SRIKRY arkkt GdEr SEBG37-6Erng  al ways
equal to or lower than the 10 systemrate X. Note that i.he drive
1601 act vz I5he PFEEEEYr BAgH AFITAIEY & ‘Jper &Fi TR Cﬁa% aiunotleor %Egogﬁgtyl basi s.

Thus, the BD-ROM drive 1601 prevents th cumul t mu from
exceedi ngt8he 68526FFy 1 tTe PRAGSHET A r%f%ﬁég%égﬁh%uslggs?tﬁgé& ng
eriod Ti, e, , .an overfl of . the r fe ft etion
of roadi e aRT BRE o &hjeuﬁ#i él %"e?’f olfg%god 9%‘%% ‘H%éﬁ‘%%’gg‘gé? eé\hj“eﬁé\%%?l @é;“?t ent.
During the ju eriod T th eadi fr RO gH =101 is
susp dedgahﬁgg?@?ﬁ%@fng%%’ a%%éunu % e %%?%E%n%uﬁggtﬁlgg easéisﬂp;? t he
average tEﬁé‘sﬁir?éorﬁﬁ‘%gs&é&ﬁcwﬁﬁua%"@a@é{ 130 £ ALl OME 21 @A it FBGs at the

time of the PTS shown by the original TS packet. The secondary
audio decoder 1875 changes a decoding scheme of the uncomprassed
audio data in accordance with the compression encoding format,
20 e.g., Dolby Digital Plus, DTS-HD LBR, or the like and the stream

attribute, of the primary audio stream, included in the TS

packets.

[o100]

The audio mixer 1895 mixes (superimposes) the uncompressed
2b audio data outputted from the primary audio decoder 1874 and
the uncompressed audio data outputted from the secondary audio

decoder 1875 with each other. The audio mixer 1895 further
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20 21. However, if the accunul ated data anmpbunt DA has been sufficiently

i ncreased during the first reading period Ti, the accunul ated data anount
DA will not reach zero during the junp period TJ. In other words, an underf
| ow does not occur in the read buffer 1602. As soon as the second reading
period T2 for 25 the next extent starts, the accunul ated data anount DA
increases again at the rate equal to the difference of the data transfer

ovi de. | ARl ol | ' t; A603
rates, i PﬁEpVFﬁegheaaT{egsx%]b%%ﬁé caon{spi%y%,iéed ralﬁ?]l%y ghem talastnde eodeike can

provi de i huou regardl ess of the occurrence of the

junp peri QQA[%E%{%;R%%M%% iJBges qan be seanhaessly played back fromthe
) s ap

vi deo da parent fromthe above, realization of seam ess
pl ayback bggghres t he accunul ated data anmount DA to be sufficiently
increase& uring the first reading period Tl inmediately before the junp

period TJ so 5 hdiGe Rl AGEHUE b ed ddi vdiegrepti bufdaara 1602 . catlNde
continuously 10 transmitted to the systemtarget decoder 1603 even during

the period Fopwhenddheghtdp 4 SomekfionnEde Post treneaf faxirenbe PRBSTaman
result in the assurance of continuous supply of video data. In order to

suf fi ci erblagddicrease ct heosc cupnt: aited rdateptarount DAcduraplgichcdateadi ng
period Ti imrediately before the junp 15 period TJ, the size of the extent

to be aceesseflaganpdbatebyrief a0 ephrehuimtalcedsoresses hgesetPS Such
an extent size Sextent can be expressed in the follow ng equation %1):

[0113]  Q=20{ 8hd4}ritreEghe(ddaphhes deattentodie iBageantaie "e@erdskited in
:units of bytes. The junp tinme Tjunp rggresents the length of the junp
: at the time of the PTS thereof.

10 {0102]
<Physical Arrangement of AV Stream File for 2D Video on Disc>
[0103]

Next, a physical arrangement of AV stream files for 2D
video images when being stored onto the BD-ROM disc 101 will

15 be described below. The arrangement allows the 2D video images
to be seamlessly played back. Here, seamless playback means that
video images and sounds are played back smoothly and
continuously from AV stream files.

[0104]

20 AV stream files are recorded on the BD-ROM disc 101 as data
sequences with consecutive logical addresses. Here, logical
addresses are substantially equivalent to physical addresses
on the disc, as described above. Accordingly, when logical
addresses are consecutive, the corresponding physical

25 addresses can be considered substantially consecutive as well.

In other words, the pickup of the disc drive can read data having

consecutive logical addresses without seek processes.
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period TJ in units of seconds. The reading rate Rd represents the rate of
reading data fromthe BD-ROM disc 101 to the read 25 buffer 1602 in bits
per second. The transfer rate Rext represents the average rate of
transferring a portion of the AV streamfile contained in the extent from
the read buffer 1602 to the systemtarget decoder 1603 in bits per second.
Dividing the right-hand side of Eq. 1 by the nunber "8" is for converting

the unit “?:ggg#éche eé%.r? NHe$kd B PextenkafL %@q?!etn%eté)h§¥iﬁ§ .coH duticid on

CHI LD rep Te operation to round up actional nunbers after the

doci ml RAGNLAA e LakLUe 1bn hBe sRACRRIgs as1 S N um extent sizel means,
her ei naf em ni munval ue of the extent size S extent expressed by the

right- haq %lqe of Eq. (1). 10[0115] More specifically, the above-mentioned
transfer rate’'R - ext is determned by the foll ow ng expression: ((the

nunber of sourge packeitmEONAlnesos® shewaxtientFrcx (fhemuntemofibytes
per source packet - 192) x 81 / (extent ATCtine). Here, the 15 "extent ATC

ti me"s r epyesens i he danges of n t hepALSa1appede iy itdeel 150 ureet puekes s
contalne in the extent in the value of ATC. Specifically, the extent ATC
tine is defdded bysgetifecaklipd thonmekhenATS of rekorfiedstizoar cklpacket in

the extent to the
recording area for storing an AV stream file in the STREAM
directory area. The logical address of each extent can be known
from each allocation descriptor recorded in the file entry of
10 the same file recording area.
[01086]

FIG. 19 is a schematic diagram showing an arrangement of
extents on the disc 101. In an example shown in FIG. 19, an AV
stream file 1900 is divided into three extents 1%01A, 1901B,

15 and 1901C recorded on the track 201A. As shown in FIG. 19, each
of the extents 1901A-C is continuously arranged, but different
extents 1901A-C are not contiguously arranged, in general.
Accordingly, seamlessly playing back video images from the
extents 1901A-C needs the physical arrangement of the extents

20 1901A-C to satisfy predetermined conditions.

[0107]

A group of arrows Al shown in FIG. 19 indicates a playback
path. As the arrows Al show, when video images are played back
from the AV stream file 1900, the extents 19014, 1901B, and 1901C

25 are sequentially read by the playback device 102. In this
reading operation, the first extent 1901A has been read to its

end EA, and at that time, the BD-ROM drive needs to temporarily

b7



ATS of the first source packet in the next extent. Accordingly, 20 the
extent ATCtinme is equal to the time required to transfer all the data
contained in the extent fromthe read buffer 1602 to the systemtarget
decoder 1603. It may be specified that the size of each extent is to be a
uni form val ue equal to the source packet length nmultiplied by a constant
factor in order to 25 correctly calculate the extent ATC tine. Wen an

extent coptai a lLargar hughel. pf csousse packebsithan phekepnstanrin factor,
the ext eRt°RT s??né%%?ﬁfﬁg ggte%t ﬁay 6% estina%ed to be the val ue

obt ai ned, £.01 1100, 00 8 XRLESSHEUY oft Hiee SXCcaEM Ausban ofospurdd.packet s)
- X (the t%§§§%§§1%§§% per gourcggﬁ%cket) + (the extent ATC tinme of an extent

cont ai ni pg. souy,ce, Hackes s regHal sddonanberedn ltdva rconsthat 1 daat boi) of
Alternatively, the extent 5 ATC tinme may be defined as the value equal to

the sum @f .t RetiranshekiipTe Thek s eeta tiatieto anthustiand éigt ewfiadie from
the ATS of the first source packet of the extent to the ATS of the |ast
source pagkeiotot bessane d entadilmy tipieyatdses ardetbancubat Fondihe he
extent ATC time can be sinplified since it 10 does not need to reference
the next gpetienll. pbieup haverheclpossebtl idneaf ta WeapteddndUH Nohe X Ss
needs to be taken into account in the above-nentioned calculation. [0116
On the othgippdranitdn the fehetredi zo ofs tthe 1ead” bufPeF 18602 A5 T@3TTFcts the
maxi mnum val ue of the junp time Tjum, allowable for . .
portions J1 and J2 in the playback path each show a period in

which a jump occurs.
10 [0108]

Jumps include a track jump and a focus jump, in additiomn
to the operation of increasing or decreasing the revolving speed
of the BD-ROM disc 101. Track jumps are operations of moving
the optical pickup in a radius direction of the disc. Focus jumps

15 are operations of moving the focus position of the optical
pickup from one recording layer to another when the BD-ROM disc
101 is a multi-layer disc. These types of jumps generally cause
longer seek time and a larger number of sectors skipped in
reading processes, thus referred to as “long jumps”. During a
20 jump period, the optical pickup Stops the reading operation.
During the jump periods J1 and J2 shown in FIG. 19, data is not
read from the corresponding portions Gl and G2 on the track 2014,
respectively. The length of a portion skipped in a reading
process during a jump period such as the portions Gl and G2 is
25 called a jump distance. Jump distances are generally expressed
by the number of sectors included in skipped portions. A long

jump is specifically defined as a jump whose jump distance
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seanl ess playback. That is, even if the accumul ated data anmount DA reached
the full capacity of the read buffer 1602, an excessively long junp tinme
Timor, due to an excessively long junp distance to the next extent would
cause the accunul ated data 20 anmobunt DA to reach zero during the junp
period TJ, and accordingly, depletion of the data accunulated in the read
buffgg.1602.dln this case, the systemtarget decoder 1603 woul d stop
provi di ng_vi dat a nd _t her ef.or, %ﬁm bagk..c
aghieved%XQQ§ ?Zﬁn?ﬁﬁpeg?ﬁ%l?génﬁ%ﬁ%§ &@iﬁggig%'hgégi%%%ﬁgggatﬁgh?ength
of time WL dMad Ar:{?}% t at.3.ampuat A ARt easecd g the
full capgklty.oft%%e Hgghqﬁﬁ ef?lggigt% %ero whi | e dafg'supply to the read
but f er 1907 ode? s%g%e%%dﬁﬂiaéé@é?éﬁ etm;f&r%ém?%é%yec@ dihe hgnpabdne
dwabl e

Tpuurp al e for seanl ess playback. [0117] neral standards of optical
di scs predgl erdi 8}y ®ability of an optical disc drive.

5 [0109]

During a jump period, the disc drive cannot read data from
- the BD-ROM disc 101. Thus, seamlessly playing back video imagés
from the AV stream file 1900 needs a physical arrangement of
the extents on the disc 101 to be designed in such a manner to
10 allow the decoder 1603 to continue decoding and providing the
decoded video data during jump periods.
[0110]
FIG. 20 is a schematic diagram showing the processing
channel for converting an AV stream file read from the BD-ROM
15 disc 101 into 2D video data VD and audio data AD. As shown in
FIG. 20, the BD-ROM drive 1601 reads an AV stream file from the
BD-ROM disc 101 and then stores the AV stream file into the read
buffer 1602. The system target decoder 1603 reads the AV stream
file from the read buffer 1602 and then decodes the AV stream
20 file intc video data VD and audio data AD. Here, the reference
symbol Ry denotes the rate of reading data from the BD-ROM drive
1601 to the read buffer 1602, and the reference symbol Rpax
denotes the maximum value of the data transfer rate from the
read buffer 1602 to the system target decoder 1603, i.e., the
25 system rate.
[0111]

FIG. 21 is a graph showing a progression of the data amount
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5 relationship between junp distances and junp tines by using the access
speed of a disc drive and the like. FIG 22 shows an exanple of the
rel ati onshi p between junp di stances Sjutup and junp times Tjunp specified
for BDDROMdiscs . In FIG 22, junp distances Siunp are represented in
units of sectors. Here, 1 sector - 2048 10 bytes. As shown in FIG 22, when
junp distances fall within the range of 0-10000 sectors, the range of
10001- 20000 sectors, the range of 004=400 eqt,QL sy LhefaRge 1¢f, 40001
sectors DA;F?@W&E@? dﬁ’datt e rr%ancgcelmg%fiflgeg?rg glglg Fokger . the
correspondi ng ] ug’p ti Sg%&a%f‘a@if@?cmu?ﬂ? NBES £ Sl MReGi PQela Jwec, and
9p8 t e y. e 1

1400 nseBETF m AT hum extent sizes are cal culated according

to the Se‘gc%ﬂéﬁa%kgg???%{@o? e Grdd c RUEDIeOPEEsct he1 AV Stnearmdd l e is

divided into a plura extents and arranged on the BD-ROM di sc 101 in

accor dan i.t h i [ M b scatlGhd s such
a 20 di s%jaf\féﬂﬁgef éﬁewg?ﬁgbﬁéﬁ%ﬁ ﬁgg‘% g%ﬁggﬁh%%\?%e 102 conplies with

the speciticalion)showhd AiFEGredde kieraby, MRith@abktet peadingessiy pl ay
back video 1mages fromthe BD-ROM disc 101. [0118] Wen the BD-ROM di sc 101

is a mil & - Layerndisfeaiyt ardhgreeordtBgrlayels bhole beath asrowi2ided to
anot her | ayer, 350 nsec 1s needed for operations such as a focus junp to

switch | ayeksa. n2addirhé civd tadgdecarmgEdr math Rap. dpeshnf dedrage Rfa@ u?2.
This length of tine is hereinafter referred to as |ayer switching tine.
Wien t herg tBe @dtayerahofedarat hérnmarhe weadivenfer L6 0Bt e shsctYR sl v
read, the m ninum extent size accordingly needs to be determ ned based on
" the sum afardes jdempdert L6 3T] bepngorRlesyengdng Lt 50t AE Lawprdrs&antse Spl ui p
between the two extents and the |ayer switching tinme. [0119] The
maxi DUm jeymreti stare eRS-unplorex Wt espen8Pn§oMo dHe e Mun? ¢ ErpLiY me
Tn,,,_,,,", is determned fromthe specification 10 in FIG 22 and the
| ayer switagsaiy rieadingdtrexsfsiteoPrabeh 188SuPR AP RACTTHE HeRk AT ump time
Tiunp_maxi s 700 nmsec, the maxi mum junp di stance 1/10 strgk (a%%roxiérrately
1.2 CB) &Mths40bbe Bed SriuppraPd REEEFPLFE e REFURPLRGE ‘%’r’oa PH™5 | ayer
boundary between two consecutive extents, respectjvel 1 [16 2 . When
vi deo i mife rame SFCEPEd BatRef F%H?F%Yd?ﬁ%?%rﬁea;év\f’éﬁfee&mﬁ ?)I:Eeglllrﬁn?he
order in a playback path, seam._essly connectin he vi ' ayed
back frorﬁ@%@%%sfziqee%djr%ﬁ??égd{ﬁe' %'[La?t' o4 gﬁFggﬁot%h%f g?%vfn%%ggﬁf:’?é and the
top ?5“ en£602 . After completion of reading an extent, a jump is performed
to the head of the next extent. During the jump period TJ, the
reading of data from the BD-ROM disc 101 1is suspended.
Accordingly, the accumulated data amount DA decreases at the
average transfer rate Rexe, as shown by an arrow 2102 in FIG.

20 21. However, if the accumulated data amount DA has been
sufficiently increased during the first reading period T1, the
accumulated data amount DA will not reach zero during the jump
period TJ. In other words, an underflow does not occur in the
read buffer 1602. As soon as the second reading period T2 for

25 the next extent starts, the accumulated data amount DA increases

again at the rate equal to the difference of the data transfer

rates, i.e., Rug - Rext- As a result, the system target decoder
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20 of the next file to satisfy the follow ng conditions. First, the |ast
extent needs to have a size equal to or larger than the m ninum extent size
cal cul at ed based on the junp distance to the top extent. Next, the junp

di stance needs to be equal to or shorter than the maxi mum junp distance
Sjurapjm.. 25[0121] FIG 23 is a schematic diagram show ng an

exanpl e arrangenent of extents when video is continuously played back from
three di hf@nesin ACSHRAMEI+E5ed Bakll FonBehebhs g, e dar@led® od fHayl i st
file 2300 includes three pieces of playiteminformation (PI#1-3) 2301-2303.
These pi eresir@lerlcaist @Md g Rid AP 3. 2803 speridy idigeantdaethes of
the three 5 different AV streamfiles 2311-2313, respectively, as a

pl ayback seeetlie@s1vThe ahid® 9a2d3d ikl T ey eridias dittd nto extents 2321A, _
2321B, 2322A, 2322B, and 2323 and recorded on the track 201A of the BD ROM
di sc 101l.[olinz]he recording area for storing the first file 2311, the top
extent 2321A is designed to have 10 a size equal to-or larger than the

- m ni num ext entAssiize apgdaodrat etk drasde: abavg unmeall statnom GIE teramke$ast
extent 2321B. On the other hand, the | ast extent 2321B is designed to have
a size egualydesior regugeest halre t eoimilatakexdene sipeurhl AN ated Based on
a junp distance G to the top extent 2322A of the second file 15 2312.

Fur t her nowe fitcheerjtinyp Hheremeed Glurdngettht Bivar ugeadingxReediaty The

maxi mum j unp di stance Sjunp_nmax. Simlarly, in the recording area for
storing tivmesEasirdyf i befoze2 thee JiEp cREERPI2IDL 58 d‘etﬁbngﬁ‘et htFe a
size equal to or larger than the m nimum extent size_ calcul ated based on a

junp di sEEREERESS 280t Hd'§ aZeaBx ML 9823892 hePT adf eXPRIT9395H| s
designed to have a size ual to or |ar eé th&n tt}sg))am ni_nu extené si ze

cal clf at S G 49 GAF BYSESMCEREIET FRIRATor aa SRET2995A7g! CPRe ¢ hi rd
file 2313; d i i st . A i t_at I £ di th
it o JHERLGH SUa e hn TS b e e e ot M o ERRES ‘s backs
0123 PLayb t hod f : i i - h

L0123] | g regoe i RSB RRER.L oF BRRRREne Midee, e vioudnteo

t echni I L ' tyre,Af th
echni que,, %’}%[ehfgkgggggrfg%gggeﬁgg#%é%% a[cQ]Ju%l O%&B&fed&%a Yheuht the

nmet hods Usi ng nfque 1s to a W a viewer to percelve

obj ect s iﬂhvci‘%gﬁﬁstﬁ regs %ﬁ%;}%?ﬂ@é BY %Mé&QaEQgYVBQ%ié 8h¥l ﬁuab

per ception su trally t information as optical informatfion
provijged Jo- MU}, REILNtION Ok HaurRR HRI RESHBY aaekHBkdORIAEHSately
before the jump needs to be large enough. Such an extent size
Sextent Can be expressed in the following equation (1):
[0113]

R
S >CEIL %mexT ud

d_

2 max . (1)

exten

20 [0114]

In Eq. (1), the extent size Sextent 18 represented in units
of bytes. The jump time Tyump represents the length of the jump
period TJ in units of seconds. The reading rate Ry represents
the rate of reading data from the BD-ROM disc 101 to the read

25 buffer 1602 in bits per second. The transfer rate Re represents
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10 However, although a technical theory for utilizing these nethods for
nmovi ng vi deo di splay has been established, it is extrenely difficult to
realize, according to the present technol ogy, a conputer that is capable of
real -time processing of an enornous anount of calculation required for the
nmovi ng 15 video display and a display device having super-high resol ution
of several thousand lines per 1 nm Accordingly, there is hardly any idea

of when theseveebhads; canrbersigatizedndQl pePMBAG AkndSRy [-0:aal £20On the
ot her hand, the féature of the methods using parallax inmages is as follows.

For one sefiesinvddlee tRBUSsd rirhe thghte Y Bu@ifed VEE¥aIo @RE ¥{gE€omi Mages
for the left eye of the viewer are separately generated. Subsequently, each
vi deo i magerdst pleaynae rbagka tian bl t ewaankycbha . ol v B3 pendihkgr tyet ohahde 25
viewer to recognize the inage, thereby allow ng the viewer to recogni ze the
scene as sihdeeflimensi bpathe [DIR6}r 287 is fdrCoon2AAti243th24Cnareof
schematic diagrans illustrating the principle of playing back 3D video

i mges (stles eostopi ©ivied8obdrafes) lactorih y tiess .a Tinet fivdctsbngCPakal | ax

i mges. FIG 24A shows, fromthe above, when a viewer 251 is looking at a 5
cube 252 pipweskiis fatenppefrathenviewsrund dadgaduiGna4Bughews afieeput er
appearance of the cube 252 as perceived by a left eye 251L of the viewer
251. Fl GtixaGlshguws! theivutel dHppearhpreeldf thhepreupetRgsess pYéieenved by a
ri ght eye 251R of the viewer 25A. As is clear fromconparing FIG 243 and
FI G 24C etrnbgtér” IEapbeBraReBILERPTY HR BRI Rl YR PELRRE¥ B Ehe eyes
are slightly different. The difference of the oQuter appearances, i.e. , the
“par al | ax §1 %% Se<tonsSHeEESFRNSTY 251 t 61 9REoliARdeStHR @ b§q25§1 s

t hree-di nensj onal . Thus, according to a nmethod using parallax inmages,
firsﬁ? twe’ Hheiges with different vi ewpoi nts 15 are prepared for one scene.

F le, for th 252 placed_in front of the f f the yi 251
e shown i n FIRTSIRSANG b CHRGBROHF{RoBF FPBr B SIEoPAe, Terg.

FI G . 243 apd. 24C. ar repared. -Here, the difference ween 1 h
viewpoint%sicge & e%%?ﬁegybg%Fh%ﬂ&%gﬁq%%<é%%ﬁ?%)léﬁ&e@?g%%rgag%?ghﬁgt, each

20 vi deo | [ h giﬂggg[ f th

Vi e://vler e(2)5 @%g%?%ccgéle\?%se%gﬁ%gﬁggq%%n%)% ael}%t%\g&gv)l g(vvg?flé reco% g getghe ©

scene pl fg@ﬂ@&ﬁkc@kéég@etsc_f ) b &) tR& WAL TITRIGLY\, HReeCURRL252 as
nsi onal . e

t hree-di scri bed above, "unli ke the nmethods using the

hol ogkaphy.fechnigue . ibhe PeLhodsn2s Ust NGhRA! ald aXe VAEYS Gy advant age
of requiring video images frommere two vi ewpoints. Hereinafter, video

i mages fofné hddefd payReBECcoRiLIHEd MO tas ekebht Virdenel FRULS oonTel ef t
views", and video Images for the right eye are referred to as "right video

i mages" ogpécightaVienwsthe Addidritonald yimel deodéphges hnal wdimegpkleodi deo
imges for the left eye and the video images for the right eye are referred
to as "3XEwoderhd MMEOE the first source packet in the extent to the
ATS of the first source packet in the next extent. Accordingly,
20 the extent ATC time is equal to the time reguired to transfer
all the data contained in the extent from the read buffer 1602
to the system target decoder 1603. It may be specified that the
size of each extent is to be a2 uniform value equal to the source
packet length multiplied by a constant factor in order to
25 correctly calculate the extent ATC time. When an extent contains

a larger number of source packets than the constant factor, the

extent ATC time of the extent may be estimated to be the value
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5[ 0127] The nethods using parallax views are further classified into
several nethods fromthe standpoint of how to show video i nages for the
right or left eye to the corresponding eye of the viewer. 10[0128]

One of these methods is called alternate-frame sequencing. According to
this method, right video images and |l eft video imges are alternately

di spl ayed on a screen for a predetermned tine, and the viewer observes the

screen USiii B85 995000 Oy 0l 839 08Ut LD: Boh | Mflo oLaL SBHLLETor Her ol 1.

t he | enses ereoscopi c sse th a liqurd cryst utter (also

referred 49,45 Eﬁ%;"lfttg’ ql RSRES Dard £ £AGKIBES Qéu@céiﬁaé&nq?ge'(thg he

| enses pass or 1ght 1n auniformand alternate manner

~synchr oni zatd,on Mbd h Mided ipge st chintgieanthecseteeBacRBchatuks, each
| ens functions as a shutter that periodically blocks an eye of the viewer.

More specid igatbesr cMidie adn@ftand 'Qg@tio@gepil.%e@hélﬁ'i@bé@%,OEhbh@x’ééﬁ@en, the
shutter glasses nake the left-side lens to transmt |ight and the

ri ght shandrsihand ansy Moodedirght adWHee vanud ghfuadl deo theagem sfdtrpl ayed
on 25 the screen, as contrary to the above, the shutter glasses nmake the
right-si dergphessr triarspet sdghte aactkdieahaf thsildamdansfbt ok flvicghtheAs a
result, the eyes of the viewer see afterinmages of the right and left video
i mges, wighfat&eoférkai sourtd mackeptdfertheandtpetcedvigha 28tk dgoshepi c
video image. [0129] According to the alternate-frane sequencing, as

descri bedl&stabevercei gleckeid ¢£f thei dead neglesntr eIal tdvisatedse di Spkayed in
a predeterm ned cycle. Thus, for exanple, when 24 video franes are,

di-spl ayedcperukzeomd dlorthsl &yitegtbaK Bimerpak D sivEld fiegl wilaes fEames in
total for both right and | eft eyes need to be displayed for a 3D novie.
Accortfli ngi95s andFspraf FO desfeeen®t eths o€k IS cut RWFREF n§REf t he
screen is preferred for this nethod. [0130] Another. nmethod uses a

| enti cul @&°FeHRI1HEE R UPNYTEBAFRPEI B e AL SS GRESS BRI TAFETaRdt] | ef t

video frane are . .
account in the above-mentioned calculation.

[0116]
On the other hand, the finite size of the read buffer 1602
15 restricts the maximum value of the jump time Ty allowable for
seamles3'p1ayback. That is, even if the accumulated data amount
DA reached the full capacity of the read buffer 1602, an
excessively long jump time Tiug due to an excessively long jump
distance to the next extent would cause the accumulated data
20 amount DA to reach zero during the jump period TJ, and
accordingly, depletion of the data accumulated in the read
buffer 1602. In this case, the system target decoder 1603 would
stop providing wvideo data, and therefore seamless playback
could not be achieved. “Maximum Jjump time Tjump max” means,
25 hereinafter, the length of time required for the accumulated
data amount DA to decrease from the full capacity of the read

buffer 1602 to zero while data supply to the read buffer 1602
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15 respectively divided into reed-shaped small and narrow areas whose
|l ongitudinal sides lie in the vertical direction of the screen. In the
screen, the small areas of the right video frame and the snmall areas of the
|l eft video frame. are alternately arranged in the | andscape direction of the
screen and di spl ayed 20 at the sane tine. Herein, the surface of the screen
Is covered by a lenticular lens. The lenticular lens is a sheet-shaped | ens

ConSt Lt VSRR LeLe 21 £ NGRS DUl Gah 0800 2Nehd Pl 0 RAGKES

Ien?es. qfc acked Tens lies in t ongi t udi na rection oh the
surface t | he | ef d righ I d
1t CEreg]__ \QEP@SSZ M BNRL, sees the left an ght video
frames throé%ﬁd?he enf%cu ar Igﬁs, only the viewer' s |eft eye perceives
| i ght froqhhhq di splay areas of the left video frame, and only the viewer'
t

s 70 right eye perceives light fromthe display areas of the right video
frame. This i sdipwdihesvigieEasees aop vareai saBg@dddundhe par athax

bet ween the video i nages respectively perceived by the left and right eyes.

Not e §hatrSepoishdigig Betheenmplim®distances and jump times by using the

access speed of a disc drive and the like. FIG. 22 shows an

example of the relationship between jump distances S;ump and jump

times Tjump specified for BD-ROM discs. In FIG. 22, jump distances

Siump are represented in units of sectors. Here, 1 sector = 2048

10 bytes. As shown in FIG. 22, when jump distances fall within the

range of 0-10000 sectors, the range of 10001-20000 sectors, the

range of 20001-40000 sectors, the range of 40001 sectors - 1/10

stroke, and the range of 1/10 stroke or longer, the

corresponding jump times are 250 msec, 300 msec, 350 msec, 700

15 msec, and 1400 msec, respectively. The minimum extent sizes are

calculated according to the specification shown in FIG. 22.

Furthermore, the AV stream file is divided into a plurality of

extents and arranged on the BD-ROM disc 101 in accordance with

the minimum extent sizes. When the BD-ROM disc 101 is such a

20 disc, the BD-ROM drive 1601 of the playback device 102 complies

with the specification shown in FIG. 22, thereby being able to

seamlessly play back video images from the BD-ROM disc 101.
[0118]

When the BD-ROM disc 101 is a multi-layer disc and a

25 recording layer to be read is switched to another layer, 350

msec is needed for operations such as a focus jump to switch

layers in addition to the jump time Tyjump specified in FIG. 22,
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5 anot her optical conmponent having simlar functions, such as a liquid
crystal device may be used instead of the lenticular lens. Alternatively,
for exanple, a longitudinal polarization filter nay be provided in the

di splay areas of the left image frame, and a lateral polarization filter
may be provided in the display 10 areas of the right inmage franme. In this
case, viewers sees the display through pol arization gl asses. Herein, for

t he pol arj.zat i S , ongi twdi i j i i i ded
for The ISRE | SRadt A0S £t A D RO e e | e ey o the

right leng,; Consgouen %hxf%éﬁ £heht and g afdyeld Y daes +HBgeswads two

respectively perceive by the correspondi ng eyes, thereby allow ng the

Vi ever tQ.reGagni 28 BeSierRRIeRRve1 degad Mmate MAk3Hur Htaybackiget hod
for stereoscopic video with use of the 20 parallax i nages has al ready been

t echni calddesisial)isheddandoite Hrceengirla HS8ef0sn ally aahi ®PSHeNjampsement
parks and the |iKe.” Accordingly, anong playback nethods for stereoscopic

vi deos t hisndretjodcbsrespshdengdeborhe Phmsedistandgs &L bkthesnchnkd use.
Thus, in the enbodi nents of the present invention 25 in the follow ng, the

al t er nat exvid afve- sretpientd ntheel desk cewi hehimed hotmesi ng pol ari zati on gl asses
are assuned to be used. However, as a playback nethod for stereoscopic

- video, vardxues) nethods such as a two-col or separation nethod have been
proposed. Any of these various nethods can be applicable to the present -

The maximum jump distance Sjump max corresponding to the
maximum jump time Tsump mex 15 determined from the specification

10 in FIG. 22 and the layer switching time. For example, when
assuming that the maximum jump time Tyuywp mex 18 700 msec, the
maximum jump distance Sjump max is 1/10 stroke (approximately 1.2
GB) and 40000 sectors (approximately 78.1 MB) without and with
a layer boundary between two consecutive extents, respectively.

15  [0120]

When video images are played back from two different AV
stream files in the oxder in a playback path, seamlessly
connecting the video images played back from these files
requires the last extent of the previous £ile and the top extent

20 of the next file to satisfy the following conditions. First,
the last extent needs to have a size equal to or larger than
the minimum extent size calculated based on the jump distance
to the top extent. Next, the jump distance needs to be equal
to or shorter than the maximum jump distance Sjump max-

25  [0121]

FIG. 23 is a schematic diagram showing an example

arrangement of extents when video is continuously played back
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invention, as is the case with the two nmethods described below, as long as
parallax views are used. 5[0132] <Data Structure for 3D Video on BD- ROM
Di sc> [0133] Next, regarding the BD-ROM disc that is the recording
medi um pertaining to the first enbodi nent of the present 10 invention, the
data structure for storing 3D video images will be described bel ow. Here,
basic parts of the data structure are identical with those of the data

struct ur%ro%tﬁ%@% ks G ) i d % éE@?@éﬁ £ IMU £ R Nl SuSROWR fetAHkfg t-Hi.

Accordi ngly, oW ng w mai nl'y descri be expanded or changed

portions \gl thr stl%{petggogagﬁcgha@@t Whe-deopitdte LR vigeoyi tages, and
t he descrl ption above is applied for the basic parts. Note that a playback

devi ce thalrsamblay bagkise)elds@Dadigeo imRges fierma BB ROMgi semhavi ng
stored therein 3D video images is referred to as a "2D pl ayback device",

and a pl aylrsdeadcetat2ten 2epldybatie bohhi PE: védeofi nagestlanee 3D
video images fromthe sane is referred to as a "2D/ 3D pl ayback device".
[0134§ Adilrgdeart | dentsiydary e opl agback2desi ceraspettitesly, 2Bspl ayback
device or a 2D/ 3D pl ayback device is set to a reserved 25 SPRM shown in
FIG 17. Fayiemanpkeeriassuliee thidtes B 1SPRUILE2ayecidivided [lago ¢ntents case,
when the SPRM (24) is "0", the playback device is a 2D pl ayback device, and
when t he 23PRML,( 28R1Bs 23223, t 2 B ayat kR 3@8vRod :r%cgr@@ﬁm phgybagkrkdevi ce.

201A of the BD-ROM disc 101. In the recording area for storing
the first file 2311, the top extent 2321A is designed to have
10 asize equal to or larger than the minimum extent size calculated
based on a jump distance Gl to the last extent 2321B. On the
other hand, the last extent 2321B is designed to have a size
equal to or larger than the minimum extent size calculated based
on a jump distance G2 to the top extent 2322A of the second file
15 2312. Furthermore, the jump distance G1 is set at a value not
exceeding the maximum jump distance Sjump max. Similarly, in the
recording area for storing the second file 2312, the top extent
2322 is designed to have a size equal tc or larger than the
minimum extent size calculated based on a jump distance G2 to
20 the last extent 2322B; the last extent 2322B is designed to have
a size equal to or larger than the minimum extent size calculated
based on a jump distance G4 to the top extent 23224 of the third
file 2313; and the jump distance G4 is set at a value not
exceeding the maximum jump distance Sjump max-
25 [0122]
<Principle of 3D Video Playback:>

[0123]
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[0135] cclndex File/ Movie Qhject File" [0136] 5FIG 25 is a schematic

di agram showi ng rel ati ons anong an index table 310, a novie object WO, a
BD-J object BDJO and playlist files 2501 and 2502. In the BD-ROM di sc 101
that stores therein 3D video inmages, the PLAYLIST directory includes the 3D
playlist file 2502 in addition to the 2D playlist file 2501. 10 As is the
case with the playlist file 204A, the 2D playlist file 2501 specifies a

pl ayback pathﬁ{ai%lgc\{{ deg. ,ARges. ¢ Fal i vhen Vﬁi%kg L-Ahgp15e) ect ed

by a user operati‘on, the novie object assocl at e an rtem"title 1"

of the i -abl e 31Q.1.s cu rekn, the novig-pbigct M—'ﬁ%isaa
program ;&g"rad)%zf'tl eﬁ ag}'?lltsot gﬁ’gybggge?%'ﬁghs’es&oﬁe of t%e 213 TLpl)l ayTist file

2501 and e, @y ldestndilde 2502 rdiendia +£E1 02 mddegccor dance
with the rmvige%%ggjllect NVO,lC#Lf‘er'st judrrgl:]es whet her ﬂ%ypl ayback device 102

supports [y3xgideo playback or not, and if judging affirmatively, further
j udges whet her the user has 20 selected the 3D video playback or not. The

pl aybgick devi gl BRathea setrehfethdifaenhdatioe hailiblrishe icesathn ddué he
judgment, one of the 2D playlist file 2501 and the 3D playlist file 2502 as

a playlists ficbe 801be pl ayedweacktol 0387te 268l Gb s arf | euwdkar tashow ng
.selection processing of a playlist file to be played back, the selection
processi rthree i nexeciudred. |y agtotdgnceewtikewa® snowd suabj petcdO.on| 0138]
In 52601, the playback device 102 checks the value of the SPRM (24). If the
val ue i s fibstentpraidessthdv saves it GaGo5ionf asheptalarl | sniornakiprocess
advances to 52602. 5[0139] In step 52602, the playback device 102
- causes t hraiisitayoduvdiued pegceptdpyptiajunandiningribacsaheluserst o
sel ect 2D video pla{back and 3D vi deo Elayback. |f the user selects the 2D
vi ded0 pl didyersiemvi t ALEROBERr & | BACBRIGa ke FIRPWONEPE] Wit lifeing these
methods for moving video display has been established, it is
extremely difficult to realize, according to the present
technology, a computer that is capable of real-time processing
of an enormous amount of calculation required for the moving
15 video display and a display device having super-high resolution
of several thousand lines per 1 mm. Accordingly, there is hardly
any idea of when these methods can be realized for commercial
use.
[0125]
20 On the other hand, the feature of the methods using
parallax images is as follows. For one scene, video images for
the right eye of a viewer and video images for the left eye of
the viewer are separately generated. Subsequently, each video
image is played back to allow only the corresponding eye of the
25 viewer to recognize the image, thereby allowing the viewer to

recognize the scene as three-dimensional.

[0126]
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10 I'i ke, the process advances to 52605. On the other hand, if the user

sel ects the 3D video playback, the process advances to 52603. [0140] In
52603, the playback device 102 checks whether the 15 di splay device 103
supports the 3D video playback. For exanple, if the playback device 102 is
connected with the display device 103 using the HDM format, the playback
devi ce 102 exchanges CEC nessages with the display device 103 and asks the

di spl ay devi cerHa3 whgt henpt he,ei spkay-Heh €8c 193 SR8 ddia-aing deo 20
pl ayback. If the display device 103 does not support the 3D video playback,

the process aduaRGes < @ 520051+ Yahe: aiheri fandimdded heswhsaoghayi ce 103
supports the%%% vi deo plaégggkfg?he process advancéi to 32604. [0141] 25In

52604, t ke Rlayhagks ey cn-d02y sel £eies Hdteu3hhg o IStax iheg2b02rms. t he
pl ayback target. [0142] In S2605, the playback device 102 sel ects
t he 2D plaw istiowki,| €r2a0thas abbeepl aytback traegetr. 28t esthadkimgtdt sa case,
t he pl ayback device 102 may cause the display device 103 to display the
reasoh thekdD26ldpbapkaybackroms aiditiseheeted’ s5F@t43] FTEL a4k sthdws e
[0144] FIG 27 is a schematic di agram showi ng an exanpl e structure of the
2D pl ayl itste buker2fideamanthe B3Dhel aybesisF ialsep@Bogivad by a left eye
251L of the viewer 251. FIG. 24C shows the outer appearance of
the cube 252 as perceived by a right eye 251R of the viewer 25A.
As is clear from comparing FIG. 24B and FIG. 24C, the outer
10 appearances of the cube 252 as perceived by the eyes are slightly
different. The difference of the outer appearances, i.e., the
parallax view allows the viewer 251 to recognize the cube 252
as three-dimensional. Thus, according to a method using
parallax images, first, two images with different viewpoints
15 are prepared for one scene. For example, for the cube 252 placed
in front of the face of the viewer 251 asg shown in FIG. 2434,
two video images with different viewpoints, e.g., FIGs. 24B and
24C are prepared. Here, the difference between the viewpoints
is determined by the parallax view of the viewer 251. Next, each
20 video image is played back so as to allow the corresponding eye
of the viewer 251 to perceive it. Consequently, the viewer 251
recognizes the scene played back on the screen, i.e., the video
image of the cube 252 as three-dimensional. As described above,
unlike the methods using the holography technique, the methods
25 using parallax views have an advantage of requiring video images

frommere two viewpoints. Hereinafter, video images for the left

eve are referred to as “left video images” or “left views”, and
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10 first AV streamfile group 2701 is conposed of Al streamfiles LCL
AV#1- 3 each storing a video stream of 2D video i mages and is i ndependently
used for 2D video playback. The video streanms of the Al streamfiles LCL
AV#1 -3 are further used as left-view streans in 3D video pl ayback.
Hereinafter, such an All stream 15 file is referred to as a "2D/l eft-view
AV streamfile", and the video streamincluded thereinis referred to as a

"2D | ef t - i . ' - a Vst k I +E38% oup
2702 is %r?g%&szﬁag’%@ﬁ?%%gﬁ%l I %%/QR%E_'EA%/%%%,P&%% ia§ ugg Fn combi nati on

with the J'fniel’g%s’%lr st { fiieltv%”gr@&'@i‘gzgliaii)f/, 30 adderadlspl dybackng

Herei nafter,” such an | streamfile is referred to as a "right-view All

stream fidies »idRd E‘.Jﬂggéisd_ﬁ@r stHeamstneludgdat higs aiimds imabekr edrithas a
"right-view streant. mai n path 2501M of the 2D playlist file 2501 and

- amai n pati 02N ofa ddher 32 play liStad itE 2b02=eaciugaet ude three pieces of
pl ayitem 25 informati on #1-3. Each piece of the playiteminformation #1-3
5 [0127]

The methods using parallax views are further classified
into several methods from the standpoint of how to show video
images for the right or left eye to the corresponding eye of
the viewer,

10  [0128]

One of these methods is called alternate-£frame sequencing.
According to this methed, right video images and left video
images are alternately displayed on a screen for a predetermined
time, and the viewer observes the screen using stereoscopic

15 glasses with a liquid crystal shutter. Herein, the lenses of
the stereoscopic glasses with a liguid crystal shutter (also
referred to as “shutter glasses”) are eachmade of a liquid panel.
The lenses pags or block light in a uniform and alternate manner
in synchronization with video-image switching on the screen.

20 That is, each lens functions as a shutter that periecdically
blocks an eye of the viewer. More specifically, while a left
video image is displayed on the screen, the shutter glasses make
the left-gside lens to transmit light and the right-hand side
lens block light. While an right video image is displayed on

25 the screen, as contrary to the above, the shutter glasses make
the right-side glass transmit light and the left-side lens block

light. As a result, the eYes of the viewer see afterimages of
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specifies a playback section in the first AV streamfile group 2701. On the
ot her hand, unlike the 2D playlist file 2501, the 3D playlist file 2502
further includes a subpath 2502S. The subpath 2502S i ncl udes three pieces
of sub-playiteminformation #1-3, and each piece of the sub-playitem

i nfoimation #1-3 specifies a playback section in the second Al streamfile
group 5 2702. The sub-playiteminformation #1-3 correspond one-to-one with

the pl ayiér%“xiigf [ R :O?Qfﬁflv;@deJ hend £0gt haof it heepbarbask sseethosaspeci fi ed

by each piece ayiteminfornmation is equal to the length of the

pl ayback sagdd onypf ddie-Cord aspandids@bece #iaad ayhdeam i nformation. The
subpat h 2502S further 10 includes information 2502T which indicates that a

subpath typedis "3D'. Upon detecting the information 2502T, the 2D/ 3D

pl ayback device synchroni zes the pl ayback processi ng between the subpath
2502S and t he x@ddrpid t2502Vk 1A riese-ithethcaboyeent heg2Bpliagtirsbedi | e
2501 and the 3D playlist file 2502 may share 15 the sane 2D/ | eft-view All
stream fidigows oupigiD b4l left vilelce itdagtest heepréfexnaurbygr dieplaned2D
playlist file 2501 and the 3D playlist file 2502 (e.g. , "XXX' of
"XXX. npl si'n) arayrbéeseguintdabyylauntiued. for ténanpmneviier ha4 2pigeayl i st
file 20 corresponding to the 2D playlist file can be easily identified.
[0146] Fofraech Piech flayedinsemsatardheidnmpliay ittt @D RapPreelf FPe 2502,
a streamentry of the 2D/l eft-view stream and a _streamentry of the

ri ght - vi evwpete eahl hahdedbdarpnaiidd itpide % é’a?’ﬁhzglg&te@ﬁdogretf&b?é(e%%
shown in FIG 13. The streamentries 1309 for the 2E¥Ieit-vie

i .St ream and
the rightnse@wathreadd palavedelehnd 2BnPERLS - sOERCRSIPHEYF & lFEﬁ&? t he
resolution, and the

10 device able to quickly execute rewriting of the screen is
preferred for this method.
[0130]
Another method uses a lenticular lens. According to this
method, a right video frame and a left video frame are
15 respectively divided into reed-shaped small and narrow areas
whose longitudinal sides lie in the vertical direction of the
screen. In the screen, the small areas of the right video frame
and the small areas of the left video frame are alternately
arranged in the landscape direction of the screen and displayed
20 at the same time. Herein, the surface of the screen is covered
by a lenticular lens. The lenticular lens is a sheet-shaped lens
constituted from parallel-arranged multiple long and thin
hog-backed lenses. Each hog-backed 1lens lies in the
longitudinal direction on the surface of the screen. When a
25 viewer sees the left and right video frames through the
lenticular lens, only the viewer’ s left eye perceives light from

the display areas of the left video frame, and only the viewer’ s
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video format. Note that each streamentry 1309 may further have a flag for
identifying the 2D/ | eft-view streamand the right-view stream added
therein. [0147] 5In the first enbodi mrent as descri bed above, assune that

t he 2D pl ayback devi ce plays back 2D video imges fromthe | eft-view
streans. However, the 2D playback device may be designed to play back 2D
video images fromthe right-view streans. It is simlarly applicable in the

descri pti,Qn10 r ] | g£d
anot her ex%hjtl e% %gt@%?gégfig%fe}%%g%@a@}??sﬁl% laéﬁ'%g%%fsang %ﬁgr%ﬁgm Pgt

file 250%1dEEf§£B€A'\ArHLée£§ Ay Ahe e ROrREML i $3DLQLceBy i hagk Utteord 5 t wo
or nore kinds of right-view AV streamfiles for each left-view AV stream

file 270knd Rathile s6aserwele 3Rephabbstinbbbe 266Resuyveny! petecaipédrality
of subpaths cCorrespondi ng one-to-one with the right-view AV streamfiles.

For exanechehesr8Rnd degnicnages . widde dhbiesendrdimaliaxhisewstaod@,
expressed 20 for the sane scene with use of differences between the shared
5 another optic_al component having similar functions, such as a
liquid crystal device may be used instead of the lenticular lens.
Alternatively, for example, a longitudinal polarization filter
may be provided in the display areas of the left image frame,
and a lateral polarization filter may be provided in the display
10 areas of the right image frame. In this case, viewers sees the
display through polarization glasses. Herein, £for the
polarization glasses, a longitudinal polarization filter is
provided for the left lens, and a lateral polarization filter
is provided for the right lens. Consequently, the right and left
15 video images are respectively perceived only by the
corresponding eyes, thereby allowing the viewer to recognize
a stereoscopic videco image.
[0131]
A playback method for stereoscopic video with use of the
20 parallax images has already been technically established and
is in general use for attractions in amusement parks and the
like. Accordingly, among playback methods for stereoscopic
video, this method is considered to be closest to practical
household use. Thus, in the embodiments of the present invention
25 in the following, the alternate-frame sequencing method or the
method using polarization glasses are assumed to be used.

However, as a playback method for stereoscopic video, various
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| eft video inmage and the right video inmages, for each different right video
image, a different right-view AV streamfile group is recorded on the

BD- ROM di sc 101. In this case, subpaths which respectively correspond with
the right-view AV streamfiles may 25 be provided in the 3D playlist file
2502 and used according to a desired parallax view In the exanple of FIG
28, the viewpoints of the right video exhibited by a first right-view AV

stream ! {UAD,2RAL 274, e&g@%@%ﬁﬂ 13 AU & faBel] Sr G508 2802

are different. anwhi , th ist file 2502 includes two ki nds of

subpat hs g&ép%%ltﬁggezéggg_gus-rrﬁ@cﬁé@@@ih 220281 acsthpabheséhof "0

specifie pl ayback section 5 in the first right-view AV streamfile group

2801. The suhpatdh 250282 diaviage thec1s brat fio In ttfodd Gespes bkidase Bop) ayback
section in the second right-view AV streamfile group 2802. the 2D/ 3D

pl ayback devigey 8 eals onex ofidhe 4w ddels of the subpaths 250251 and the
2502S2 in accordance with the size of the screen 10 of the display device

103 os spggifdjcati on by the user, and synchroni zes the playback processing
of the selected subpath with the playback processing of the main path
2502M Thimatad |sswsuqess afvr SikErecdsopie BPde@Mddsptay for the user. [01491
15 "AV Stream File for 3D Video" [01501 FIGS. 29A and 29B schematically
show el enEtzdly streans that are multiplexed into a pair of the AV stream
files, and Next, regarding the BD-ROM disc that is the recording
medium pertaining to the first embodiment of the present
10 invention, the data structure for storing 3D video images.will
be described below. Here, basic parts of the data structure are
identical with those of the data structure for storing 2D video
images, which is shown in FIG. 2-15. Accordingly, the following
will mainly describe expanded or changed portions with respect
15 to the data structure for the 2D video images, and the
description above is applied for the basic parts. Note that a
playback device that can play back solely 2D video images from
a BD-ROM disc having stored therein 3D video images is referred
to as a “2D playback device”, and a playback device that can
20 play back both 2D video images and 3D video images from the same
is referred to as a “2D/3D playback device".
[0134]
A flag for identifying the playback device as either a 2D
playback device or a 2D/3D playback device is set to a reserved
25 SPRM shown in FIG. 17. For example, assume that the SPRM (24)

is the flag. In this case, when the SPRM (24) is “0”, the playback

device is a 2D playback device, and when the SPRM (24) is “17,
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are used for playing back the 3D video images. FIG 29A shows 20 el enentary
streans nultiplexed into a 2D/l eft-view AV streamfile 2901. The el enentary
streans are the sane as the streans nultiplexed into the AV streamfile for
the 2D video images in FIG 4. The 2D pl ayback device plays back a primry
vi deo stream 2911 as 2D video images, while the 20/ 3D pl ayback device pl ays
25 back the primary video stream 2911 as left video at the tine of

provi di ng; 3D Bl.ayhagk g2l i1$ d Be AT PR deastiqam 2911 is a

2D/ | eft-\%‘l ewp;&ta?yeam FIeG 29§' sﬁows /g,,rn eri?leér?ent ary stream nultiplexed into

a right-vilgwsAV streamfile 2902. The right-view AV streamfile 2902 stores
therein a right-view stream 2921. The 2D/ 3D pl ayback devi ce plays back the

right-vi ews${d=amid02As & i jdghtrMigleo at the tinme of providing the 3D 5
pl ayback. To the right-view stream 2921, a PID of 0x1012 is allocated that
is differpntsghiroma PID of Ox1011 allocated to the left stream 2911. [01511
FIG 30A is a schematic diagram show ng a conpression 10 coding format for
a 2D wyi deo st @ 3600s sAscabaan iicnd EhG@raB0fhow i mgesfdtalcdss efnotigea2D vi deo
stream 3000 are conpressed into a picture 3001, a picture 3002 and so on
usi ng an iirnteer tpibdteund opr edinotvileeobjeodi NYOf, orMBD-J| abf heteRBddi ngnéor mat
is adopted a redundancy in a tine direction of the 2D video stream 3000 15
(i.e. simlaliitste§ibesvaiehl pndvi oz . Fmdtbe BURAGdent PP Litledsshnose

di splay orders are serial). Specifically, a top picture is,_at first,

conpr essethdngtia: P Vigiest dragseol thet RLAYEIST darrREPEYpiLefyrecsr BBfcti ve
encodi ng. Here, nunbers shown by indexes are_serial_ nunbers in FIG 30A and

'FIG 303.3INexfylast file 2502 in"addition to the 2D playlist £ile 2501.
| 10 2s is the case with the playlist file 204A, the 2D playlist file
2501 specifies a playback path of 2D video images. For example,
when a title 1 is selected by a user operation, the movie object
MVO associated with an item “title 1” of the index table 310
ig executed. Herein, the movie object MVO is a program for a
15 playlist playback that uses one of the 2D playlist file 2501
and the 3D playlist file 2502. The playback device 102, in
accordance with the movie object MVO, first judges whether the
playback device 102 supports 3D video playback or not, and if
judging affirmatively, further judges wheﬁher the user has
20 selected the 3D video plavback or not. The playback device 102
then selects, in accordance with the result of the judgment,
one of the 2D playlist £ile 2501 and the 3D playlist file 2502

as a playlist file to be played back.

[0137]

25 FIG. 26 is a flowchart showing selection processing of a
playlist file to be played back, the selection processing being

executed in accordance with the movie object MVO.

73



20 shown by arrows in FIG 30A, a fourth picture refers to the 10 picture
3001, and is conpressed into a P3 picture 3004. Next, second and third

pi ctures are conpressed into a Bi picture and a B2 picture respectively,
with reference to the 10 picture 3001 and the P3 picture 3004. 25[0152]
FIG 303 is a schematic diagram showi ng a conpressi on encoding format for
3D video streans 3010 and 3020. As shown in FIG 30B, a left-view stream
3010 is c&ri%rgﬁssed using the inter-picture predictive encoding format that
uses the redundancy in the tine direction as with the 2D vi deo stream 3000.
Wien a right - vi.pw>ghh eam 3020 15 QoHRNESELH 0uStREck B e e hAll¥e BECE RS €

predi ctive encodi ng format,” on the other hand, a redundancy between |eft
and ri ghtgpghewsai)nt s+ snusedine addoti enet grbbeséeﬂangﬁa@s to theosime
direction. That is, as shown by arrows in FIG 30B, each picture of the
right-vi ew stHeam320 d S camy essask o tdaveiesence $msee pi cture having 10
a sanme display time or a picture having a close display tinme in the

2D/l eft - vigew gt ream 3010 as well as a previous picture and/or a subsequent
picture in the right-view stream 3020. For exanple, a top picture in the

ri ght-view st reasm:230292 682 corpr edsgthaakt dewiPe pbztamsSD2Zhewdiidptaler ence
to an lo 3011 15 picture in the 2D/l eft-view stream 3010. A fourth picture
i's conpresseitd Mae aPRimpdtayr @ 82 winch magkesr sheeusert ke PBLpFEtdPe 3021
and a P3 picture 3014 in the 2D/l eft-view stream 3010. Furthernore, second
and t hi r dripien grleyback paspebt vvéty pbapreckedl § il AR Fréegie BRE a B2
picture with reference 20 to a Bra picture 3012 and a Br2 picture in the
2D | ef t - BRewistecepArthagdvi toran @RS HEpOd: 8recBoPa Gt e OF3BRct ur e
3024, respectively. Thus, pictures of the right-view strggrr;ﬁioggdahe
conpi@ssekik t FhePEPEReE 28VRRES2FP &1180A el tHPBantFBBY 2 KEcdrdiFgl y, the
ri ght-view stream 3020 cannot be decoded a%one 25 unli ke tge 2D/ L eft-view
stream 30A%ET HAERETS RctP thEPeC i BRLaYRerEng B6r PEPSEFEn2BEPREER tRe ri ght
video and_| eft video, a data amobunt of the right-view stream 3020 is
drastical$4°%3mall er than a data anount of the 2D/l eft-vi ew stream 3010 due
to the inLe{- jcture predictive encoding format that uses the redundancy
bet ween t h& ?&ght and left viewpoints. Hereinafter, a video streamthat can

pe decoded al ope LbkgalNe, 2D €l by ieWsa, SLECARAQHLugs T hethed tacas a

"base-vi ew strea and a vi eam t hat nee to be decoded with use of

the Higse- ol e oL LRI S168TRLel Lo a8 3o"denenden uLpy sl aao1L0153)

Not e "T hat t-view str ybe conpressed into the 10 base-view

stream Fygther gﬁaﬁbahﬂ dd@tc£a%e 1Eheohsd &b e 3 £aa @Y1 e deapreessed
n

into the dependent-view streamw th use of the right-view stream In either
of the Caf§§3uéﬁ€%db@§e? W S8R IhdisahasdiheldB od dem shice@mgez the 2D
SO

pl ayback devi ce. a frane rate of the 2D/l eft-view streamis a frane

CEC messages with the display device 103 and asks the display
device 103 whether the display device 103 supports the 3D video

20 playback. If the display device 103 does not support the 3D video
playback, the process advances to S2605. On the other hand, if
the display device 103 supports the 3D video playback, the
process advances to S52604.
[0141]

25 In S2604, the playback device 102 selects the 3D playlist

file 2502 as the playback target.

[0142]
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15 rate at which the 2D/l eft-view streamis decoded al one by the 2D

pl ayback device. The franme rate is recorded in a GOP header of the

2D/l eft-view stream [0154] FIG 31A shows an exanple of a relation between
the PTSs 20 and the DTSs all ocated to pictures of the 2D/l eft-view stream

3101, and FIG 31B shows an exanple of a relation between the PTSs and the
DTSs al located to pictures of the right-view stream 3102. In both of the

id t d f e, Di not h
Uhe STC. Thi's HhR 600y ool A IR S0 1 o WL RCT EopRata B BFGE 6l the

protures of 4 e aDRlet havb et BLERAMLAIOL, HOE. Hinte ofy RhldIcEsOT chbe

ri ght-view 'stream er to corresponding pictures of th

2001 eft- vl oSt neagdtaly b die chler cpl Céiuéi‘;?la%{ 8dkaLlVeo £neodh Bg1 bor mat

sho 303. An interval® TD of the delay (i.e. an interval between

each pictuye ofsdde QLo tovhew siipaarBlPdsandraspietbdeq.of the
right-view stream 3102 that 5 i mediately succeeds the picture of the

2D/l egt-vigwmstream is refereed to as a 3D display delay. The 3D display
delay TD is set to a value corresponding to an interval between previous
and subseguerdy i€t urEbenf the 2D/ | eft-view stream 3101 (i.e. a value half
a franme period or half a field period TFr) . Simlarly, 10 in both of the
video strpams4B101 and 3012, PTSs of the pictures alternate one another on
the STC. That is, an interval TD between: a PTS of each picture of the

2D/ | ef t - vi ew sETI@aRr731Da;scdmenat BT 8ieframshtwieg ef ¢dmnplgltrucswrst r eam
3102 that imedi ately succeeds the picture of the 2D/l eft-view streamis 15
set to a vhlue & pdspyddditng ifle 2R0Lnavdvahe bk el bi<h tildse @5 02hel

2D/l eft-view stream 3101 (i.e.avalue half a frane period or half a field
peri 88 TFEjrst AV stream file group 2701 is composed of AV stream files

LCL AV#1-3 each storing a video stream of 2D video images and
is independently used for 2D video playback. The video streams
of the AV stream files LCL AV#1-3 are further used as left-view
streams in 3D video playback. Hereinafter, such an AV stream
15 file is referred to as a “2D/left-view AV stream file”, and the
video stream included therein is referred to as a “2D/left-view
stream”. On the other hand, a second AV stream file group 2702
is composed of AV stream files RCL_AV#1-3, and is used in
combinationwith the first AV stream file group 2701 for 3D video
20 playback. Hereinafter, such an AV stream file is referred to
as a “right-view AV stream file”, and the video stream included
therein is referred tc as a “right-view stream”. A main path
2501M of the 2D playlist file 2501 and a main path 2502M of the
3D playlist file 2502 each include three pieces of playitem
25 information #1-3. Bach piece of the playitem information #1-3
specifies a playback section in the first AV stream file group

2701. On the other hand, unlike the 2D playlist file 2501, the
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[0155] FIG 32 is a schematic diagram show ng the data structure 20 of a

vi deo access unit 3200 of each of the 2D/l eft-view stream and the
right-view stream As shown in FIG 32, each video access unit 3200 is
provi ded with decoding switch informati on 3201. A 3D video decoder 4115
(described |l ater) performs, for each video access unit, decoding processing
of the 2D/l eft-view 25 stream and decodi ng processing of the right-view

stream swit %hia%ifsfﬁerﬁtl%t weRd Alrdhat fridBuddde Hanvao dermerti4d 15
speci fies a"subsequent video access unit to be decoded at a tinme shown by

a DTS previgedH 95 €8s hneildee «ageess pisices &b weie blaydmgmvi ttermeciooter s
generally ignore the DISs, and keep on decodi ng the video access units. For
such 3D wiideo decddessh iptiecce favotlabl eubhal agackmyiitdmaeddss: uhlt3 of the
vi deo stream has information for specifying a subsequent video access unit
to be degeded fiikaddiladmatlo sadiisSn ThetiecedeorshWhY cit jesm i e o201 is
information for realizing the switching processing of each of the video
access UMD .t Theesdecptayi bymtivet @nati e idecoderraspesnd1on®156]one As
shown in FIG 32, the decode switch information 3201 is stored in an

expansi onvidreaheFl ajbssmgen rrmdel ¢n fd \the ARRPERICIAGE R PRAK each of
the video access units. The decode switch informatjon 3201 includes a
subsequertecidens sparilf iegpey 320h piscs QbuRURHY HaR 8 eAMEt4PPer 8203 and
a decode counter 3204. [0157 The subse uen% ccess unit %Y e 3202

i s i nf or EYeINEPridiT AenF§htof P B e ST5He O Uit SPTESRPAR gﬁe

right-view streamthe subsequent vi deo access unjt oded
: J piece of playitem qgnformatgon. ‘ﬁ'xe subpa}:g g%oc&esc gurther

10 includes information 2502T which indicates that a subpath type
is “3D”. Upon detecting the information 2502T, the 2D/3D
playback device synchronizes the playback processing between
the subpath 25028 and the main path 2502M. As described above,
the 2D playlist file 2501 and the 3D playlist file 2502 may share

15 the same 2D/left-view AV stream file group.

[o145]

Note that the prefix numbers of the 2D playlist file 2501
and the 3D playlist file 2502 (e.g., “XXX” of “XXX.mpls”) may
be sequentially numbered. In this manner, the 2D playlist file

20 corresponding to the 2D playlist file can be easily identified.
[0146]

For each piece of playitem information in the 3D playlist
file 2502, a streamentry of the 2D/left-view stream and a stream
entry of the right-view stream have been added in the stream

25 sgelection table 1305 shown in FIG. 13. The stream entries 1309
for the 2D/left-view stream and the right-view stream have the

same -contents such as the frame rate, the resolution, and the
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20 bel ongs. For exanple, when a val ue shown by the subsequent access unit

type 3202 is "1", it is indicated that the subsequent video access unit
bel ongs to the 2D/l eft-view stream Wen the val ue shown by the subsequent
access unit type 3202 is "2" , it is indicated that the subsequent video

access unit belongs to 25 the right-view stream Wen the val ue shown by
t he subsequent access unit type 3202 is 11011, it is indicated that the

subsequent; 4l 198, AGeesstidndrSeatpall Sl @helje1 sb8 &a) £uk@ha8lnave A

subsequent” video access unit size 3203 is information i'ndicating a size of

each subsequenly Video agaasssitd that b5 /iorbevdegodad-cdd &he sehsequent

vi deo access unit size 3203 i s unavailable in a video access unit, it is

necessar Yo @ang fg e MR Hdddemaecess unit to be decoded is extracted
froma buffeer, a structure of the access unit in order to specify its size.

By addi ngigfe;subsequent access unit size 3203 to the decode switch

i nformati on 3201, the 3D video decoder 4115 can specify 10 the size of the
access unit wihaiHte aialgz ierpddimesit aet deecefibedeavbdeo assase that.
Accordingly, the 3D video decoder 4115 can easily perform processing of
extracti nthei zipopbagleask udetrscer pimike Hawefd @D fills9]iddIee fecodeheount er
3204 shows a decoding order of the video access units in the 2D/l eft-view
st ream stlaftingiewt Ataraascedeowanelr, i nhaidehgpraaybagkctdgva.carlt&y 3BA and
FIG 33B schematically show val ues each of which is shown by the decode
counter 3d8ligmedl te plbycdrek t2D avpiepurmagest ey the t TYEBW- ¥Ee¥am 3301
20 and a picture of the right-view stream 3302. As shown in FIGS. 33A and
.33B, thergtzgamswo Tranaer sSehidprbratapigl varbs. T166F | ASEFEIPB3AR "1" s
allocated to an | picture 3311 of a 2D/l eft-view stream 3301 as a val ue
3204A0showrdindflecElecode 25 counter 3204, "2" is allocated to a P picture
3321 of a right-view stream 3302 to be subsequently decoded as a val ue
32043 shoW4$3! t he decode counter 3204, and "3" is allocated to a P pi cture

FIG. 28 is a schematic diagram showing another example
structure of the 2D playlist £ile 2501 and the 3D playlist file
2502. The STREAM directory of the BD-ROM disc 101 may include

15 two or more kinds of right-view AV stream files for each
left-view AV stream file 2701. In this case, the 3D playlist
file 2502 may include a plurality of subpaths corresponding
one-to-one with the right-view AV stream files. For example,
when 3D video images with different parallax views are expressed

20 for the same scene with use of differences between the shared
left video image and the right video images, for each different
right video image, a different right-view AV stream file group
is recorded on the BD-ROM digsc 101. In this case, subpaths which
respectively correspond with the right-view AV stream files may

25 be provided in the 3D playlist file 2502 and used according to
a desired parallax view. In the example of FIG. 28, the

viewpoints of the right video exhibited by a first right-view
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3322 of the 2D left-view stream 3301 to be further subsequently decoded as
a val ue 3204A shown by the decode counter 3204. Thus, the val ues 3204A and
3204B shown by the decode counter 3204 that are allocated to the video
access units of the 2D/l eft-view stream 3301 and the right-view stream 3302
are alternately increnented. By allocating the val ues 3204A and 3204B shown
by the decode counter 3204 in such a manner, the 3D video decoder 4115 can

idrerT(;rggieat(‘.: ?ll‘}% 2?%%5%%% 1 éf“g%u"séisEB &1 LPeav d\*/{;?rgie %%%é%—@@@w%@%@ rehowa; by the

a~mssing picture access unit) that the 3D

video de p4kb3 Lall s 0.7 600 e 1 SIUTe LB 9 pIRGLOrLl Rah¥, 28 he 3D

vi deo decoder 4115 can appropriately and pronptly performerror handling.

[0161] 1 nfdGad3Awd @fnexanp! @ab%&@hé@%ﬁ@p deredensbllbnbakhspdbnt o read
a third video access unit of the 2D/l eft-vi ew stream 3301 due to an error,
and a Br pigist @ 3343 ESs b SStNAD Breref 0§ gec i ds the 1B bpick! veer 3843

m ssing, a Br picture 3313 cannot be referred to during the decoding
procegsi noh afhea £t bk dr VijEleov 86w @88 stidan( Bipeciutep 332R). ahet hebpaght - vi ew
stream 3302. 20 Accordingly, the B picture 3323 cannot be decoded properly,
and a noi 380252 hiskehy tioe babipaehuded i N1t gl idjied badlkeywhaeosetonener, if
the 3D video decoder 4115 reads and hol ds therein a value 32043 (shown by

t he decodin otuntsercc3ZD4) got -aisecaldsviden Gtbessraup t280R pitbeukB/3822) of
the right-view stream 3302 in decoding 25 processing of the P picture 3322,
t he 3D vipkaybechdisvikid Sakeripr edictofa the Fevc3 2048 S sorhebpubhatBécode
counter 3204) of a video access unit to be subsequently decoded.

Speci fi ca?3§2ShandshbaR iR} Gn égﬂprﬂﬁécﬁa‘b’h%h$%Iﬁ1§16§h%§m¥f%ﬁ/s€ﬁ@e§ecode
counter 3204) of the second video access unit (P picture 3322) of the

ri ghtlOvi ef streadiSpbayideviee We3opHi AYFGLLLcabdopr BYi EP&dUEREr #RE val ue
3304A (shown by the decode counter 3204) of the video 5 access unit _to be
subsequentYHchEaRL 78S "the RIRURAGK RERESTHE RiePa eSS tan FUPBant

subsequent|y read is actually a fourt i deo,access _uni t he

2D T of t - VWEhP SR P HSR T R ara g8 53 FehBvRe 2Bty cetio SdaaEer
3204) of t?e video access unit is."7"...ln sucgo% oanner t he 3D video
decoder 4B482E3RT 18-GEERET P hat VIAE 3D §PA8E d8E0dEF FTTE fails to read one
vi deo accggfégﬂit. Therefore, the 3D video decoder can execute error

handl i ng i ppi ng decodi ng processing of the B picture 3323 extracted

from.t.he thif,daVi S ni : ri ght-view stream 3302 since the Br
pictJ%e Séigﬁt%¥¥§$§r§¥ggigoﬁigéiﬁ%ggg%g Thus, the 3D video decoder 4115

checks, f@ngg?h decodi ng processing, the value 3204A and the val ue 32043
shown by the decode counter 3204. Consequently, the 3D video decoder 4115

can pronptly dptgst B9k edty efd®lsQfehdiei VA O1BP AGEES ditiritardnNGaaRmer onpt |y
execute an appropriate error handling. 20[0162] As shown in FIG 33B, a

val ue 3204fz8n8ra Mal tep B2R4® {sHevh Byit her daeoder ecairda f32Q4), ehda video
stream 3301 and a vi deo

are used for playing back the 3D video images. FIG. 29A shows
20 elementary streams multiplexed into a 2D/left-view AV stream
file 2901. The elementary streams are the same as the streams
multipiexed into the AV stream file for the 2D video images in
FIG. 4. The 2D playback device plays back a primary video stream
2911 as 2D video images, while the 2D/3D playback device plays
25 back the primary video stream 2911 as left video at the time
of providing 3D playback. That is, the primary video stream 2911

is a 2D/left-view stream. FIG. 29B shows an elementary stream
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stream 3302 respectively may be increnented separately. In this case, at a
time point where the 3D video decoder 4115 decodes 25 a video access unit
of the 2D/l eft-view stream 3301, the val ue 3204C shown by the decode
counter 3204 is equal to a value 3204D (shown by the decode counter 3204)
of a video access unit of the right-view stream 3302 to be subsequently
decoded". Meanwhile, at a tine poi nt where the 3D video decoder 4115

decodes W@ﬁn ARGLSIU {5 OLLihe KA - Mew s1 4 8AMAI02. s b 30 deo

decoder redict that val ue obtained by 5 increnenting, by one,

a val ue 312%; Séw\mf bé/tJ:Q&mdEEQQGz@@éms%r%%Oﬁc)hé%feﬂﬂﬂ% Vi 00 BECASS UNi ¢

i s equal a va ue 3204C (shown by the decode counter 3204) of a video

access U@ttré%{m§b§12@/riee§1b/yb@ma§ﬁﬂa%ﬁm§3%ebq B0 egeent diye decoded” .
Therefore, at any tinme point, thé 3D video decoder 4115 canpronptl ydet ect

10 a readsiardf 28fo2az%i €heo @@%Srllaéd aW the ustn@foft beovaldieg32R4Gmnd t he
val ue 3204D shown by the decode counter 3204. As a result, the 3D video

decodgr 4hkh ek Pripile EXRetHel @ppipsami 29 EY § . hEMAbE nopl§OA68% 15
Physi cal Arrangenent of AV Stream Files for 3D Video on Disc> [0164]

The fol | aing-anidd tdeschisbdiphyseanal £asmandEfentts 0afl0AY slileaatédles on the
BD- ROM di sc 101, each of the files storing 3D video inmages therein.

20[ 0165] tAie M deo-grmaydmick, a 2D/ 3D pl ayback devi ce needs to read

2D/l eft-view AV streamfile and right-view AV streamfile in parallel from
the BD-ROMIhklc 101. FIGS. 34A and FIG 34B are

FIG. 302 is a schematic diagram showing a compression
10 coding format for a 2D video stream 3000. As shown in FIG. 304,
frames/fields of the 2D video stream 3000 are compressed into
a picture 3001, a picture 3002 and so on using an inter-picture
predictive encoding format. In the encoding format is adopted
a redundancy in a time direction of the 2D video stream 3000
15 (i.e. similarities between previous and/or subsequent pictures
whose display orders are serial). Specifically, a top picture
is, at first, compressed into an I, picture 3001 with use of
an intra-picture predictive encoding. Here, numbers shown by
indexes are serial numbers in FIG. 304 and FIG. 30B. Next, as
20 shown by arrows in FIG. 302, a fourth picture refers to the I,
picture 3001, and is compressed into a P; picture 3004. Next,
second and third pictures are compressed into a B; picture and
a B, picture respectively, with reference to the I, picture 3001
and the P:; picture 3004.
25 [0152]
FIG. 30B is a schematic diagram showing a compression

encoding format for 3D video streams 3010 and 3020. As shown
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schematic di agrans show ng two types of the arrangenent of both 25 the

2D/l eft-view AV streamfile and the right-view AV streamfile on the BD ROV
disc 101. Assune that the entirety of the 2D/l eft-view AV streamfile is
continuously recorded on the BD-ROM di sc 101 as one extent 3401 and, next
to the extent, the entirety of the right view AV file is arranged as

anot her extent 3402 as shown in FIG 34A 1In this case, the playback path

is desig r th nt.. t g o I
shown by 5 P’ (BE 8 B e 28 o S Y2 o

reads th%r?ﬂgrl—?ﬂdiitc;]t‘é%xg”/é’v ?!:leﬁirc%mé( i o820 e soh@t- ViawrAVustEeapnéil e in

paral lel. Acco ong junp occurs €éach tine an extent to be read is

swi t ched a8, §howe Py Hash ldiRRs difeEk@on34A. wAthathesubt vifikol stdedii cul t
to keep 10 the tinm ng of reading each file earlier than the timng of

decodi ng YACe PN D ByRD wi deostesatesoz @ands t dospiésbeddubinguthet o
reliably continue seanl ess playback. In contrast,

5 inter-picture predictive encoding format, on the other hand,
a redundancy between left and right viewpoints is used in
addition to the redundancy in the time direction. That is, as
shown by arrows in FIG. 30B, each picture of the right-view
stream 3020 is compressed with reference to a picture héving

10 a same display time or a picture having a close display time
in the 2D/left-view stream 3010 as well as a previous picture
and/or a subsequent picture in the right-view stream 3020. For
example, a top picture in the right-view stream 3020 is
compressed into a Py picture 3021 with reference to an I, 3011

15 picture in the 2D/left-view stream 3010. A fourth picture is
compressed into a P, picture 3024 with reference to the Py picture
3021 and a Pi picture 3014 in the 2D/left-view stream 3010.
Furthermore, second and third pictures are respectively
compressed into a B; picture and a B; picture with reference

20 to a Br: picture 3012 and a Br; picture in the 2D/ left-view stream
in addition to the P, picture 3021 and the P; picture 3024,
respectively. Thus, pictures of the right-view stream 3020 are
compressed with reference to the 2D/left-view stream 3010.
Accordingly, the right-view stream 3020 cannot be decoded alone

25 unlike the 2D/left-view stream 30i0. However, since there is
a strong correlation between the right video and left wvideo,

a data amount of the right-view stream 3020 is drastically
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in the first enbodi nent as shown in FIG 34B, the 2D/l eft-view AV stream
file is divided into a plurality of extents 3401A, 15 3401B,the right-view
AV streamfile is divided into a plurality of extents 3402A, 3402B, and the
extents of both the files are arranged alternately on the BD-ROM di sc 101.
Such an arrangenent of the extents is referred to as an interl eaved
arrangenent. The playback path is designed to run the extents 20 3401A,

3401E, 34 Q%Ei ' gag. ' , [
fromthe gﬁglle%?en I}al%_r é%g%neg%éf/ a?%ofwgh%rl%ﬁ?égg ) :'E%{VF#%%%BEM c?%%ldin%gl Y,
the 20 3Dccg'@}¥é3al‘}]!%e‘}% 'i%etu%ae”p%hgrcﬁl%%' nesaqﬁgowfﬁlgggﬁat?m% ent by
extent w thout causing a junp, and therefore t relrability of the

seam ess playback 2%, Lak e chaProyed o D166} ceLRndidd Ongh el (Blrawback Time
The fo

per Extent™ 0167 | owi ngw || describe conditions of playback tine

of a videg sidLamcAALASH ddh eRCALWRRY a1 FhES 1130A NG DIIBrRg j8Ghemat i C
di agrans showi ng a rel ati onshi p between pl ayback

5 stream 3010 is referred to as a “base-view stream’”, and a video
stream that needs to be decoded with use of the base-view stream
is referred to as a “dependent-view stream”.

[0153]
Note that the right-view stream may be compressed into the
10 base-view stream. Furthermore, in that case, the left-view
stream may be compressed into the dependent-view stream with
use of the right-view stream. In either of the cases, the base
view gtream is used as the 2D video stream in the 2D playback
device. Also, a frame rate of the 2D/left-view stream is a frame
15 rate at which the 2D/left-view stream is decoded alone by the
2D playback device. The frame rate is recorded in a GOP header
of the 2D/left-view gstream.
[0154]
FIG. 31A shows an example of a relation between the PTSs
20 and the DTSs allocated to pictures of the 2D/left-view stream
3101, and FIG. 31B shows an example of a relation between the
PTSs and the DTSs allocated to pictures of the right-view stream
3102, In both of the video streams 3101 and 3012, DTSs of the
pictures alternate one another on the STC. This can be realized
25 by delaying, with respect to DTSs of the pictures of the
2D/left-view stream 31031, the DTSs of pictures of the right-view

stream 3102 that refer to corresponding pictures of the
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5 tinmes and pl ayback paths. Assune that an extent 3501 of the 2D/l eft-view
Al streamfile and an extent 3502 of the right-view All streamfile are
adj acent to each other as shown in FIG 35A and a playback tinme of a video
stream contained in the first extent 3501 and the second extent 3502 are
four seconds and one 10 second, respectively. Here, the playback path for
3D video inmages alternately proceeds the extent 3501 and the extent 3502 of

the respeqfivefiles, by paLhi oo having fhe ;52 pliaxback Lio®if€ige . One
S Eiy ord

second) as own by an arrow 3 in F 35A. Ac I ngly, when extents of

the fil E%x{zﬁa&h | therent phaybagke-Ad Ligie @b vheepvsireag: the] 88PapCCUr'S
bet ween both t extents 3501 and 3502 as shown by dash lines in Fi 35A

In contrast e it henflfsd) epbediaBnt 2% shewhdd &t Gnd5Bp/aacexieay of the
2D/l eft-view All streamfile and an extent of the right-view Al stream

file adj ageniard &1@ACkH QI Eec";j)i‘@:&utr@?oEDtB_@VEdbﬁ@—irQéwC@ﬁkéiam 20opothhens of
the 2D/l eft-view stream and the right-view stream

5 immediately succeeds the picture of the 2D/left-view stream)
is refereed to as a 3D display delay. The 3D display delay TD
is set to a value corresponding to an interval between previous
and subsequent pictures of the 2D/left-view stream 3101 (i.e.
avalue half a frame period or half a fieldperiod TFr) . Similarly,

10 in both of the video streams 3101 and 3012, PTSs of the pictures
alternate one another on the STC. That is, an interval TD
between: a PTS of each picture of the 2D/left-view stream 3101;
and a PTS of a picture of the right-view stream 3102 that
immediately succeeds the picture of the 2D/left-view stream is

15 set to a value corresponding to an interval between pictures
of the 2D/left-view stream 3101 (i.e. a value half a frame period
or half a field period TFr).
{0155]

FIG. 32 is a schematic diagram showing the data structure

20 of a video access unit 3200 of each of the 2D/left-view stream
and the right-view stream. As shown in FIG.32, each video access
unit 3200 is provided with decoding switch information 2201.
A 3D video decoder 4115 (described later) performs, for each
video access unit, decoding processing of the 2D/left-view

25 stream and decoding processing of the right-view stream
switching therebetween. At that time, the 3D video deccder 4115

specifies a subsegquent video access unit to be decoded at a time
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the portions are to be played back with the sane timng. In particular, the
portions contained in the extents have the sanme playback tinme. For exanpl e,
the top extent 3501A of the 2D/l eft-view All streamfile and the top extent
3502A of the 25 right-view All streamfile have the same playback tinme
equal to one second; and the second extent 3501B and the second extent
3502B thereof have the sane playback time equal to 0.7 seconds. Thus, in

the recocding 193{ easT gj’ro%tﬂié&goté@c@ Phkebt 2 veeus AVist r game bk e rand, t he
right-view AV stream , extents having the same playback tine are al ways

adj acent v @=0a88-08885 . g 8 1 B Uldnorthenpl Bydac ki epasn e ctegigned to
run the extents 5 3501Aq 3501B 3502A, 3502B, ..., sequentially, starting

from t he chep vaxeentadse showni by . areews 32030 nviii€o 3eBodAeer dithgly, the
2D/ 3D pl ayback device can continuously read the AV streamfiles w thout
causi ng &ajvdiableeahpktayhol bhdko 3 wd e ariimagdss theéhirsdenadbt esas daad ess

pl ayback to be reliably performed. 10[0168] "Top Extent in Recording Area
of AW St iedmriialtdon] Eb&9kpecifyinghe supspanenonvofieevargesxtwmitiyethe
recording area for storing an AV streamfile contains an | picture of the
15 2D/ | et deendstir samdsti ta.d fioce PES ofThenderciogiet svieahstnicamathian has
been conpressed with reference to the | picture as shown in FIG 30B. This
al l ows tR@0Ji 28 bhfenmhtexnefer tﬁ?é@eﬂ-Zjlé’e%rtlhenéﬁflﬁyhl}élﬂn@r@ﬁﬁ?lﬁﬁlCPﬁ s in
the clip information file. Accordingly, | ayback device can sipplify the
process &Rcdl Odr faeelVjdeo ﬁé&&isﬁgu&‘d:énf@ £ deopppdf PYvike 2 Gtde_xm file

and a right-view AV streamflle fromthe BD-ROM di sc 101. [0170]
x decoder 411

10  [0156]

As shown in FIG.32, the decode switch information 3201 is
stored in an expansion area (SEI Message or the like when MPEG-4
AVC is used) in each of the video access units. The decode switch
information 3201 includes a subsequent access unit type 3202,

15 a subseguent access unit size 3203 and a decode counter 3204.
[0157]

The subsequent access unit type 3202 is information
indicating to which of the 2D/left-view stream and the
right-view stream the subsequent video access unit to be decoded

20 belongs. For example, when a value shown by the subsequent
access unit type 3202 is "1", it is indicated that the subsequent
video access unit beloﬁgs to the 2D/left-view stream. When the
value shown by the subsequent access unit type 3202 is "2", it
is indicated that the subsequent video access unit belongs to

25 the right-view stream. When the value shown by the subsequent
accesgunit Lype 3202 is "0", it is indicated that the subsequent

video access unit is at an end of the stream.
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"Extent Sizes and Intervals" [0171] 25The following will describe
conditions for the lower Iimt of the size of each extent and the upper
limt of the interval between extents. As described above, causing the 2D
pl ayback device to seam essly play back 2D video i nages froman AV stream
file requires the size of each extent of the AV streamfile to be equal to
or larger than the mninumextent size and in addition, the interval
between tihesgxtents to be smaller than the maxi mum 5 junp di stance

Sj unp_nax. Accordlngly, the size of each extent of the 2D/l eft-view All

stream fil e needspbedhentetriakot Hec¥akuanequel z& 03003 | o gierf drheat idre

m ni nrum extent size cal cul ated based on the distance to the next extent in
the saneihdieathimgaddiitomf thehi stbsggliehetwbdso te et entis needsis o be
set at the value 10 not exceeding the maxi mum junp value S unp_max This
all ows the 2B pgkaphadk @évihe subsegueesslydpbaycbask 2Dilviztene i3alfes from
the 2D/l eft-view All streamfile. [0172] Further conditions are required
for an i dsenheeaitalibe drr anjererrcaotsexréiit siiof s2Bcestary Foanal¥2st ream
files and right-view All streamfiles in order to seam essly play back 3D
vi deo i mapes: a édebramre Thend bridi bedissatinf &s watthed Hesk Lappropt el y
arranging the extents are partially determ ned fromthe, capacities of read
buf fers iEnsltageduns offe the 8pcgesphaibadR Eé@PEetan%{P?‘ﬁ%er%ﬂéﬁ n%l'-’c%lpabl lity

of a disc drive included therein. A description thereof w| ‘i%%%l ded
after a @s@SdniGohhef SHRSEHNLRE GHSPSﬁDHEIltO?lFﬁe3§ﬁ)33@p?%§b tkeURvi ce.

[0173] 25 <Data Structures of Clip Inforg t| o] r 3D \/ deo> 0174
The fol | @Mlﬁg’fﬂéé‘gPFﬁ‘%l&&t%\zg%rJﬁ}%PP ot EP.CEE?%% ﬁ&& £y 0174

10 the size of the access unit without analyzing the structure of
the video access unit. Accordingly, the 3D video decoder 4115
can easily perform processing of extracting video access units
from the buffer.

[0159]

15 The decode counter 3204 shows a decoding order of the video
access units in the 2D/left-view Stream starting with an access
unit including an I picture. FIG. 33A and FIG. 33B gchematically
show values each of which is shown by the decode counter 3204,
and is allocated to a picture of the 2D/left-view stream 3301

20 and a picture of the right-view stream 3302. As shown in FIGS.
33A and 33B, there are two manners of allocating values.
[0160]

In FIG. 332, “1” is allocated to an I picture 3311 of a
2D/left-view stream 3301 as a value 3204A shown by the decode

25 counter 3204, “2” isallocatedtoa Ppicture 3321 of a right-view
stream 3302 to be subsequently decoded as a value 3204B shown

by the decode counter 3204, and “3” is allocated to a P picture
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file that is associated with an AV streamfile storing therein 3D video

i mges. Each of FIG 36A and FIG 36B is a schematic di agram show ng the
data structure of the clip information file. FIG 36A shows a data
structure of a clip information file that 5 is associated with a

2D/l eft-view AV streamfile 3631 (i.e. a 2D/ left clip information file
3601), and FIG 36B shows a data structure of a clip information file that

s aSSOC'ﬁfgl | e&g%gg 1@@& \éaéwpééééérﬁ%@ofﬂ Lg ﬁ@%%rfmee_» sabgeqﬁaneh p

informatio ata structure of each of the clip |nforrrat|on

10 file 3601,a04 arsh§v%.|l'u% 5 98 RN L 418 3602 deScbast alIN0sequnhst 0 the
data structure of the clip file information that is associated with the AV

stream fidig $HAkeR 6L Qind Zﬂoygmwmge&é BewWR dieNeFht B 3k Ehéx 10.
However, 3D neta data 3613 is added to t 2D/l eft clip information file

3601. Furdheribl ceatddd ac6 ot tv Diled SadBgdesf onitBeost tranepy Lefbutreew
information 3621 of the right clip information file 3602, and information

i s added gorddne eRdIyandptBe22.iqhdtiGlevwe c3rdvird a3 1t asr@0p0té6hakeBy 37A
and FIG 37B schematically show a data structure of 3D nmeta data 3613. The
3D net a dotear&bdlted. imyf el fetboingsebe forlyproceditngnd hiad 0 4kl dshicdepblis to 2D
video images that are displayed by playing back the PG stream |G stream
and the 26hsetormiy poundes $EPéaim tshath & wanukri ptlex e ividea Hecoder

2D/l eft-view AV streamfile. The 3D neta data 3613 includes a table 3701
separ at el 4115 crarPibmedfiatizd YPEPSEE 83m witle Usg ofr ehmvalues 3204A and

3204B shown by the decode counter 3204, amissing picture (video
10 access unit) that the 3D video decoder 4115 fails to read due
to some error. Accordingly, the 3D video decoder 4115 can
appropriately and promptly perform error handling.
[0161]
In FIG. 334, for example, the 3D video decoder 4115 fails
15 to read a third video access unit of the 2D/left-view stream
3301 due toanerror, and a Br picture 3313 ismissing. Therefore,
with the Br picture 3313 missing, a Br picture 3313 cannot be
referred to during the decoding processing of a third video
access unit (B picture 3323) of the right-view stream 3302.
20 Accordingly, the B picture 3323 cannot be decoded properly, and
anoiseisg likely tobe included in the played back video. However,
if the 3D video decoder 4115 reads and holds therein a value
3204B (shown by the decode counter 3204) of a second video access
unit (P picture 3322) of the right-view stream 3302 in decoding
25 processing of the P picture 3322, the 3D video decoder 4115 can
predict a value 3204B (shown by the decode counter 3204) of a

video accegs unit to be subsequently decoded. Specifically, as
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and the secondary video stream as shown in FIG 37A Each table 3701
generally includes a plurality of pairs of PTS 3702 and of fset val ues 3703.
Each PTS 3702 shows a display tinme of a frame or a field of one of the PG
stream the |G stream and the secondary 5 video stream Each offset val ue
3703 is a nunber of pixels corresponding to a displacenent anmount by which
a video i mage shown by the franme or the field at the PTS 3702 is shifted in

a hori Zoggttgdufrg}iheﬁé%3¥Mleehteh§}%yﬁg%d4@9%hb%mc§gwé g@lcbateoc@uﬁw{at vi deo

| mage an t video I nmage. e of fset val ues 3702 may be m nus

val ues. Apaly o3 04heOketRBaPTRI840L-a04s thei ©f (B ?f_tct\ca_@@saé%oksua@f erred

to as an offset entry. A valid section of each offset entry ranges from a

PTS of the pifseteeBtE¥ b PTS of” t Recswhsaguentiof £ geteanivas Lot
exanpl e, when a PTS of an offset entry #1 indicates 180000; a PTS of an

of f set 15 1entEy w233 odh caliesn? F00R: addbde BESntferan204f sei teiat vydéd
I ndi cat es 360000, an offset value +5 of the offset entry #1 is
5 access unit to be subseqguently read is “5”. However, since the
video access unit to be subsequently read is actually a fourth
video access unit of the 2D/left-view stream 3301, the value
3204A {shown by the decode counter 3204) of the video access
unit is “7”. In such a manner, the 3D video decoder 4115 can
10 detect that the 3D video decoder 4115 fails to read one video
access unit. Therefore, the 3D video decoder can execute error
handling of “skipping decoding processing of the B picture 3323
extracted from the third video access unit of the right-view
stream 3302 since the Br picture 3313 to refer to is missing”.
15 Thus, the 3D wvideo decoder 4115 checks, for each decoding
processing, the value 32042 and the value 3204B shown by the
decode counter 3204. Consequently, the 3D video decoder 4115
can promptly detect a read error of the video access unit, and
can promptly execute an appropriate error handling.
20 [0162]

As shown in FIG. 33B, a value 3204C and a value 3204D (shown
by the decode counter 3204) of a video stream 3301 and a video
stream 3302 respectively may be incremented separately. In this
case, at a time point where the 3D video decoder 4115 decodes

25 a video access unit of the 2D/left-view stream 3301, the value
2204C shown by the decode counter 3204 is equal to a value 3204D

(shown by the decode counter 3204) of a video access unit of
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valid in a STC range 3704A from 180000 to 270000, and an offset value +3 of
the offset entry #2 is valid in a STC range 37043 from 270000 to 360000. A
pl ane adder 3710 of the 2D/ 3D pl ayback 20 device (described |ater) shifts,
in the horizontal direction, the video inage held in each of the PG pl ane,
the I G plane and the sub-video plane by an offset value with reference to
the 3D neta data 3613 so as to convert the video inage held in each plane

into a |efde vwgﬁttﬁmg@ ahdr&arh | ghlooVvi 480 HdegapsEhesnt2y tde-qbadre. adder
3710 conmbines the video inmages held in the planes into one video inage.

Thus, it McaRRsSid) &t 0a geNREAbBi RGN ahkay itRgeD friaRadstaer i aBges in
each of the planes. That is, 3 dept h perception can be added to each 2D
vi deo i maggiodie adeiakb Hicéhe pliane fCORdIMaghon 1@t kaddam describied in the
description of the plane adder 3710. [0177] 5Note that contents in the 3D
nmet a dat 33643 amyddiesdor tadl Hycgt ahesd i for tlexianpd evalmst dadk Dfied hisy Pl Ds
Thus, the anal yzing process of the 3D neta data by the 20/ 3D pl ayback
devi c2 camdweensimpind | bg.ord | erveliue 8Rp4Dal slorwdh biyonhaee clodeaddedt ¢hat t he
| ength of the valid section of the offset entry is one second
3204) of the video access unit is equal to a value 3204C (shown
by the decode counter 3204) of a video access unit of the
2D/left-view stream 3301 to be subsequently decoded”. Therefore,
at any time point, the 3D video decoder 4115 can promptly detect
10 a read exrror of a video access unit with use of the value 3204C
and the value 3204D shown by the decode counter 3204. As a result,
the 3D video decoder 4115 can promptly execute appropriate error
handling.
[0163]
15 <Physical Arrangement of AV Stream Files for 3D Video on Disc>
[0164]

The following will describe physical arrangements of AV
stream files on the BD-ROM disc 101, each of the files storing
3D video images therein.

20 [0165]

At 3D video playback, a 2D/3D playback device needs to read
2D/left-view AV stream file and right-view AV stream file in
parallel from the BD-ROM disc 101. FIGS. 34A and FIG. 34B are
schematic diagrams showing two types of the arrangement of both

25 the 2D/left-view AV stream file and the right-view AV stream
file on the BD-ROM disc 101. Assume that the entirety of the

2D/left-view AV stream file is continucusly recorded on the
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10 or longer, for exanple, in view of a performance of plane conbination
processi ng by the 2D/ 3D pl ayback device. [0178] <<Stream Attri butes
Information Relating to Right View Streanmr> [0179] 15Video stream attri bute
informati on 902B relating to the 2D/l eft-view streamshown in FIG 10 (i.e
the video streamattribute information 9023 that is associated with PID =
Ox1011) , should be matched with the video streamattribute information

rel ating grp gdif qfiis@ni oY i £Wesll £2FEAE £ 01 he1dvi deQrsts aam 2Qcahtr i brée
information that is associated with PID = 0x1012) . SpeC|f|caIIy, a codec

9021, a fdim-didf %fg@r;’él,rlgﬁt%p@mw 8116 9033 ranfdddas eseltlirogx0822 of the
video stream attribute information relating to the 2D/l eft-view stream and

those of i HORhowewnstrreamshoutd dieid hesssamene bilehdaetdgagshaie not 25
the sane, a reference relation anong the video streans at the tine of

encodi ng dlaeisgmed tworkn Aiie ethenefnr®, astlethecixtast canroslberdeceted.
Also, if the frame rates, the aspect ratios

5 as shown by arrows (1) to (4) in FIG. 34A so that the 2D/3D
playback device reads the 2D/left-view AV stream file and the
right-view AV stream file in parallel. Accordingly, a long jump
occurs each time an extent to be read is switched as shown by
dash lines in FIG. 34A. As a result, it is difficult to keep

10 the timing of reading each file earlier than the timing of
decoding processing by a 3D video decoder, and thus it is
difficult to reliably continue seamless playback. In contrast,
in the first embodiment as shown in FIG. 34B, the 2D/left-view
LV stream file is divided into a plurality of extents 34013,

15 3401B, .., the right-view AV stream file is divided into a
plurality of extents 34022, 3402B, .., and the extents of both
the files are arranged alternately on the BD-ROM disc 101. Such
an arrangement of the extents is referred to as an interleaved
arrangement. The playback path is designed to run the extents

20 3401A, 3401B, 3402A, 34C2B, .., arranged in an interleaved manner
in turn, starting from the top extent as shown by arrows (1)
to (4) in FIG. 34B. Accordingly, the 2D/3D playback device can
alternately read both the files extent by extent without causing
a jump, and therefore the reliability of the seamless playback

256 can be improved.
[0166]

<<Conditions for Playback Time per Extent->
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and the resol utions respectively are not the sane, screen displays of the
| eft and right video i mages cannot be synchronized with each other. As a
result, it is not possible to display video i mages as 3D video i nages

wi t hout meking the 5 viewers feel unconfortable. [0180]

Alternatively, it is possible to add, to the video streamattribute
information relating to the right view stream a flag showng that it is
necessarydig7efer to the 2D/l eft-view AV 10 streamfile for decoding the
video stream Furthernore, information on the AV streamfile referred to

may be added tmhe/ifdaa ctikeaRiall Biekulii®R cohafimmbhenct! plafphcrasemeit is
possi bl e to judge an adequacy of the correspondence relation between the

| eft and gf ghtrideewsstegansomt &hnddeinfeddie ki eaahov e-Iiment enedndds$t i onal
information when it is checked whether or not the data to be recorded on

t he BD- RGQMadbshehal i Bbadi dpeame reéatweichcpe cos h inigorish p Speoicknedléppark i n t he
aut hori ng processing of the BD-ROM di sc 101. [0181] 20 "Entry Map for

Ri ght5vi evinSts eand H1GH8HcIFIRCISBA hacuB8E szhemmt éxtathly 3how ohetldat a
structure of the entry map 3622 of the right clip information file 3602
shown i n Z0/Ge36Bieas2¥dwredm fELG aB3 AN e B 2nap te2pightanievitry 25

map 3801 relating to the right-view stream (i.e. an entry ma% header whose
Pl D showR'bypteisarehils #ap FHebreenBer] seshoetbey)as AEra: 3g1 3161 2akh entry

point 3812 included in the entry map _ , ,
and a playback time of a video stream contained in the first

extent 3501 and the second extent 3502 are four seconds and one
10 second, respectively. Here, the playback path for 3D video
images alternately proceeds the extent 3501 and the extent 3502
of the respective files by portions having the same playback
time (e.g., one second) as shown by an arrow 3510 in FIG. 35A.
Accordingly, when extents of the files have different playback
15 time of video streams, a jump occurs between both the extents
3501 and 2502 as shown by dash lines in FIG. 35A. In contrast,
in the first embodiment as shown in FIG. 35B, an extent of the
2D/left-view AV stream file and an extent of the right-view AV
stream file adjacent to each other on the BD-ROM disc 101 contain
20 portions of the 2D/left-view stream and the right-view stream;
the portions are to be played back with the same timing. In
particular, the portions contained in the extents have the same
playback time. For example, the top extent 3501A of the
2D/left-view AV stream file and the top extent 3502A of the
25 right-view AV stream £ile have the same playback time egual to
one second; and the second extent 3501B and the second extent

3502B thereof have the same playback time equal to 0.7 seconds.
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3801 is equal to a value obtained by adding a PTS of each | picture
included in the 2D/l eft-view streamto the 3D display delay TD shown in
FIG 31A and FI G 313. Here, the PTS of each | picture is witten in the
entry map 3612 of the 2D/ left clip information 5 file 3601 as a PTS of each
entry point relating to the 2D/l eft-view stream Furthernore, a SPN 3814
including therein a picture of the right-view stream specified by each PTS

3813 is agspCi atednw thoanaERg B38L6 tegebheringt Anehep PTSf88¢8ew[A183]
10Furthernore, an extent start flag 3815 is added to each entry point 3812

as shown durdanGr 138AanBaehe Of i die-exé® v aldanf IFdQ 3845 cehenshahender or
not a SPN 3814 having the sane entry point 3812 shows a start position of
one of exieNt=2m6I2AYIGI2B iard ase anwaker adjamphe, taseshbwatharFl&s 38A,
the value of the 15 extent start flag 3815 is "1" in an entry point of

EP ID = G resuflhiat thasel avisashowth ekl Be 888jgncdatveur3'thef exhenSPN 3814
is equal to a SPN of a source packet that exists in the start position of
the exterts@E32A5080r BRU2ANn IFMRR r ackseQuanbial hy, BFROM i feorothe
Simlarly, since the value of the extent start 20 flag 3815 is "1" in the
entry poitnip eixtER B shovwa wal aeroyB00526f inhEISPN33B14A¢508duAaf Yo a SPN

of a source packet that exists in the start position of a subsequent extent
3632B. MgdwewaD/8D playback device can continuously read the AV stream

files without causing a jump when playing back 3D video images.
This enables seamless playback to be reliably performed.
10 [0168]
<<Top Extent in Recording Area of AV Stream File>>
[0169]
The top portion of every extent in the recording area for
storing an AV stream file contains an I picture of the
15 2D/left-view stream or a P picture of the right-view stream that
has been compressed with reference to the I picture as shown
in FIG. 30B. This allows the size of each extent to be determined
by using entry points in the clip information file. Accordingly,
a playback device can simplify the process of alternately
20 reading extents of a 2D/left-view AV stream file and =a
right-view AV stream file from the BD-ROM disc 101.
[0170]
<<Extent Sizes and Intervals>>
[0171]
25 The following will describe conditions for the lower limit
of the size of each extent and the upper limit of the interval

between extents. As described above, causing the 2D playback
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since the value of the extent start flag 3815 is "0" in the entry point of
EP ID =1, a value "1500" of the SPN 3814 is equal to 25 a SPN of a source
packet recorded in a position of each extent except for the start position.
Simlarly, the extent start flags are added to entry naps relating to the

video streamof the 2D/ left clip information file 3601. Therefore, the

2D/ 3D pl ayback device can obtain a size of each extent fromthe

cor r espongli Ng. Lxt QlarStAld1 f bag H WS e fHAERRS] Bdoflak 890kNgsar T oM t he
BD- ROM di ¢ 101 the AV 1y pady Ee!::si:by the 5 203D pl ayback device may be

sinplifiegdyd QLl84lires thiNsPEdids @Acrt Barentr ¥ e eader=3812i 0k the entry
map 3801 i ncludes an extent start type. The extent start type indicates

whi ch of rRNegxd eib O 1hhge2¥hoal trbevidMrain eatehi| A ZDannd ranaext eoh, of the
right-view AV stream file precedes on the track 201A on the BD- ROM di sc

101. Accaindl ngt¥rvhy wefwsdn ithe extbarexiehiz shalletyien the Rt BmDupl ayback
device can easily determ ne whether a playback request should be nade for
readi g, jumgd He sBBnREVEML), e, Rheoexdtienflyof thies 28% |@f teadleaxA¥nst ofam 15
file or the extent of the right-view AV streamfile. [0185]

Furt her notes 2mhdre fat-wikey 120D sofrealve faltemesdexitst Yeas®8 packbe vattedi ng a
top of the |I picture of the 2D/l eft-view stream an entry point should be
associ at egrualt hoaSPalrgert e 0 heourenpm ekéeernitnel gelicgd THa tES bagrat .
Simlarly, when at the top of the extents exists a TS packet including a
top of t e Pheiditaranad tohehe nght- o4 e & tiethe KK §1 4¢ PTS @8daF 188, a sum
of a PTS of the | picture of the 2D/l eft-view stream and a 3D di spl ay del ay
TD, an erithg iFsiervadnberryesd 58808XhEBRSWRERIENEC 23 SOF G ThE ¥BdPte
‘packet including the TS packet,. [0186] Note that an arTI%I,e sxﬂ/iltchi ng flag
may L1 pﬂ%®q(ﬁ§qu§g§gﬂ§he maximum jump value Sjump max- is allows the

2D playback device to seamlessly play back 2D video images from
the 2D/left-view AV stream file.
[0172]
Further conditions are required for an interleaved
15 arrangement of extents of 2D/left-view AV stream files and
right-view AV stream files in order to seamlessly play back 3D
video images therefrom. The conditions and a method for
appropriately arranging the extents are partially determined
from the capacities of read buffers included in the 2D/3D
20 playback device and the reading capability of a disc drive
included therein. A description thereof will be provided after
a description of an operational model of the 2D/3D playback
device.
{0173]
25 <Data Structures of Clip Information Files for 3D Video>
[0174]

The following describes data structure of clip information
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entry point instead of the extent start flag 3815. The angle switching flag
(not shown in FIG 38A or FIG 383) is provided to each entry map, and is a
1-bit flag indicating timng of angle switching at multi-angles. Wth the
extent start flag 3601 being 5 conpatible with the angle switching 1-bit
flag, a bit amount of the entry nmap as a whol e can be decreased. In that
case, the entry map header 3813 nay be provided with a flag indicating

whet her & ;h-dichafi 5dyd Sod No- e @XM 288 AU tst A 9N <l Beorangl ensmeighi ng
flag". By checking this flag, the 2D/ 3D pl ayback 10 device Can interpret
the neaniig - QAfadhembylist. Ehehdoenride £4d randramc.andpt her ef sseesitt t6€h the
processing pronptly. [018" 1] Note that a size of an extent of each

AV str earﬁﬂé%ﬁnﬂﬁﬁoh@n§ﬂﬂ£‘é fhed ddthoraBEitor €l {Harertrrfaramd helext ent
start flag 15 3815. For exanple, extent sizes of Al streamfiles may be

i sted amics! gbadshswaei dadat aticaued i ané D pairfafddieon Aibet tiseguence

i n one-to-one correspondence with an entry point of an entry nap may be
separ &t elis preepariededNwdnht he2hf leSequeawerV relicstre £ 11E" 368he (¢orr espondi ng
extent is at the top of the extents. Wen 20 the bit sequence indicates "0"
, the extzanleft mdtipainfhembbponfiibe Falent snd B188]3ePI=shdweck Deviice for
Pl ayi ng Back 3D Vi deo> [0189] 25The foll ow ng descri bes the playback device
(2D 3D plsiybariurevitd) dlia ipfaysafdc IDle dbsti AagesseeonielewBBI ROM
disc 101 in the first enbodi nent of the present invention, The 2D/ 3D

pl ayback a&viabE -NaswahS isteam Laley3 ¢ ¥entli -Gal ast+akt GléPwipROYHRE 2PN

pl ayback device shown in FIG 16 to FIG_18. Therefore, the _description
focuses &dEnSieO?)andngi 43'ed SHABC Y & SAFRANE Hhife CdeBc PHPFBAT 6Pt he

above-nentjoned 2D pl a%back .devi ce , ) , ,
10 file 3601 and the clip information file 3602 is basically equal

to the data structure of the clip file information that is
associated with the AV stream file storing therein 2D video
images shown in FIG. 9 and FIG. 10. However, 3D meta data 3613
iz added to the 2D/left ¢clip information file 3601. Furthermore,
15 a condition is made for the stream attribute information 3621
of the right clip information file 3602, and information is
added to the entry map 3622.
[0L175]
<<3D Meta Datas>
20 [0176]

FIG. 37A and FIG. 37B schematically show a data structure
of 3D meta data 3613. The 3D meta data 3613 is information used
for processing that adds depths to 2D video images that are
displayed by playing back the PG stream, IG stream and the

25 secondary video stream that are multiplexed into the
2D/left-view AV stream file. The 3D meta data 3613 includes a

table 3701 separately fxrom PIDs of the PG stream, the IG stream

92



5 is incorporated in the follow ng by reference. Regarding the playback
processi ng of 2D video inmages in accordance with the 2D playlist files that
define the playback path of the 2D video images (i.e. the playback
processing of the 2D playlist) , the 2D/ 3D pl ayback device has the sane
structure as the 2D pl ayback 10 device. The details thereof are
incorporated in the following by reference. The foll ow ng describes the

Pl ayback J1peRssl S0l 3P oilileo| pRaRs dnsAgeardanse i ih whersDupl gyl i st

files that define yback path of the 3D video inmages (i. e .

playlist @y Y 106eSHNIdes WO ity of pEiGs 38 shawssbheahgnction
bl ock of a 2D/ 3D pl ayback device 3900. The 2D/ 38 pl ayback devi ce 3900

i ncl udes @ BRERGM dekver 390kach Pragbackshdhd 2390941 aPd imeCORtH Dlatidi t
3900B. The playback unit 3900A includes a switch 3912, a read buffer (1) 20

3902, a rqad Hufest ohe 3Othe BG syskem,tdiget dacadeandH)d: asdoadptane
adder 3910. The control unit 3900B includes a dynam c scenari o nenory 3904,

a stasi c wiohnarsora®nnr§ga3906f facpr oglam evecutison unib8906f pipéayback
control unit 3907, a player variable storage unit 3908 and a user event
processi nprredpFDhg 2 Hedéspeackmehtt amophhyiackiioh ta 39064 amagt he
control unit 39003 is nmounted on a different integrated circuit.

Al t er nat i stedwn heehs dybaek cunthe 380 dand thre BEN7H2 disi sh3goes mmy be
mounted on a single integrated circuit. Since the control unit 39008,
especi al |3 hawst appiad digeetdorowhenoEe39bdeo tinaga dis €osveraciColReRDry
3905, the program execution unit 3906, the user event processing unit 3909
and the pt &ty arides émager age antef’s Yotk HAPER hENcd@AFSEAl Vetha8t ure
wi th those of the 2D pl ayback device shown in FIG_ 16. The detail s, thereof
are ithcorptary iH¢ MREUFOVPOWRRg ByPraFed &ft Rt [ HTSTHY CBDARAVERR ve
3901 includes the jdentical, el enents cmth 10 t he EDRO\/I drive 160i.i n the
2D pl aybaekEHevi VRl o3 i FrE et s Whh af 8o PIERESe S8 &Henfs V2L A8 BD- ROV

orve S50.1ends SR Lom e B ag A0 A0 Seha dneRibetle
1601 in the 2D 2K A9 E8ncbiteBR SRLIL MR 3P0k LTRSS, Whgn
a PTS of an offset entry #1 indicates 180000; a PTS of an offset
15 entry #2 indicates 270000; and a PTS of an offset entry #3
indicates 360000, an offset value +5 of the offset entry #1 is
valid in a STC range 37044 from 180000 to 270000, and an offset
value +3 of the offset entry #2 is valid in a STC range 3704B
from 27‘0000 to 360000. A plane adder 3710 of the 2D/3D playback
20 device (described later) shifts, in the horizontal direction,
the video image held in each of the PG plane, the IG plane and
the sub-video plane by an offset value with reference to the
3D meta data 3613 so as to convert the video image held in each
plane into a left video image and a right video image. Then,
25 the plane adder 3710 combines the video images held in the planes
into one video image. Thus, it is possible to generate parallax

images from 2D video images in each of the planes. That is, 3D
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15 Al streamfile read fromthe BD-ROM disc 101 to one of the read buffer
(1) 3902 and the read buffer (2) 3911. Wen the 2D/ 3D pl ayback devi ce 3900
pl ays back the 3D video i mages, the playback control unit 3907 nakes

requests to the BD-ROM drive 3901 for reading the 2D/l eft-view All stream
file and the 20 right-view All streamfile alternately in units of extents.
In response to these requests, the BD-ROM drive 3901 transfers data of the

20/ | ef t - YeoWrAbLr-SLHeaon [ddrepandhdiad @ codathen { 98bo VintiweAl Thetdeamilile to
the read buffer (1) 3902 and the read buffer (2) 3911, respectively. The

swi t ch 39k2ehé anshey sohBendatante 2o@ifhaesthebeaath bubfdisdjpt3oi? or the
read buffer (2) 3911, depending on whether the data is data of the

2D/l ef t - yrewmd lpisiHeeamddd e7ro data of the right-view All streamfile.
Thus, when the 2D/ 3D pl ayback device plays back the 3D video i nages, the
BD- ROM driioaey73901 needs to sinmultaneously read and transfers both the data
of the 2D/l eft-view AV streamfile and the data of the right-view AV stream
file 30 the restcduhbercoilelfd2in Hm 3Dheeteadabuf¥a3 2y B9lderted
respectively. Therefore, an access speed faster than an access speed of the

BD- ROM drihiwelased, dont hea@plpl ayeticdadiedi tee PEDeedtitted theranasy BROM
drive 3901. [0192]
process of the 3D meta data by the 2D/3D playback device can

be simplified. Alternatively, a condition may be added that the
length of the valid section of the offset entry is one second

10 or longer, for example, in view of a performance of plane
combination processing by the 2D/3D playback device.
f0178]
<<StreamAttributes Information Relating to Right View Stream>>
[0179]

15 Video stream attribute information 902B relating to the
2D/left-view stream shown in FIG. 10 (i.e. the video stream
attribute information 902R that is associatedwith PID = 0x1011),
should be matched with the video stream attribute information
relating to the right-view stream (i.e. the video stream

920 attribute information that is associated with PID = 0x1012).
Specifically, a codec 9021, a frame rate 9024, an aspect ratio
9023, and a resolution 9022 of the video stream attribute
information relating to the 2D/left-view stream and these of
the right-view stream should be the same. If the codecs are not

25 the came, a reference relation among the video streams at the
time of encoding does not work out. Therefore, the pictures

cannot be decoded. Also, if the frame rates, the aspect ratiocs
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The read buffer (1) 3902 and the read buffer (2) 3911 are 10 buffer
menories that share a nenory elenent in the playback unit 3900A. Different
areas in the single nmenory elenment built in the playback unit 3900A are
used as the read buffer (1) 3902 and the read buffer (2) 3911,
respectively. Alternatively, each of the read buffer (1) 3902 and the read
buffer (2) 3911 may 15 be provided in a different nenory el enent. The read

buf fer (Lha390% stosesutensi rekbecdat19f dhe 26¥ | eht- Wagly Asstaam fil e
transferred fromthe BD-ROM drive 3901. The read buffer (2) '3911 stores

therein tfigdaka obrt hensi ghirtvi ewaALs¢heamrfdde timapsker catdnbtormé he
BD- ROM drive 3901. 20[ 0193] Recei ving a request fromthe program

execut i o wHiiHr380&d arkhexadnl echépr perd aduly t he 3D pbayosdiplayback
processi ng, the playback control unit 3907 refers to the 3D playlist file
stored i nd Besptlati ¢ideenanage gD 9@ catinbigest wiEbpuexaabieg 25 as
showmn in FIG 27, the 3D playlist file 2502 defines a main path 2502M and a
subpat h 2562 rSuflesdquentdnyf ottt ld .ayback control unit 3907 reads pieces of
playiteminformation #1 to #3 in order fromthe main path 2502M and
speci fy 2Y&flt -view AV streamfiles LCL AV#1 to LCL AV#3 in order with use
of the pieces of playiteminformation #1 to #3. In parallel with that, the
pl ayback cont Pelitanniat Booy f ditt herpessddel pitecaddoftS g VhAge Teheam
information #1 to #3 in order fromthe subpath 25025, and sp ECIfé
ri ght - vi ewwl@{treeaﬁmfpm%lmr%ﬁﬂl%tLOth%\;fﬂéi%Ve;?He?tW% Gseld¥ the
pi eces of sub- pléﬁiten1|nfornat|on #1 to Then g Pg égack conpt rol
unit 3907FMRIEY diiadcdds s st §SFRESELH O §8 REr 8 FBﬁD D/ 3805, VaRY Téfers to
the 10 stream file for decoding the video stream. Furthermore,
information on the AV stream file referred to may be added to
video stream attribution information. In that case, it is
possible to judge an adequacy of the correspondence relation
between the left and right-view streams with use of the
15 above-mentioned additional information when it is checked
whether or not the data to be recorded on the BD-ROM disc 101
has been c¢reated according to a specified format in the
authoring processing of the BD-ROM disc 101.
[0181]
20 <<Entry Map for Right-view Stream>>
[0182]
FIG. 382 and 38B schematically show the data structure of
the entry map 3622 of the right clip information £ile 3602 shown
in FIG. 36B. As shown in FIG. 38A, the entry map 3622 is an entry
25 map 3801 relating to the right-view stream (i.e. an entry map

header whose PID shown by the entry map header 3811 is 0x1012).

A PTS 3813 of each entry point 3812 included in the entry map
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10 entry maps 3612 and 3622 shown in FIG 11 and FI Gs. 38A and 383 incl uded
inthe clip information files 3631 and 3632 that are associated with the AV
streamfiles shown in FIGs. 36A and 36B. Then, the playback control unit
3907 determ nes which of the 2D/l eft-view stream and the right-view stream
an extent at a 15 playback start point belongs to, based on the extent

start type witten in the entry map header 3813, and determ nes an initial

POSi ti0n o1t he 3ahiChy é%azluéataﬁsqaeatwadamg pl aybagkegentr pictinié 3907
makes a request to the BD-ROM drive 3901 for a?ternately readi ng the

extents afpdiiRieDihefhe e M St 8RB kestRadb D ke spitgntislal The
right-view All streamfiles fromthe playback start point, starting-with a

file det gyawiednt eTENCl WdaddeTextam. AbrehethbaybRcE skbatt Ippioturdf ter
the BD-ROM drive 3901 transfers the whol e extent at the playback start

poi nt fram e cBEnRAM-tei sec 3PGht el heofr ead IfIeft Cl)i3902026abionhe read
buffer (2) 3911, the BD-ROM drive 3901 transfers

5 file 3601 as a PTS of each entry point relating to the
2D/left-view stream. Furthermore, a SPN 3814 including therein
a picture of the right-view stream specified by each PTS 3813
is associated with an EP ID3816 together with the PTS 3813.
[0183]

10 Furthermofe, an extent start flag 3815 is added to each
entry point 3812 as shown in FIG. 38A. Each of the extent start
flag 3815 shows whether or not a SPN 3814 having the same entry
point 3812 shows a start position of one of extents 3632A, 3632B
and so on. For example, as shown in FIG. 38A, the value of the

15 extent start flag 3815 is “1” in an entry point c¢f EP_ID = O.
In that case, as shown in FIG. 38B, a value “3” of the SPN 3814
is equal to a SPN of a source packet that exists in the start
position of the extent 3632A recorded in the track 201A of the
BD-ROM disc 101. Similarly, since the value of the extent start

20 flag 3815 is “1” in the entry point of EP_ID = 2, a value “3200"
of the SPN 3814 is equal to a SPN of a source packet that exists
in the start position of a subsequent extent 3632B. Meanwhile,
since the value of the extent start flag 3815 is “0” in the entry
point of EP_ID = 1, a value “1500” of the SPN 3814 is egual to

25 a 8PN of a source packet recorded in a position of each extent

except for the start position. Similarly, the extent start flags

are added to entry maps relating to the video stream of the
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the extent fromthe read buffer (1) 3902 or the read buffer (2) 3911 to the
systemtarget decoder 3903. In addition to such processing, the playback
control unit 3907 reads the 3D neta data 3613 shown in FIG 37A and FIG
37E fromthe 2D/l eft clip information file 3631 stored in the static
scenario nmenory 3 905 , and transfers the 3D neta data 3613 shown in FIG
37A and FIG 5 37B in the plane adder 3910. [0194] Firstly, the

system t afrgat. rdecoter 3903 4RadsHrSoHIte Pawket sTRbierpatel il om tie
2D/l eft-view All streamfile transferred to the read buffer (1) 3902 and

the rightsiuvemcl |addi &d ream bka it ansé e14 edet eathe axgachtbuff@r (29 3911
Then, the systemtarget decoder 3903 denul ti pl exes these read source

packets &ﬁ%@é\j’c&ﬂﬂr@ eSRERE Y sshireanEl {4 BB Dhe Fhokherprdudhseiqueentty, the
systemtarget decoder 3903 decodes each of the elenentary streans

separ at elnsadiitid he&rmmm ehet BE-RPEt @451 ¢ AF gette dar edereaB0E3 lwsi bestlae decoded
2D/l eft-view stream a decoded right-view stream a decoded secondary vi deo
streasn ajedogddifack rdsam endnay desoslsdp PEs¢deam into built-in dedi cated
menories that are a 2D/l eft video plane nenory, a right video plane nenory,
a sub-vi dedgfilane nenory, an |G plane 20 nenory and a PG pl ane nenory,
respectively. The details of the systemtarget decoder 3903 are descri bed

| ater. [0195] Irhedsidrieoraddére 390GV dedl Viesden PEiL @ifdéseprRREYJERR, ri ght

vi deo pl ane data,_ sub-video plane data, |G plane data, 25 PG pl ane data and
i mge pl &fOdatacladels caRbickeettheleaat AYPFecdd s g YHe e FYBfe or

field. The conbi ned video data is outgutted to the display devi cg,}03 to be
di ‘spl ayed]_l'b}il_qqrf@s which of an extent of the 2D/left view AV stream file

10 and an extent of the right-view AV stream file precedes on the
track 201A on the BD-ROM disc 101. Accordingly, by referring
to the extent start type, the 2D/3D playback device can easily
determine whether a playback request should be made for reading,
to the BD-ROM drive, the extent of the 2D/left-view AV stream

15 file or the extent of the right-view AV stream file.

[0185]

Furthermore, when at the top of the extents exists a TS
packet including a top of the I picture of the 2D/left-view
stream, an entry point should be associated with a SPN of the

20 source packet including the TS packet. Similarly, when at the
top of the extents exists a TS packet including a top of the
P picture of the right-view stream having a PTS equal to a sum
of a PTS of the I picture of the 2D/left-view stream and a 3D
display delay TD, an entry point should be associated with the

25 SPN of the source packet including the TS packet.

[018€6]

Note that an angle switching flag may be provided to each
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screen. [0196] FIG 40 is a schematic diagram show ng a superi nposi ng
process of plane data pieces by the plane adder 3910. Each of 5 the plane
data pieces are superinposed in order of 2D/l eft video plane data 4001,
right video plane data 4002, sub-video plane data 4003, |G plane data 4004,
PG pl ane data 4005 and i nage pl ane data 4006. Specifically, the plane adder
3910 reads the 2D/l eft video plane data 4001 and the right video plane data

4002 froahéﬁ?gt gsiﬁxsm&é_&ags& gre0der = 3003 a AN 0: W d tas1 4 her2D/diefite Vi deo
pl ane data 4001 and the right video plane data 4002 into the planes at

tines shgyhtbyihher PISs(mbc thedatian precessa lef @1cas388PWs igrdtided1A and
FIG 313, a PTS of the 2D/l eft video plane data 4001 and a PTS of the right

vi deo pl ape=#leh and@9nas e ahd db f erent fud bedd3bzdiagltaynidet ay aiyle
Therefore, the 2D/ | eft
switching at multi-angles. With the extent start flag 3601 being
5 compatible with the angle switching 1-bit flag, a bit amount
of the entry map as a whole can be decreased. In that case, the
entry map header 3813 may be provided with a flag indicating
whether a 1-bit field is the "extent start flag" or the “angle
switching flag". By checking this flag, the 2D/3D playback
10 device can interpret the meaning of the 1-bit field on the entry
map, and therefore switch the processing promptly.
[0187]
Note that a size of an extent of each AV stream file may
be specified by information different from the extent start fiag
15 3815. For example, extent sizes of AV stream files may be listed
and stored as meta data ina clip information file. Abit sequence
in one-to-one correspondence with an entry point of an entry
map may be separately prepared. When the bit sequence indicates
"1v, the corresponding extent is at the top of the extents. When
20 the bit sequence indicates "0", the extent is not at the top
of the extents.
[0188]
<Playback Device for Playing Back 3D Video»
[0189]
25 The following describes the playback device (2D/3D
playback device) that plays back 3D video images from the BD-ROM

disc 101 in the first embodiment of the present invention. The
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vi deo pl ane data 4001 and the right video plane data 4002 are witten into
the planes alternately at an interval TD. At that time, a switch 4010 in

t he pl ane adder 3910 determ nes which of the plane data in the 2D/l eft

vi deo pl ane nmenory ‘and the plane 20 data in the right video plane nenory is
witten at a time shown by the PTS, and reads the determ ned plane data
fromthe correspondi ng plane. Therefore, sw tching between plane nenories

by the swif/ah éQ%Qb?.ékpéévﬁéér%@ta thgstatervahTRicA { E4 Staaddery A011
conbi nes “the r ane data (the 2D/l eft 25 video plane data 4001 or the

right vi %%hp&@é‘%%@ﬂ&g@he%% Sthses vh-midlegs plames daka A0S farg, a
second adder 4012 conbi nes the conbined data with the PG plane data 4004, a

third addere ¢4@t3igenbinneschiescerbenedotdabadwiihréhend&s pienes thadm, 4005,
and finally a fourth plane adder 4014 conbi nes the conbined data with the

i mage pl apg dakaddo06ipByocaush wrrhibaais -aRiirieeess es, pvagsack nkgescshown by
the planes are displayed on the screen 5 in a manner that the video i mges
in the 204 ehicotipdeatpldane ahet Belibghhovbgene peaarcet hkegabdimgethpl ane;
the I G plane; the PG plane; and the imge plane are superinposed onto one
anot her iplayteskopdercesEig7bf 2D video images in accordance with the
2D playlist files that define the playback path of the 2D video
images (i.e. the playback processing of the 2D playlist), the
2D/3D playback device has the same structure as the 2D playback
10 device. The details thereof are incorporated in the following
by reference. The following describes the playback processing
of 3D video images in accordance with the 3D playlist files that
define the playback path of the 3D video images (i.e. 3D playlist
playback processing).
15 [01590]
FIG. 39 shows the function block of a 2D/3D playback device
3900. The 2D/3D playback device 3900 includes a BD-ROM drive
3901, a playback unit 39002 and a control unit 3900B. The
playback unit 3900A includes a switch 3912, a read buffer (1)
20 3902, a read buffer (2) 3911, a system target decoder 3903 and
a plane adder 3910. The control unit 3900B includes a dynamic
scenario memory 3904, a static scenario memory 3205, a program
execution unit 3906, a playback control unit 3907, a player
variable storage unit 3908 and a user event processing unit 3909.
25 Here, each of the playback unit 3900A and the control unit 3900B

is mounted on a different integrated circuit. Alternatively,

the playback unit 39004 and the control unit 3900B may be mounted
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10The pl ane adder 3910 further includes four cropping processing units 4021
to 4024. Wth use of the 3D neta data 3613, a first cropping processing
unit 4021, a second cropping processing unit 4022 and a third cropping
processing unit 4123 perform croppi ng processing on the sub-video pl ane
data 4003, 15 the PG plane data 4004 and the |G pl ane data 4005,
respectively. Subsequently, each of the copping processing units 4021 to
4024 convgrts - i5N L Vi and .ri i deo

pl ane dat%ﬁa fggﬁggé 3$e %%?HeggﬁbgﬁEblgﬁggggggggxﬂg%%ﬂt%%i5lggg8%bines :

the left i ; e agWhthith f Ldeo ne a; t he
right vid%%gﬁgaﬁ£ﬂgaggﬁaI? %ﬁégrﬁaﬁﬁ%f%%o%%?gk d%?gé,[6%%%]stéﬂgc FI G

41A and H&anddB; seheimf 568k s pwWoeh-aRPERECRE P& S8R0 BY s 2agl akethe
croppi ng processing units 4021 to 4023. 25 Each of FIG 41A'and FIG 41B

shows an @%@ﬁ@'ﬁdﬁes@gﬂ@hﬂﬂtwm&&hn@q@?lfa@idﬁdaﬁﬂabklé SteRianandata 4004
by the second cropping processing unit 4022. Firstly, the second cropping

processi ngo oidaA)2Restpsthesa I et ridie w3’ weth wadse 3£08hé el pllayBssRCci at ed
with the PID = 0x1200 of the PG streamfromthe 3D neta data 3613 shown in
FI G 37A aadidd Gh3a3.inTlrae,. Lhe 'Bleeaiwk 1 Dppihsg- qurideeesst agoupbi-a4822
searches for an of fset entry 3704 5 that is currently valid fromthe 3D
net a dat ail37Qie andlaciogrieg mafefésee.val ue 3703. |If video plane data to
be combined with the PG plane data 4004 is 2D /left video plane data 4001,
the seconf0t?bbpi ng processing unit 4022 shifts the PG plane data 4004 in a
hori zontal direction with respect to the 2D/1eft video 10 pl ane data 4001
by the nunber BheBXRWM dotvedididingludesidiaidantegasfdbenents wet1011,
as shown in FIG 41A At that tine, if the offset_value is positive, the
secorl cr®ppidRy FrbcEssiang i 14022 3Riplayhaek peplem ety 084Gt o t he

right, and if_the offset value is negative, the second cropping processing

15 unit 4b%2 WY PES1He PESH Rhfeit s, FOG4BP RPN oI 3984 APEF, the
G ol anc. HR0H FoDAT T SN G TSN G (80 HHRRAS CIAEE 001,
dth I dder 4 ' i ni 4 f th
PG pl ane. G4 & ABGF N K- EFEL 30Ty TerTe SF 0 e Eh AEr S 0T Kedhlft Lo,
when th ' [ h ight v I 4002, - th d
croppi ng T ot eonhanPeEndet e 1 K pY-HER BLFRE J00F st el 38 Conc

direggl 0”%\‘{IF§.I€I¢é£§E§‘§Lte &Qa&hf’rétérh@ﬁe ?ébg%%gapégggff@i ‘I:o4g>9§ec?¥ e r'%%ﬁbﬂ] of

pi xel's 41 corresponding to e acquire et v as shown

FIG 41B. atqii t Rands i fhe pif s I [ itive,
t he secon%é%rs%%p%}g %?%%2"?%‘? %éanﬁubg%ozz sﬁ#fgs) %h%lpG%{)qe\gﬁgﬁ%atzg/%g& to

the left, pi1apdatk WRei0kf spdoyabigyts HaRAAtiNE, 3DN& RELONELELORPI R
processi ng unit 4022 shifts the PG?pIane data 4004 to the right.

Subsequenpl yybask Wdrht 4 BHGY e-otENhhRBedregARREBOL HI1O6L£ 3R MM dhe veecond
croppi ng processing unit 4022 renoves (crops) an area
3901 for reading the 2D/left-view AV stream file and the
20 right-view AV stream file altermately in units of extents. In
response to these requests, the BD-ROM drive 3901 transfers data
of the 2D/left-view AV stream file and data of the right-view
AV stream file to the read buffer (1) 3902 and the read buffer
(2} 3911, respectively. The switch 3912 transfers the data to
25 either the read buffer (1) 3502 or the read buffer (2} 3911,

depending on whether the data is data of the 2D/left-view AV

stream file or data of the right-view AV stxream £file. Thus, when
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5 4102R of the PG pl ane data 4004 that extends out of the right video plane
data 4002, and the second pl ane adder 4012 conbi nes a renmai ning data area
4103R of the PG plane data 4004 with the right video plane data 4002.
Simlarly, the third cropping processing unit 4023 and the first cropping
processing unit 4021 10 al so performthe cropping processing on the I1G

pl ane data 4005 and the sub-video plane data 4003, respectively. [01991

FIG 42A and Jf Gp $4Bysehematisall ﬁé{}%&éﬁ&tt@@% iv%teoZ?mgi;,Qﬁ? LHBges

t hat have been supeérinposed after e croppi ng 15 processing~shown in FIG

41A and HfardM Birespenil vRlads aRd shhGl t4d60h:319 sehemhkcrdhagEapy show ng
a 3D video i mage that has been generated fromthé 2D video inmages, and is

vieved bybdtie sHeWRta b phanes/ferctheclely e @ RGpl@RBe4dRLal S
shifted to the right with respect to a left video plane 4201L 20 by the

of f set vabfiecH Qilgtas-hawni std<am 42Ae thetekoreadabvueferanea 3863L of
the PG pl ane 4202 appears to be superinposed on the left video plane 4201L.
As a besudnd the2f2ad dedfemag@e 4204, dfedgre-tsinbilivt | eReirBfbbe, RO ptases4202
appears to be shifted to the right froman original position by the offset
val ue 41Cihee@Sdstept ahes hor athesei ghtedidechomirOMichdrvehaadl dhe PG
plane the 2D playback device is required for the BD-ROM drive 3901.
[0192]
The read buffer (1} 3902 and the read buffer (2) 3911 are
10 buffer memories that share a memory element in the playback unit
3900A. Different areas in the single memory element built in
the playback unit 3900A are used as the read buffer (1) 3902
and the read buffer (2) 3911, respectively. Alternatively, each
of the read buffer (1) 3902 and the read buffer (2) 3911 may
15 be provided in a different memory element. The read buffer (1)
3902 stores therein the data of the 2D/left-view AV stream £file
transferred from the BD-ROM drive 3801. The read buffer (2) 3911
stores therein the data of the right-view AV sgtream file
transferred from the BD-ROM drive 390C1.
20 [0193]
Receiving a request from the program execution unit 3906,
for example, for performing the 3D playlist playback processing,
the playback control unit 3907 refers to the 3D playlist file
stored in the static scenario memory 3905 at first. For example,
25 as shown in FIG. 27, the 3D playlist file 2502 defines a main

path 2502M and a subpath 25028. Subsequently, the playback

control unit 3907 reads pieces of playitem information #1 to
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4202 is shifted to the left with respect to right video plane 4201R by the
of fset value 4101R as shown in FIG 42B, a right area 4203R of the PG

pl ane 4202 appears to be superinposed on the right video plane 4201R As a
result, the 2D video image 4204 of subtitles in the PG plane 4202 appears
to be shifted to the left froman original position by the offset val ue
4101R. 5 Consequently, as shown in FIG 42C, a 3D video i mage 4204 of the

subtit| es;ARPEAFSet OF R TS GE 1 HOpALMi £¥WIM 4200 tRaRi 2y Vi HEDe BL 2PEe4206.
Thus, it is possible to play back parallax i mges by géenerating the a pair

of left andstrehin pliase dataspieces feomoepe phanesdata i ege o £heuse of
the cropping processing. 10 That is, a depth can be added to nopnoscopic

vi deo. | rpigadds el prayitem S iressidd oot @¢1atb oy t he pdevEre1 &iseethie,
nonoscopi ¢ vi deo poppi ng out fromthe screen. [0200] The foll ow ng

descri bestHd CGpl4@bathe ¢omgeohl anei tdat®o4006utbhes abisddegikyedecodi ng,
with use of the systemtarget decoder 3903, the graphics data transferred
from % he sriogrlamicerc utn forrmani 101390 to $heisystéart Arget tdecsdepaBB03. The
graphics data is raster data such as JPEG data or PNG data, and shows a GU
gr aphi cs 3tasS sueihd aspracidyu.r iBig: foilew hA¢r eppeay dridees RQlg o Untod 4024
performs the cropping processing on the i mage plane data 4006 as with other
cr oppi ng IHade8s] nfnumrds402dth 0uge23 L Hebevedecesl e she-plapitemoppi ng
processing units 4021 to 4023, the fourth cropping processing unit 4024
reads thelfISERCIRA tié FF drh- ofpRt tihﬁf@wéw@ﬁ iofli edi by D pralram AP
4030 instead 25 of the 3D neta data 3613. Here, the program APl 4030 is

execut ed BY 2CAESHr bYraiR EXEEAC BRETAF LT TARF Pas2 B IR TD A oEhe
calcylating offset information co:hrgespondi ng t.Q aagflgth of _ the video inage

shown’ by $He Mapli ¢S datia v SPQNEF ePri Hy: e 2BP SEES 1 %t A& 05t o the
above- st ARG BISLASS TG, ChE BRARETSChNer - SO10° GL) FOFRE S es: AGof
conver ti nd A0 QULPAL (0r FRL A7 SRl 2028 U RSO PELsDY3 L8P ERP! 2N
Then, the playback control unit 3907 determines which of the
2D/left-view stream and the right-view stream an extent at a
15 playback start point belongs to, based on the extent start type
written in the entry map header 3813, and determines an initial
position of the switch 3912. Subsequently, the playback control
unit 3907 makes a regquest to the BD-ROM drive 3901 for
alternately reading the extents of the 2D/left-view AV stream
20 files and the extents of the right-view AV stream files from
the playback start point, starting with a file determined to
include the extent at the playback start point. After the BD-ROM
drive 3901 transfers the whole extent at the playback start
point from the BD-ROM drive 3901 to the read buffer (1) 3902
25 or the read buffer (2) 3811, the BD-ROM drive 3901 transfers

the extent from the read buffer (1) 3902 or the read buffer (2)

3911 to the system target decoder 3903. In addition to such
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into a format that conplies with a 3D display nethod adopted in a device
such as the display device 103 to which the data is outputted. If an
alternate-frame sequencing nethod (i.e. a 10 nethod for allow ng the viewer
to view |l.-eft video images and right video inages alternately with use of
shutter glasses) is adopted in the device, for exanple, the plane adder
3910 out puts the conbi ned pl ane data pieces as one frame or one field.

Meanwhi | @rddefs 1S hochd hotta s a&diftdCulal 2y eaadophed3b5mkRat he
device, for exanple, the plane adder 3910 conbines the left and right plane

dat a pi ecescaviien PRGOS ©fc oner A beldret Vi deor dah and bh userobithe
built-in buffer nenory. More specifically, the plane adder 3910 tenporarily

stores anchfwitst ihereie 34w kebtedideonpl s dakaehhat ohasndeen sognbi ned
first 20 with the video data in the own buffer menory. Subsequently, the

pl ane addetid 39Hhcas nde Bhemetghiatd deq pavendahar et B thend dea.dat a,
and further conbines the resultant data wth the
5 37B in the plane adder 3910,
[0194]

Firstly, the system target decoder 32903 reads source
packets alternately from the 2D/left-view AV gtream file
transferred to the read buffer (1) 3902 and the right-view AV

10 stream file transferred to the read buffer (2) 3211. Then, the
system target decoder 3903 demultiplexes these read source
packets to separate elementary streams from one another.
Subseguently, the system target decoder 3903 decodes each of
the elementary streams separately. Furthermore, the system

15 target decoder 3903 writes a decoded 2D/left-view stream, a
decoded right-view stream, a decoded secondary video stream,
a decoded IG stream and a decoded PG stream into built-in
dedicated memories that are a 2D/left video plane memory, a
right video plane memory, a sub-video plane memory, an IG plane

20  memory and a PG plane memory, respectively. The details of the
system target decoder 3903 are described later.

[0195]

The plane adder 3910 receives 2D/left video plane data,
right video plane data, sub-video plane data, IG plane data,

25 PG plazne data and image plane data, and combines these data

pieces into one video frame or field. The combined video data

is outputted to the display device 103 to be digplayed on the
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| eft video plane data held in the buffer nmenory. In the conbining
processi ng, each of the left and right plane data pieces is 25 divided, in
a vertical direction, into small rectangle areas that are | ong and thin,
and the small rectangle areas are arranged alternately in the horizontal
direction in one frane 109 or one field so as to re-constitute the frane
or the field. In such a manner, the plane adder 3901 conbines the left and
right plane-&ata pieces with one frame or one field of video data, and then
out puts the conbined data. 5[0202] "Configuration of System Target Decoder"”
[ 0203] [01941 G 43 is a functional block diagramof the systemtarget
decoder 3903 shown in FIG 39. The follow ng explains the system 10 target
decoder 3903 wid. red efencedieedd €5 c 431 adpBngshbeiggnposepesiapothgsyst em
target decoder 3903, the secondary video decoder, the |G decoder, the PG
decoder, pimcgss ndr plamei dadecptlecestbe see qridarey aalddiro 3dacadeacht be audi o
m xer, the inage processor, and the plane nenories are simlar to those

i ncl udled % pdankelRx pliiaybackr-aevpee ispowmed inEix@erl8f 2Au/darfti nylge

expl anati ons about details of the conponents can be found in the

expl anat iLREHERtY KE9E , shbght i WiEEG PIBne [GAM K 0DiZe subr-védgepadkaei zer

(1) 4311 reads source packets from
data 4003, IG plane data 4004, PG plane data 4005 and image plane

data 4006. Specifically, the plane adder 3910 reads the 2D/left
video plane data 4001 and the right video plane data 4002 from
10 the system target decoder 3903, and writes the 2D/left video
plane data 4001 and the right video plane data 4002 into the
planes at times shown by the PTSs of the data pieces. Here, as
shown in FIG. 31A and FIG. 31B, a PTS of the 2D/left video plane
data 4001 and a PTS of the right video plane data 4002 are
15 different by the 3D display delay TD. Therefore, the 2D/left
video plane data 4001 and the right video plane data 4002 are
written into the planes alternately at an interval TD. At that
time, a switch 4010 in the plane adder 3910 determines which
of the plane data in the 2D/left video plane memory and the plane
20 data in the right video plane memory is written at a time shown
by the PTS, and reads the determined plane data from the
corresponding plane. Therefore, switching between plane
memories by the switch 4010 is performed at the interval TD.
A first adder 4011 combines the read plane data (the 2D/left
25 wvideo plane data 4001 or the right video plane data 4002} with
the sub-video plane data 4003, and a second adder 4012 combines

the combined data with the PG plane data 4004, a third adder
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20 the read buffer (1) 3902, fetches TS packets included in the source
packets, and transmts the TS packets to the PIDfilter (1) 4313.

Simlarly, the source depacketizer (2) 4312 reads source packets fromthe
read buffer (2) 3911, fetches TS packets included in the source packets,
and transmts the TS packets 25 to the PIDfilter (2) 4314. Each of the
source depacketizers 4311 and 4312 further adjusts the tinme of transferring

the TS pagkel $onblndeC ehdarempidd Hhe ALStef thie 1&0dl S8 PaSKet oo T hi s
adjustnment is nade in the same manner as nade by the source depacketizer

1810 showmnd pikh Gy BBfolhus ghendatakked eXploatde@nté o iadiqusirent made
for FIG 18 is incorporated in the follow ng by reference. 5[0205]

First, thet? Bhtiilnegse a8 cseheots, B ruparongihhe it PackeatSeout put
fromthe source depacketizer (1) 4311, TS packets having a PID that matches
a Pl D pr enideus liynages ghatwed byy theeppbagbaekecditpthyed bn30Rd. sdNexén t he
PIDfilter (1) 4313 10 transfers the selected TS packets to the TB (1)
4301,5 t hersecondaey vihdé dbeosedeot hmagE€sdénodke, 2DHéePG diédedgrlande audi o
decoder or the secondary audi o decoder of the 3D video decoder 4315,

dependi ngrofhehaiphd gidekerI8ngackbe. s8bniviidebyplehe ; PtBef iGtplart®) 4314
transfers the TS packets, output from 15 the source depacketizer (2) 4312,
to the dééBdélSs Plador dity &y theedm Planesaie TP phtkeesedeptlo agnghown in
FIG 293, the right-view AV streamfile 2902 includes only the right-view
stream PRRERSORT AEISDGAIRH i st pl ayback, the PID filter (2) 4314
transfers the.TS packets mainly to the TB (2) 4308 of the 20 3D video
decoder 4915711 0206]

10 The plane adder 3910 further includes four cropping
processing units 4021 to 4024 . With use of the 3D meta data 3613,
a first cropping processing unit 4021, a second cropping
processing unit 4022 and a third cropping processing unit 4123
perform cropping processing on the sub-video plane data 4003,
15 the PG plane data 4004 and the IG plane data 4005, respectively.
Subsequently, each of the copping processing units 4021 to 4024
converts the plane data into left video plane data and right
video plane data alternately. Then, each of plane adders 4011
to 4013 combines: the left video plane data with the 2D/left
20 video plane data; and the right video plane data with the right
video plane data.
[0198]
FIG. 41A and FIG. 41B schematically show cropping
processing by each of the cropping processing units 4021 to 4023.
25 Each of FIG. 41A and FIG. 41B shows an example of cropping
processing performed on the PG plane data 4004 by the second

cropping processing unit 4022. Firstly, the second cropping
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As shown in FIG 43, the 3D video decoder 4315 includes a TB (1) 4301, an
MB (1) 4302, an EB (1) 4303, a TB (2) 4308, anMB (2) 4309, anEB (2) 4310,
abuf f erswi t ch4306, a conpressed 25 video decoder 4304, a DPB 4305, and a
picture switch 4307. The TB (1) 4301, the MB (1) 4302, the EB (1) 4303, the
TB (2) 4308, the MB (2) 4309, the EB (2) 4310 and the DPB 4305 are al

buffer nenories, each of which uses an area of the nenory chips included

in the 3R Y dee drCogdar 4313 s@%&%hte@atfof‘roﬂﬁeoﬁpeﬁé’ﬂaoéaﬁﬁ!%ﬁ‘oPuﬂflfl@i

menories may use different one of the nenory chips and be isolated fromthe

others. 5[02@8bciated WMENTBREIPTAIDIn:FELH) &S the packetsatmhatohnehaide a
2D/l eft-view streamfromthe PID filter (1) 4313, and tenporary stores the

TS packetz:p mdbe d¥Ba( 1914 30Dvst Oh eI RES7 packet sG I eomNsThes| ethd sopide TS
packets stored in the TB (1) 4301. 10 Note that the TS headers of the TS
packet s amegdmmyvpdonbenihbeuTB: @hp24304rthaasfoar antdier et @ntayt heodB (1)
4302. The EB (1) 4303 extracts coded video access units fromthe PBS
packet s amchtsisrmesrdremy Maflédt fradm tthe PESdizadets 3101 henBEs@ackess are
renoved when the MB (1) 4302 transfers the data to the EB (1) 154303.
[0208] an offketTBallE 2308.refeiidso 8 g ikistts: ttipabei aohbdned wight - vi ew
streamfromthe PIDfilter (2) 4314, and tenporary stores the TS packets.
The MB ( Bhe4B09oritpeedaPRSE pAt kit 220 eddovwdids Priemet Aet#S4patketBe st or ed
in the TB (2) 4308. Note that the TS headers of the TS packets are renoved
when t he SERQY) IR iNCaREPELSSiRg Hath 022 RhNE-§ DhesBGoriFRe ER/ER2) 4310
extracts coded video access units fromthe PBS packets and stores _them

Not e t hatt 0%el PENAELERE 2T FRE PR PAERFRSRREL 55 TRASHd SHehidhe MB (2)

4 ransfer h EB (2) 4310.
30916 apslaenes citat% d4%t0% (3)/ E:?l% nu e%: o% gixels corresponding to the

acquired offset value 4101L, as shown in FIG. 41A. At that time,
if the offset value is positive, the second cropping processing
unit 4022 shifte the PG plane data 4004 to the right, and if
the offset value is negative, the second cropping processing
15 unit 4022 shifts the PG plane data 4004 to the left. Subseguently,
the second cropping processing unit 4022 removes (crops) an area
4102L of the PC plane data 4004 that extends out of the 2D/left
video plane data 4001, and the second plane adder 4012 combines
a remaining data area 4103L of the PG plane data 4004 with the
20 2D/left video plane data 4001. Meanwhile, when the video plane
data is the right video plane data 4002, the second cropping
processing unit 4022 shifts the PG plane data 4004 in a
horizontal direction with respect to the right video plane data
4002 by the number of pixels 4101R corresponding to the acquired
25 offset value, as shown in FIG. 41B. At that time, on the other
hand, 1f the offset wvalue is positive, the second cropping

processing unit 4022 shifts the PG plane data 4004 to the left,
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[ 0209] The buffer switch 4306 transfers the video access units
stored in the ES (1) 4303 and the ES (2) 4310 to the conpressed video
decoder 4304 at the times of the DTSs indicated by the original TS packets.
Here, the buffer switch 4306 may receive 5 the decode switch information
3201 included in the correspondi ng video access unit 3200 shown in FIG 32,
back fromthe conpressed video decoder 4304. If this is the case, the

buf fer swidech; 430G eCalk dadier fhNget @ IVhh &b boFaeeRnbhe S dl) cA388iaqd the
ES (2) 4310 to transfer the next video access unit 10 first, by using the

decode swriddeddifof Rk ikon320hi tMeaaMbideplaseMEa 3bb4and thleG-igab. show,
the DTSs of the pictures of the 2D/l eft-view stream 3101 and the right-view

st ream 3HdsfuatiBF Nakatdrls ehelfbavd hmént eoved 2 rabrtime SErdéspiay, del ay
TD. Thus, in the case the conpressed vi deo decoder 4304 continues 15 the
decodi ng ttfe sbeonddemmcicessroaessingidre i gnopimegndvess DIBspst ey anéder
swtch 4306 may switch between the ES (1) 4303 and the ES (2) 4310 fromthe
transh er QAR eft chish@Gophancedety 400 thet mxdfardswiitckhf4886 tighsfers
one of the video access units to the conpressed video decoder 4304.

20[ 0210] Vilec pipresdeth viddso dnddtlee sa3@ndipéadeaddeh 4Pildeocmbipes unit
transferred fromthe buffer switch 4306, at the tinme of the DTS of the

cor r espordiggatsipac Rata #eee, 41 R cdmihes Sedeiage slatee ddd #3¢h tbes

di fferent decodi ng net hods according 25 to the conpressi on_encode  for mat
(e.g. MPEGINC I@%@%W@?tédéﬁpgd oM e lobnpries sl R cELPEBLEBNt ai ned
in the video access unit, and the streamattribute. The ¢onpressed vi deo

decoder AFFIIFAMEHNLFAHRALRBAUNE HEEBHF WRIF BEOCRIRENY Wi'ded®dat a of

the f16 arrealosro liagerffcblr%l ghet gréggix?g%rdfo?’cogés r?gZ%)g the IG plane data 4005

and the sub-video plane data 4003, respectively.
[0199]
FIG. 42A and FIG. 42B schematically show left and right
2D video images that have been superimposed after the cropping
15 processing shown in FIG. 41A and FIG. 41B, respectively; and
FIG. 42C is a schematic diagram showing a 3D videc image that
has been generated from the 2D video images, and is viewed by
the viewer. In planes for the left video, a PG plane 4202 is
shifted to the right with respect to a left video plane 4201L
20 by the offset value 4101L as shown in FIG. 42A. Therefore, a
left area 4303L of the PG plane 4202 appears to be superimposed
on the left video plane 420iL. As a result, a 2D video image
4204 of the subtitles in the PG plane 4202 appears to be shifted
to the right fromanoriginal position by the offset value 4101L.
25 In planes for the right video, on the other hand, the PG plane
4202 1s shifted to the left with respect to right video plane

4201R by the offset value 41C01R as shown in FIG. 42B, a right
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The DPB 4305 tenporarily holds the decoded pictures. The 5 conpressed video
decoder 4304 refers to the decoded pictures held by the DPB 4305 to decode
the P pictures and the B pictures. The DPB 4305 further transfers each of
the pictures to the picture switch 4307 at the tinme of the PTS of the
correspondi ng TS packet. 10[ 0212] The picture switch 4307 wites the
decoded picture transferred fromthe conpressed video decoder 4304, nanely

the framyddladosrdee datapctwidhe 201 efdpaddee phangudsZtmpbesat he

picture belongs to a 2D/l eft-view stream and to the right 15 video pl ane

4321when drie Pigitura e gt a2a 1R ghls- v ewsal teaghe[ 8813] asPhysagal
Arrangenent of AV Stream Files for 3D video on Disc> [0214] The
fol | owi ng214 lofespiaiin l&asphysitbal par paagenmenb20bpp¥a20 sbreamshitesd
recorded on the BD-ROM di sc 101, the arrangenent enabling seam ess 3D vi deo
pl ayback.td 6B&5]eifefeomt dxe cddigimatli posbt idhdyaha d¢f Bast enluat £10iRa

pl ayback channel will be first provided as assunptions for the 25 foll ow ng
expl amnat itamsdenE@ntddy i sisa sSohendmn ¢ Idi.agream shobi mgdeheipagees8bagothannel
for playing back 3D video data VD and audio data AD froma 2D/l eft-view AV
stream f itthe snftatiegharmeane taVbstelaar itoea ndawvelr AP EHehaBDaROMiebsc 101.

As shown in FIG 44, the BD-ROM drive 3901 reads the 2D/l eft-vi ew AV stream
file plane 4206. Thus, it is possible to play back parallax images

by generating the a pair of left and right plane data pieces
from one plane data piece, with use of the cropping processing.
10 That is, a depth can be added tomonoscopic video. Inparticular,
it is possible to allow the viewer to see the monoscopic video
popping out from the screen.
[6200]
The following describes FIG. 40. The image plane data 4006
15 is obtained by decoding, with use of the system target decoder
3903, the graphics data transferred from the program execution
unit 3906 to the system target decoder 3203. The graphics data
is raster data such as JPEG data or PNG data, and shows a GUI
graphics part such as a menu. The fourth cropping processing
20 unit 4024 performs the cropping processing on the image plane
data 4006 as with other cropping processing units 4021 to 4023.
However, unlike the other cropping processing units 4021 to 4023,
the fourth cropping processing unit 4024 reads the offset value
from offset information specified by a program API 4030 instead
25 of the 3D meta data 3613. Here, the program APT 4030 is executed
by the program execution unit 3906, and has a function of

calculating cffset information corresponding to a depth of the
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and the right-view AV streamfile alternately in units of extents, while
transferring the read extents to the switch 3912. 5 The switch 3912 stores
the extents of the 2D/left-view AV streamfile and the right-view AV stream
files into the read buffer (1) 3902 and the read buffer (2) 3911,
respectively. The systemtarget decoder 3903 reads data fromthe read
buffers 3902 and 3911 alternately, then decoding the read data. Here, the

10 referen@ecsymbek EudwnDogdenntegripei ot €aph, readi figh s iomdhe BD- ROM
drive 3601 to each read buffer 3902 and 3911 (in units of bits/second) |,

t he ref ergice tsymboimiexdn ltd vhe dvursthereppahgasrsedfsrireduhotandhe first
average transfer rate) denotes the average transfer rate of extents from
the read [D20ngffer (1) 3902 to the systemtarget decoder 3603 (in units of
bits/second) , and the reference synbol Rext R (which is hereinafter
referred to asm keldidtiand mvetlageabouwasterntedt @radesstiey,t dea maimmier rate
of extents fromthe read buffer (2) 3911 to the systemtarget decoder 3903
(i n unit adgferhbBPifseevhdims ROBysIEINP R rosw eddrictathopgtpehef@oredi t i ons
for avoiding an underf |ow of both the read buffers 3902 and 3911 caused by
t he dat a afr Bhsfrevare 8atarecnebred s Bhe BDOR Pamde3ddderd 4MHd 5§9sA&hs t ar get
decoder 3903 are represented by the follow ng equation (2) : 25[0216] Rud
3D > RextlHtorad fQDmétRE?PtRFQTPI[LGE1"7}th%y%ﬁc%}sﬂi%rm%?h@(t%@ﬂ%tﬁﬁ
Interl eaved Arrangenent” [0218] FIGS., 45A-45C are_schematic di agrans

. ?
showi ng tfe 25 IF¥REE GHSHi BShEPRe@hSPhRYpHBYLESsHBA bP ¥hecRidthe Hafmt s

is outputted. If an alternate-frame sequencing method {(i.e. a
10 method for allowing the viewer to view left video images and
right video images alternately with use of shutter glasses) is
adopted in the device, for example, the plane adder 3910 outputs
the combined plane data pieces as one frame or one field.
Meanwhile, if a method that uses a lenticular lens is adopted
15 in the device, for example, the plane adder 32910 combines the
left and right plane data pieces with one frame or one fieid
of video data with use of the built-in buffer memory. More
specifically, the plane adder 3910 temporarily stores and holds
therein the left video plane data that has been combined first
20 with the video data in the own buffer memory. Subsequently, the
plane adder 3910 combines the right video plane data with the
video data, and further combines the resultant data with the
left video plane data held in the buffer memory. In the combining
processing, each of the left and right plane data pieces is
25 divided, in a vertical direction, into small rectangle areas
that are long and thin, and the small rectangle areas are

arranged alternately in the horizontal direction in one frame
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accunul ated in the read buffers 3902 and 3911 during 3D video pl ayback and

t he physi
BD- ROM di

cal order of extents of the AIl streamfiles recorded on the
sc 101 in the interleaved arrangenent. The BD-ROM drive 3901

continuously transfers the entirety of 10 a requested single extent from

the BD-ROM disc 101 to the read buffer (1) 3902 or the read buffer (2)

3911. For exanple, when the top extent 4506 in an area to be read on the

di sc 101 Jebengsitoatse atDietb-vbawrAblitst tRamtdhe AstaBomeia. M5 45C,
the BD-ROM drive 3901 continuously wites the entirety of the top 15 extent

4506 i nt @udieaneathddf figle p1hndM2detHeyam1 tbebsyskethd akget adacoita

does not

ext ent 4mGrikasiasteenpicasy etiehy onei Firameli Broohbefiead difFeded 19at3002,

i's, until

5

10

15

20

t 3903

start reading the top extent 4506 until the entirety of the top

t hat

the end of the reading period (1) for the top extent 4506 shown
in FIG 20045CGerThertireasonshareaswfrdd alsta Even if the process of decodi ng
the 2D/l eft-view All streamfile preceded the process of decoding

[0202]
<<Configuration of System Target Decoder>>
[0203]

FIG. 43 is a functional block diagram of the system target
decoder 33903 shown in FIG. 39. The following explains the system
target decoder 3903 with reference to FIG. 43. Among the
components of the system target decoder 3903, the secondary
video decoder, the IG decoder, the PG decoder, the primary audio
deccoder, the secondary audio decoder, the audiomixer, the image
processor, and the plane memories are similaxr to those included
in the 2D playback device shown in FIG. 18. Accordingly,
explanations about details of the components can be found in
the explanation about those ghown in FIG. 18.

[C204]

The source depacketizer (1) 4311readssource;mcketéfrom
the read buffer (1) 3902, fetches TS packets included in the
source packets, and transmits the TS packets to the PID filter
{1) 4313. Similarly, the source depacketizer (2) 4312 reads
source packets from the read buffer (2) 3911, fetches TS packets
included in the source packets, and transmits the TS packets
to the PID filter (2) 4314. Each of the source depacketizers
4311 and 4312 further adjusts the time of transferring the TS

packets, in accordance with the ATS of the source packets. This
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the right-view All streamfile, the process of playing back 3D video i nages
could not be started until decoding portions of both the files had been
conpl et ed when pl ayback periods overlap 25 between the portions.
Furthernore, the decoded portion of the 2D/l eft-view AV streamfile had to
be held in the buffer nmenory until the end of decoding the correspondi ng
portion of the right-view AV streamfile, and thus the buffer nmenory m ght

be prevendef.érpunbel HonidUCRUhE SaRACKHENNEDdaL REQ¥ ey Rrdseehtici ency.
As a result, during the reading period (1) for the top extent 4506, the

dat a anmoupiMleacgsuladed ishdie readrdcbufier (FhHusl39@2d nekeasesgat the
reading rate Rua_3D as shown by the arrow 4501 in FIG 45A [0219] At

the end ofxphensedsch g paei od§(diméot rdee trop extents 4206ncbhecBBLREM dri ve
3901 subsequently wites the second 10 extent 4507 into the read buffer (2)

3911. Durimgthdefsrnciigg peyi odbet@rce(3), ..., for the second and
subsequent extents 4507, 4508, ..., the data transfer fromthe read buffers
3902 and B®Ad5io the systemtarget decoder 3903 can be started.
Accordingly, during the reading period (2) for the second extent 4507, the
15 dat a anmountFDASt addunErLat edlltart he) edd befitets(2fré8@ldmdmgridasas at t he
difference Pt --ud_3D Rext_R between the reading rate Rua_3n and the second
aver age tPa@kdles ouipetResen Rhgsalovh depacketazesw U583 1iln TF GackBES On t he
ot her hand, no data is
having a PID that matches a PID previously designated by the
playback contrel unit 3907. Next, the PID filter (1) 4313
10 transfers the selected TS packets to the TB (1) 4301, the
secondary vide decoder, the IG decoder, the PG decoder, the
audio decoder or the secondary audio decoder of the 3D video
decoder 4315, depending on the PID of the TS packet. Similarly,
the PID filter (2) 4314 transfers the TS packets, output from
15 the source depacketizer (2) 4312, to the decoders, according
to the PID of each TPS packet. Here, as shown in FIG. 29B, the
right-view AV stream file 2902 includes only the right-view
stream. Thus, for the 3D playlist playback, the PID filter (2)
4314 transfers the TS packets mainly to the TB (2) 4308 of the
20 3D video decoder 4315.
[0206]
As shown in FIG. 43, the 3D video decoder 4315 includes
a TB (1) 4301, an MB (1) 4302, an EB (1) 4303, a TB (2) 4308,
anMB (2) 4309, anEB (2) 4310, a buffer switch 4306, a compressed
25 video decoder 4304, a DPB 4305, and a picture switch 4307. The
TB (1) 4301, the MB (1) 4302, the EB (1) 4303, the TB (2) 4308,

the MB (2) 4309, the ER (2) 4310 and the DPB 4305 are all buffer
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witten fromthe BD-ROM drive 3901 into the read buffer (1) 3902 20 while
data is being witten fromthe BD-ROM drive 3901 into the read buffer (2)
3911. Accordingly, in this period, the data anobunt DAl accunul ated in the
read buffer (1) 3902 decreases at the first average transfer rate Rext i,
as shown by the arrow 4502 in FIG 45A. Simlarly, during the reading
period (3) for 25 the third extent 4508, the data anmount DAl accunul ated in

the read fuidefed 1123802 ifeEaanes ah 4 dEhal RORERuchi Raxt ukohet veen

the reading rate Rud_3D and the first average transfe Rext L as _
shown by thear nonw 4604 88c-6hEr 451 . agdtd hengdataomimunt JA2 cgcedaukated in

the read buffer (2) 3911 decreases at the second average transfer rate

Rext _R agoshoww nlmdrie sakagwu4808i Efefbic 488. 0B[22 Memory chifs ghearly
seen fromthe exanple shown in FIGS. 45A-450, the capacities of the read

buf fers 3992 sich 391 Ir e HiegWhitlesk-4 0 be no | ess than the size of the top
extent of an AV streamfile in an area to be read. Specifically, when the
top eXxtento2®7lbel ongs to the 2D/l eft-view All streamfile, the capacity RBI
of the read buffer (1) 3902 (in units of bytes) needs to be no |l ess than
t he size Exterithe LTBf {lHe ex0entrgdaivas t FSofpdnitetsy | th822lndBkidxhent
_L(3) 15[0222]
2D/left-view stream from the PID filter (1) 4313, and temporary
stores the TS packets. The MB (1) 4302 stores PES packets
reconstructed from the TS packets stored in the TB (1) 4301.
i0 Note that the TS headers of the TS packets are removed when the
TB (1) 4301 transfers the data to the MB (1) 4302. The EB (1)
4303 extracts coded video access units from the PES packets and
stores them. Note that the PES headers of the PES packets are
removed when the MB (1} 4302 transfers the data to the EB (1)
15 4303.
[0208]

The TB (2) 4308 receives TS packets that include a
right-view stream from the PID filter (2} 4314, and temporary
stores the TS packets. The MB (2) 4309 stores PES packetsg

20 recovered from the TS packets stored in the TB (2) 4308. Note
that the TS headers of the TS packets are removed when the TB
(2) 4308 transfers the data to the MB (2} 4309. The EB (2) 4310
extracts coded video access units from the PES packets and
stores them. Note that the PES headers of the PES packets are

25 removed when the MB (2) 4309 transfers the data to the EB (2)
4310.

[0209]
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Simlarly, when the top extent belongs to the right-view All streamfile,
the capacity R132 of the read buffer (2) 3911 (in units of bytes) needs to
be no less than the size Extent R of the extent (in units of bytes):

20[ 0223] RB2?_ Extent R(4) [0224] The sizes Extent L and Extent R
respectively included in the right hand sides of Egs. (3) and (4) are not
limted to the 25 sizes of the top extents of the respective Al stream

files, and mayebBupretesallitynt B80si 2eanefeaEbihealyaeXt 8ALSss it er rupt
pl ayback, not only the top extent of each file but also all the extents

thereof gabree PhethOEEXUENL3DD &G ANRAEBO (DE 4200 AR ddStedSed
section in which interrupt playback is 5 prohibited, it is sufficient that
all the eitient senoticlrekongi ag thet hemsecbifonheabrskyifk@scatdi BPoK&)

[ 0225] As seen fromEgs. (3) and (4) , either one of two extents
separ at eby igehnedgTagotokeebt -Hand, rilghtbuf fw Ali tsfir eansf mbgsreddi whi chever
has a smaller size, is to be |located at the head of the area to be read in
or der5 t o theducteadie capdttthes ioffarretriead b2 éer siB@0Rdadd 31 wse nuch as
possible. Mre specifically, when the extent size Extent_L of the

2D/ | ef t - FPEWSAYOSSLEaNY fi¢e dardsy gri ttIRAP shevaxirFIGs|i ¥2, BreénfRf t he
15 right-view All streamfile (i.e. , Extent_L > Extent_R) , locating the
ext ent ofEhECFPFRESEeWiAge stawwing 404t Thetihbadizadhe et tiies
capacities of the read buffers. Conversely, when the extent size Extent L
of "the 2BPEIFE. THAHCR £06r EaR APPETTnemhPl EPiFRRSENESBXERRI R 4B) Ext ent
Rot the Tréi:%gt-vie eamfile 20 Extent L c Extent _R) , the

extent of >PHe?2®t AltElB\/l?é 10 Egﬁi‘llesi'fle’é FaetPHe Totea 88C8FSTWel head. In
A e bR o iR e R AL AOE AP A AR 5307 RLadiifi P Xt
as FIG. 31A and FIG. 31B show, the DTSs of the pictures of the
2D/left-view stream 3101 and the right-view stream 3102 are
alternately set up with intervals of the 3D display delay 'TD.
Thus, in the case the compressed video decoder 4304 continues
15 the decoding of the video access units while ignoring the DTSs,
the buffer switch 4306 may switch between the EB (1) 4303 and
the EB (2) 4310 f£rom the transfer source to the other every time
the buffer switch 4306 transfers one of the video access units
to the compressed video decoder 4304.
20 [0210]
The compressed video decoder 4304 decodes each video
access unit transferred from the buffer switch 4306, at the time
of the DTS of the corresponding TS packet. Here, the compressed
video decoder 4304 uses different decoding methods according
25 to the compression encode format (e.g. MPEG-2, MPEG4AVC and V(1)

adopted for the compressed pictures contained in the video

access unit, and the stream attribute. The compressed video
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25Here, when an extent of the 2D/l eft-view All streamfile and an extent of
the right-view AIl streamfile contain video streans whose pl ayback peri ods
overlap each other, the video streans need to have the sane | ength of

pl ayback tinme, as explained with reference to FIG 35. Under the condition,
either of an extent of the 2D/l eft-view AV streamfile and an extent of the
right-view AV stream whichever has a lower bit rate, 5 also has a smaller

ext ent SigodGE ANt et o £ Of 5 el hdefictbhga@ D] ef Lr ik eVh AN B4 T eam

file or the right-view AV streamfile, whichever has a | ower systemrate,

i s arrangedicd daes hemdid thanareascwd thidhe, fid esné esop degoon the BD- ROM
disc 101. This arrangenent can reduce the sizes of the read buffers than

the 10 reMerisgd arrangenent, thus reducing the manufacturing cost of the
2D/ 3D pl ayback device. [0227] FI GS. 46A and 463 are schematic

di agranms speciTie @lFBy 43hewtagpbreri Ypasodds e dededed pexteants .oThéhe AV
streamfiles. 15 Here, assune that the rate Rut= of reading data fromthe
BD- ROM drdormpr33ed origheh deerdichuffien 3ed2rs38blths 86chbBpd; pilbeusyst em
rate of the 2D/l eft-view AV streamfile is 48 Mips; the systemrate of the
ri ght - vi dwlA/bytilea®PBi4 205 $Pdedbps thend phetypiesy badkthé Mepdttaresdeo
stream contai ned in each extent 4601L, 4601R, 20 4602L, 4602R ... , is 4
seconds. ThferPRhet 3%t ehustherbbransheraveschesih filePigttures apgetheén an

i nterl eaved manner in_the recording area on the BD-ROM disc 101, starting

f rom t he RSATEHIE 8801CT013 Pher 2 bhect g ifwtRG BTP cefmthiel eor5RFBARa1BY
subsequent extents 4601R, 4602L, 4602R, ..., as shown in FIG 46A, the

I ower 25 19 AACkAT the capacity R31 of the read buffer (1) 3902 is obtained
by th fodpl owi.ng equation based on Eq. (3) : [0228] RB1 = (48 Moips x
192/ 1@8) 2z#(]e x 10242) = 23.3 MB. [0229] Accordingly, the capacity

2R§1301|‘\/Bt hﬁo[: eg,l[njp:iﬁ:rgu(:]é) 83‘1%:9 clr*}eeél.q’:so7t Owggtgg '&?es tdréaé%d:[e lp:?%tﬁrlel mt

transferred from the compressed video decoder 4304, namely the
frame/field video data, to the 2D/left video plane 4320 when
the picture belongs to a 2D/left-view stream, and to the right
15 video plane 4321when the picture belongs to a right-view stream.
[6213]
<Physical Arrangement of AV Stream Files for 3D video on Discs
[0214]
The following will explain a physical arrangement of AV
20 stream files recorded on the BD-ROM disc 101, the arrangement
enabling seamless 3D video playback.
[0215]
Here, the definition of the data transfer rate of a
playback channel will be first provided as assumptions for the
25 following explanation. FIG. 44 is a schematic diagram showing
the processing channel for playing back 3D videc data VD and

audiodata AD from a 2D/left-view AV stream £ile and a right-view

114



5 ratio 192/188 is the ratio between the bit |lengths of a source packet and
a TS packet. As shown in FIGS. 7A-7C, each source packet 702 stored in
either of the read buffers 3902 and 3911 is larger in data size than a TS
packet 701 to be transmtted to the systemtarget decoder 3903 by the size
of the header 10 (TP Extra Header) 702H. Assume also that 1 Mo = 106 b and
1 MB = 8x10242 b. On the other hand, when extents are arranged in an

interl eaved JBANES ,flitea_rrteaagfiérﬁmﬁ@%ﬁ)ﬁcﬁmléﬁoi& ofad fg%wrgflgx g&ew Al l
streamfile followed by the subsequent extents 4601L, 4602R, 460 as

shown in & Geid6Bb-thba domes 3biofl +ed8safnd B /GaRACKY ¥WRBZ fr-ddie £k ead
buffer (2) 3911 is obtained by the follow ng equation based on Eq. (4):

[0230] and BRE2 ®igh4-Mips »io92¢d88nh ¥i144(81%elDddNv= 2. dnMBs £8231]
20Accordingly, the capacity RB2 of the read buffer (2) 3911 needs to be no

| ess t harexttentonehillient tard2s &rhg thiesrésd k&ssntBaio the @boven desor i bed
lower imt RB1 of 23.3 MB. [0232] As explained with reference to FIG 30,
t he 2b/ | €tlte vwawcd53 312 samr@@lthe exax dasesitte by taftwheeeasy sheeam
right-view stream 3020 i s a dependent-view stream Thus, the right-view All
stream fifelsoRod i thes nuildhgr-vilewdda sgiveen ifides Hower the sgstiebufdee, than
the 2D/l eft-view AV streamfile 3010. Furthernore, the 2D/l ef t-view AV
stream fi{¥® 2902 asdsHmwicpd PriferoR)ndyléomespechtvely m¥he aydienst r eam
2912, the secondary video stream 2915, the PG stream 2913, and the IG
stream 299 IRE ARFQISN 3093 Keagsphrkar fromdels Steah UFSEL S 3908oAbdast t o
the right-view AV streamfile 2902 as shown in FIG 29B. The 2D/l eft-view
AV strean%%?#eaé§6fnﬁﬁﬁlghsdﬂ5§htQ?ﬁ°§l§§cdﬁﬂhr?e%@dﬁét§tréﬁﬁ?eﬁhﬁée t he

rlgh V|e \V streamfile 3020 iis even spuller in_data size, i.e. , even

[ ower TR TS R h Tt SBPPEFE- PSurSUPSPLcARRIONS! f8T80 LBONFor
| ocat éﬁai& % R Rele e et re tr%%@%%aeé%%ﬁ?"ﬁ&dkﬁ B0t VeRRFLFPod on
e, B0 R st IPhec ] herums o abenchal e uplopl yback i5avallgble, o
hereinafter referred to as the first average transfer rate)
denotes the average transfer rate of extents from the read
15 buffer (1} 3902 to the system target decoder 3603 (in units of
bits/second), and the reference symbol Rext = {which is
hereinafter referred to as the second average transfer rate)
denotes the transfer rate of extents from the read buffer (2)
3911 to the system target decoder 3903 (inunits of bits/second) .
20 By using these denotations, the conditions for aveoiding an
underflow of both the read buffers 3902 and 3911 caused by the
data transfer from the réad buffers 3902 and 3911 to the gsystem
target decoder 3903 are represented by the following eguation
(2) :

25 fo216]

Rua’wSD > R

ext L
r

RudWSD >R

exr_R. (2)
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15 having the sanme pl ayback period, one extent containing the portion of
the right-view stream may be arranged before the other. This arrangenent
can reduce the required capacities of the read buffers as descri bed above.
In addition, the 2D/ 3D pl ayback device can sinplify readi ng processing
since the top 20 extent of AV streamfiles read fromthe BD-ROM disc 101 is
predeterm ned to belong to a right-view All streamfile. [0233]

ccCondi tijopg7for Preventing Underfl ow of Read Buffers"” [0234] 25The
following will explain conditions with reference to FIGS. 47A and 47B, the
condi ti oasphoEipakvertieRrgo8nEnndact Lawratebothvihenieadgbbhers 3902 and
3911 when alternately reading extents of left and right Al streamfiles
froman doeasdn the BD-ROM di sc 101 where the extents are recorded in an
interl eaved arrangenment. [0235] 5FIGS. 47A and 473 are graphs respectively
show ng progr @88§Eons46A-2the data apobethabAt addanukated showtimg reheé buffer
(1) 3902 and the data anmount DA2 accunulated in the read buffer (2) 3911
when 5t hereXaenossbipt Heetvefan ahder ipglogrAlds isiy eafh fibleesdatz ahlpumtst el y
read fromthe disc 101. Since extents of 10 both the AV streamfiles are
read alt arAvRBlgtednin ddiemeast tyidests BRE2AUNE! 3 b duTiag i3 Fdderead

whil e extents of the other .
playback and the physical order of extents of the AV stream files

recorded on the BD-ROM disc 101 in the interleaved arrangement.
The BD-ROM drive 3901 continuously transfers the entirety of
10 a regquested single extent from the BD-ROM disc 101 to the read
buffer (1) 39202 or the read buffer (2) 3911. For example, when
the top extent 4506 in an area to be read on the disc 101 belongs
to the 2D/left-view AV stream file as shown in FIG. 45C, the
BD-ROM drive 3901 continuously writes the entirety of the top
15 extent 4506 into the read buffer (1} 2902. Here, the system
target decoder 3903 does not start reading the top extent 4506
until the entirety of the top extent 4506 has been completely
writiten into the read buffer (1) 3902, that is, until the end
of the reading period (1} for the top extent 4506 shown in FIG.
20 45C. The reasons are as follows. Even if the process of decoding
the 2D/left-view AV stream £ile preceded the process of decoding
the right-view AV stream file, the process of playing back 3D
videc images could not be started until decoding portions of
both the files had been completed when playback periocds overlap
25 between the portions. Furthermore, the decoded portion of the
2D/left-view AV stream file had to be held in the buffer memory

until the end of decoding the corresponding portion of the
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are read. Meanwhile, the data transfer fromeach of the read buffers 3902
and 3911 to the systemtarget decoder 3903 is continued. In order to
prevent either of the read buffers 3902 15 and 3911 from an underf | ow
caused by the data transfer to the systemtarget decoder 3903 during the
pause of reading extents, it is necessary to accunulate a sufficient anount
of data into the read buffers 3902 and 3911 during readi ng extents.

Speci fi catdghtas oWy EorEbfe £ AVA, die chalat AEDbRE F SAlbAC adEukabed in
the read buffer (1) 3902 reaches a peak 4701 at the tine Ti the reading of

one ext enirdferithel H¥drefHeitieWellucest Aeamabhlca thagndeenpeoplieifduséf t er
that, the data anmount DAl decreases at the first average transfer rate

Rext _L durfimig-idre-y eadi agreeilod dRifray thikeraadt ngxpeniodf(I)he€oti ghe- vi ew
AV stream 25 file. In this case, the data anobunt DAl accunul ated to the
peak 470ltareedtdrr @6 suf fiha enttlay ahauge dDachatkatmuilh¢edatia almwunta®Al does
not reach zero, that is, the read buffer (1) 3902 avoi ds
5 buffer (1) 3902 increases at the reading rate Rug 3p a8 shown
by the arrow 4501 in FIG. 45A.
[0219]
At the end of the reading period (1} for the top extent
4506, the BD-ROM drive 2901 subsequently writes the second
10 extent 4507 into the read buffer (2) 3911. During the reading
periocds (2}, (3), .., for the second and subseguent extents 4507,
4508, .., the data transfer from the read buffers 3902 and 3911
to the system target decoder 3903 can be started. Accordingly,
during the reading period (2) for the second extent 4507, the
15 data amount DA2 accumulated in the read buffer (2} 3911
increases at the difference Ryg ip - Rext g between the reading
rate Ryg sp and the second average transfer rate Rex: z as shown
by the arrow 4503 in FIG. 45B. On the other hand, no data is
written from the BD-ROM drive 3901 into the read buffer (1) 39202
20 while data is being written from the BD-ROM drive 3901 into the
read buffer (2) 3911. Accordingly, in this period, the data
amount DAl accumulated in the read buifer (1) 3902 decreases
at the first average transfer rate Rex : as shown by the arrow
4502 in FIG. 45A, Similarly, during the reading period (3) for
25 the third extent 4508, the data amount DAl accumulated in the

read buffer (1) 3902 increases at the difference Rug ap - Rext 1

between the reading rate Ryg 3p and the first average transfexr

117



an underf low until the end of the period TR Furthernore, the capacity R31
of the read buffer (1) 3902 needs to be no Il ess than the data anount DAl .
This condition can be expressed by the followi ng equation (5) with use of
the size Extent _R of the 5 extent of the right-view AV streamfile read in
the period TR [0236] RA91>C9E1l, IxExtent R x8 8lcd 3D(5) [0237] In the
ri ght hand side of Eg. (5), the extent size Extent R 10 is multiplied by

"8" to conmes R 1he awihewhhsyegic fombylses ta Bids.cm0d thecdivision by
"8" ains to convert the units of the final result frombits to bytes. The

function deiduxt) DrepEeserhS dthel apetaki eaatioptewsd up)fiacti gaalcasabers
after the decimal point of the value in the parentheses. 15[0238]

Si mi|arl yt aheshonnniinmd fagd Hharidfeata caRDUN aDAhaet wiukakegriowt he
read buffer (2) 3911 reaches a peak 4702 at the tinme T2 the reading of one
extent of45d%e im gMG.Vvi«€® AV stream file has been conpleted. After that, the
data anount DA2 20 decreases at the second average transfer rate Rextiz
during thE228ddi ng period TL for the next extent of the 2D/l eft-view AV
streamfile. In this case, the data amobunt DA2 accunul ated to
Ag clearly seen from the example shown in FIGS. 45A-45C,
the capacities of the read buffers 3902 and 3911 are required
to be no less than the size of the top extent of an AV stream
file in an area to be read. Specifically, when the top extent
10 belongs to the 2D/left-view AV stream file, the capacity RB1
of the read buffer (1) 39062 (in units of bytes) needs to be no

less than the size Extent L of the extent (in units of bytes):

[0221]
RB1 2 Extent _L

15 [0222]
Similarly, when the top extent belongs to the right-view
AV stream file, the capacity RB2 of the read buffer (2) 3911
(in units of bytes) needs to be no less than the size Extent R
of the extent (in units of bytes):

20 [0223]

RB2 > Extent R

[0224]
The sizes Extent L and Extent R respectively included in
the right hand sides of Egs. (3) and (4) are not limited to the

25 sizes of the top extents of the regpective AV stream files, and
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the peak 4702 needs to be sufficiently |large such that the data anount DA2
does not reach zero, that is, the read buffer (2) 25 3911 avoi ds an underf
| ow until the end of the period TL. Furthernore, the capacity RB2 of the
read buffer (2) 3911 needs to be no |less than the data anount DA2. This
condition can be expressed by the follow ng equation (6) wth use of the
size Extent L of the extent of the 2D/l eft-view AV streamfile read 5 in

the peri aghyllse (02382 P lsilzb XoBXdep t kady &x &Rt 3By XnRe¥ruf (6)
[ 0240] "Conditions for Realizing Seam ess Pl ayback despite Junps”

10[ 0241] playbddie, heltl ewl o e Idopesptahl dhecondhteopse fOrs4 eahi hag
seanl ess pl ayback despite junps required while AV streamfiles are read.
[ 0242] extents thereof can be the top extent in an area to be read.
When there is a section in which dinterrupt playback is
5 prohibited, it is sufficient that all the extents not belonging
to the section satisfy Egs. (3) and (4).
[0225]
As seen from Egs. (3) and (4), either one of two extents
separately belonging to left- and right-view AV stream files,
10 whichever hag a smaller size, is to be located at the head of
the area to be read in order to reduce the capacities of the
read buffers 3902 and 3911 as much as possible. More
specifically, when the extent size Extent L of the 2D/left-view
AV stream file is larger than the extent size Extent R of the
15 right-view AV stream file (i.e., Extent L > Extent R), locating
the extent of the right-view AV stream £ile at the head can reduce
the capacities of the read buffers. Conversely, when the extent
size Extent L of the 2D/left-view AV stream file is smaller than
the extent size Extent R of the right-view AV stream file (i.e.,
20 Extent L < Extent R), the extent of the 2D/left-view AV stream
file is to be located at the head. In addition, there is also
the advantage that a smaller size of the top extent can start
video playback earlier.
[0226]
25 Here, when an extent of the 2D/left-view AV stream file
and an extent of the right-view AV stream file contain video

streams whose playback periods overlap each other, the video
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15FIG 48 is a schematic diagram showi ng an exanpl e of the arrangenent of
extents of the 2D/l eft-view AV streamfile and the right view AV stream
file when a junp is required while the extents of the files are alternately
read. When the disc 101 is a nulti-layer disc, it is preferable that a
series of AV stream 20 files can be recorded over two recording | ayers on
the disc 101. In this case, however, the area in which extents of the

2D/ | ef t - Yrow A sid@ambi havandddhesdhghi eMbew AY $hieaadd I e 4gcorded
in an interleaved arrangenent are divided into two portions between which a

| ayer bowngdra r300i t8 feGeateette t3P12D X1 eMady 08K coierieiiRaf,t &1 cenot es
extents of both the AV stream files arranged in a sequential and
i nt er | eavdd anpareent | of tties 2@ £t shbww AN FrGamd§ile pudpahrentéte first

3D extent bl ock 4811 recorded on one of the layers to the second 3D extent
bl ock 481F rtéeordgtitonitheadt Bereas, r epichederhhbhe theodwrshbiearafé) es 5
are read. The junp is, in particular, a long junp that requires processes
for switclismghbetaweeallae acscmidengel yersrdimdlas aa ¢ooast joinpitheart hi s
case, sean esslé connecting video images to be played back fromthe two 3D
ext ent bltdekaDA8alt andew S stuspt &l kehorl Uy Hjigiy -Vdeuw Féstiream fhee,
following first and 10 second conditions to be satisfied. [0243]
whichever has a lower system rate, is arranged at the head in
the areas with the files recorded on the BD-ROM disc 101. This
arrangement can reduce the sizes of the read buffers than the
10 reversed arrangement, thus reducing the manufacturing cost of
the 2D/3D playback device.
[0227]
FIGS. 46A and 46B are schematic diagrams specifically
showing two types of the order of extents of the AV stream files.
15 Here, assume that the rate Ryg 3p ©f reading data from the BD-ROM
drive 3901 to each read buffer 3902, 3911 is 90 Mbps; the system
rate of the 2D/left-view AV stream file is 48 Mbps; the system
rate of the right-view AV stream file is 24 Mbps; and the playvback
time of a video stream contained in each extent 4601L, 4601R,
20 4602L, 4602R, ..., is 4 seconds. When the extents of both the
AV stream files are arranged in an interleaved manner in the
recording area on the BD-ROM disc 101, starting from the extent
4601L of the 2D/left-view AV stream file followed by subsequent
extents 4601R, 4602L, 46C2R, .., as shown in FIG. 464, the lower
25 limit of the capacity RBI of the read buffer (1) 3902 is obtained
by the following equation based on Eg. (3):

[0228]
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The first condition is for enabling the 2D pl ayback device to seanl essly
pl ayi ng back 2D video i mages despite the long junp LJ1 across the |ayer
boundary 4800 when the 2D pl ayback device 15 is playing back the 2D vi deo
i mges fromthe extents of the 2D/l eft-view AV streamfile included in the
two 3D extent blocks 4811 and 4812 according to the playback path 4821 for
2D video inmages shown in FIG 48. The first condition is that for the

seam ess conne@i an exphaigied widdy reference(d ox Mdza33= more 2@,
specifically, the conbination of the follow ng two subconditions: First,
the | ast [@goent 4801L of the 2D/l eft-view AV streamfile included in the
first 3D extent block 4811 needs to have a size no |less than the m ni mum
extent size cacudmatiadyibaseticonapheiturRRlicst aheeradd e feang1) uppotrJ1l to
the top extent 25 4802L of the 2D/l eft-view AV streamfile included in the
second 3Demxdsent bt ook 148E2th&acumel, 1dweer [lump tdR3t adi. dlotiehehkonghg unp LJ1
needs to be no greater than the maxi numjunp di stance 53 unp_nax
5 ratio 192/188 is the ratio between the bit lengths of a source
packet and a TS packet. As shown in FIGS. 7A-7C, each source
packet 702 stored in either of the read buffers 3902 and 3911
is larger in data size than a TS packef 701 to be transmitted
to the system target decoder 3903 by the size of the header
10 (TP_Extra Header) 702H. Assume also that 1 Mb = 10° b and 1 MB
= 8x1024° b. On the other hand, when extents are arranged in
an interleaved manner, starting from the extent 4601R of the
right-view AV stream file followed by the subsequent extents
4601L, 4602R, 4602L, .., as shown in FIG. 46B; the lower limit
15 of the capacity RB2 of the read buffer (2) 3911 is obtained by

the following equation based on Eg. (4):

{6230]
RB2 = (24 Mbps x 192/188) x 4/(8 x 1024%) = 12.2 MB.
[0231]
20 Accordingly, the capacity RB2 of the read buffer (2) 3911

needs to be no less than the lower limit 12.2 MB, This iz less
than the above-described lower limit RB1 of 23.3 MB.
[0232]
As explained with reference to FIG. 30, the 2D/left-view
25 stream 3010 is a base-view stream whereas the right-view gstream
3020 is a dependent-view stream. Thus, the right-view AV stream

file 3020 is smaller in data size, i.e., lower in gystem rate,
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determned fromthe specification shown in FIG 22 and the |ayer swtching
time. [0244] The second condition is for enabling the 20/ 3D pl ayback 5
device to seaml essly playing back 3D video i mages fromthe two 3D extent

bl ocks 4811 and 4812 according to the playback path 4822 for 3D video

i mages shown in FIG 48. The second condition is specifically for avoiding
an underf | ow of the read buffers 3902 and 3911 during the long junp LJ2

thamuggg Y0 22 10, Lpchpded Lo b ol sybackesal gg2ze 0745

FI GS. 49A and are gra S respec omnng t he " progr essions Sf the

data amowy s Lﬁé%dlnﬁ%g:%cﬁﬁ'@gn%d £582 3202 %J?gaﬁgll in

the section |nclud|ng th ong 15 junp anong the sections

pl ayback wad ?trﬂ\%l%eyf&dg@s\ﬂr‘é%% bHRgeS hd i8R onAss r@l&é@?t%%. xbept 4802R

of the 2D/l e w AV streamfile is located at he head i n t e second 3D

extent blogk B2 rasnshowd i Ankl €he s JhSAPOA-TER hoREE 13eCELOARE! the
pl ayback path 4822 includes the first reading 20 period TRl, the second

readi g pEfingd T i dddes t1wdm pegi od Th J2enengst heot thé dri gRELBYRef70d TR2
inthis order. [0246] In the first reading period TRl1, the second | ast

extent 48hRdmclildexbdnathhdvd s$h FB3id expentTHy DDkléB&lvhéw\MV tEtesamnto 25
the read buffer (2) 3911. Thus, the data anmount DA2 accunul ated in the read
buf fer (2)1iB9kPdlnnegaskso atorttheir at seegundbricatdieo ditffeamenaeulByatB® -
Rext _R bet ween the reading rate RucL3D and the
right-view AV stream file 3020 is even smaller in data size,
i.e., even lower in system rate, than the 2D/left-view AV stream
10 file 3010. For this reason, one of extents of right-view AV
stream files may be always located at the head in the recording
area for storing AV stream files on the BD-ROM disc 101.
Furthermore, when interrupt playback is available, of each pair
of extents containing portions of left and right video streams
15 having the same playback period, one extent containing the
portion of the right-view stream may be arranged before the
other. This arrangement can reduce the required capacities of
the read buffers as described above. In addition, the 2D/3D
playback device can simplify reading processing since the top
20 extent of AV stream files read from the BD-ROM disc 101 is
predetermined to belong to a right-view AV stream file.
[0233]
<<Conditions for Preventing Underflow of Read Buffers>>
[0234]
25 The following will explain conditions with reference to

FIGS. 47A and 47B, the conditions for preventing an underilow

of both the read buffers 3902 and 3911 when alternately reading
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second average transfer rate Re)(t_a, as showmn in FIG 49B. As a result, at
the end of the first reading period TRl, the data anmount DA2 accunul ated in
the read buffer (2) 3911 reaches a peak 4902. 5[ 0247] In the second
readi ng period TL1, the last extent 4801L included in the first 3D extent
bl ock 4811 is witten into the read buffer (1) 3902. Accordingly, the data
anount DAl accunul ated in the read buffer (1) 3902 increases at the rate

--_ 10 equaledias thie 1dickf Shenfi‘?ﬁ’éﬁ— st f&4kh Fbatyesn,t he Leading tpLe

Rud_3D and the first average transfer rate Rext _In as shown in FIG 49A As

a resul t ,pratrdMgi 8Bt Of whBeeS@toad teeadi A8 RRIHAHH In ahendat B fpDynt DAL
accunul ated in the read buffer (1) 3902 reaches a peak 4901. Meanwhile, no

data is wrdtdefehdt®, the read 15 buffer (2) 3911 in the second reading
period TL1, and accordingly the data anount DA2 accunul ated in the read
buffer (2)oBH1 decreases at the second reading rate Rext R as shown in
FIG 49B. [0248] 20In the junp period TLJ2, no data is witten into either
of the read buffess 23901 and 3912. Accorgdianglsy, rekeedat #cafyoushoMg
accunul ated in the read buffer (1) 3902 decreases at the first average

t ransf er praigrdoxorns af the dkita anount AR accunulated inm the read buffer
(2) 3911 decreases at the second 25 reading rate Rext _g, as shown in FIGS.
49A and 498 fewrdpecd?lz2land tb2483ti mudunt BA2daceadithgtpdrirodhiERecadhe t op
extent 4802R included in the second 3D extent block 4812 is witten into
t he read Wiffer (22)330Y whencebedipepnt s tfetBatle oot r T Adcswueared in
the read buffer (2)_ 3911 increases again at the rate equal to the

di f f erendel RREBID 2lRexpatebyt veedh fuen tdedfagesl?ht SRS e3G<aRg Phe
second average transfer rate Rext R as shown in FIG 49B. Meanwhile, the
dat at@noRRTIDARS AU RHEECEY fideth T re A§3PUPLERLT LR 2350 228N BKRABE OF

decreasing at .the first averaqge transfer rate Rexts, as shown in FIG 49A
ane of t'rhe AV stream f?'L eg 18 not read while extents of the other

are read. Meanwhile, the data transfer from each of the read
buffers 3902 and 3911 to the system target decoder 2903 is
continued. In oxder to prevent either of the read buffers 3902
15 and 3911 from an underflow caused by the data transfer to the
system target decoder 3903 during the pause of reading extents,
it is necessary to accumulate a sufficient amount of data into
the read buffers 39202 and 3911 during reading extents.
Specifically as shown in FIG. 47A, the data amount DAl
20 accumulated in the read buffer (1) 3502 reaches a peak 4701 at
the time Tl the reading of one extent of the 2D/left-view AV
stream £ile has been completed. After that, the data amount DAl
decreases at the first average transfer rate Rext 1 during the
reading period TR for the next extent of the right-view AV stream
25 file. In this case, the data amount DAl accumulated to the peak
4701 needs to be sufficiently large such that the data amount

DALl doeg not reach zero, that is, the read buffer (1) 2902 avoids
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[ 0250] 10The data anobunt DA2 accunul ated in the read buffer (2) 3911
decreases at the second average transfer rate Rextiz fromthe second
readi ng period TL1 through the junp period TLJ2, that is, until a |length of
time has el apsed; the length of tinme is equal to the total of the length
Ext ent _Lx8/ Rudj D of the second 15 reading period TL1 and the junp tinme
Tpurnp_3D of the junp period TLJ2. Thus, the data anmount DA2 accunul ated in
the read hulhaerE2bw39diiat chbepeale 4902 800dy TR, beuAmarmynd, thal allows

the read buffer (2) 3911 to avoid an underf |ow fromthe second reading
period TlehdhrieygRetiherlume perkodufkd? (1) n3obhenc¥Bsdse B4 ddeldsawer
limt of the capacity R32 of the read buffer (2) 3911 is expressed by the
fol | owi ngreGUahe0Aatd) awbuhtusa10f Thhe sbaei Exbantah Eakepirddie=d ast extent
4801L included in the first 3D _ _ extent block 4811: [0251]

the following equation (5} with use of the size Extent R of the

5 extent of the right-view AV gstream file read in the period TR:
[0236]

RB1>CEIL %xEx‘em—R'xng .

ext _
ud_3D . (5)

[0237]
In the right hand side of Eq. (5), the extent size Extent R
10 is multiplied by ™87 to convert the units therecf from bytes
to bits, and the division by “8” aims to convert the units of
the final result from bits to bytes. The function CEIL{)
represents the operation to round up fractional numbers after
the decimal point of the value in the parentheses.
15 [0238]

Similarly, as shown in FIG. 47B, the data amount DA2
accumulated in the read buffer (2) 3911 reaches a peak 4702 at
the time T2 the reading of one extent of the right-view AV stream
file has been completed. After that, the data amount DA2

20 decreases at the second average transfer rate Rey g during the.
reading period TL for the next extent of the 2b/left-view AV
stream file. In this case, the data amount DA2 accumulated to
the peak 4702 needs to be sufficiently large such that the data
amount DA2 does not reach zero, that is, the read buffer (2)

25 3911 avoids an underflow until the end of the period TL.
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j +Ti unp _3DXR R _i(7) 1 Extent L End x8 RB2 CEIL -x
8Rut 3D 25 [ 0252] In the right hand side of Eq. (7), the extent
size is multiplied by "8" to convert the units thereof frombytes to bits,
and the division by "8" ains to convert the units of the 5 final result
frombits to bytes. The function CEIL() represents the operation to roundup
fractional nunbers after the deciml point of the value in the parentheses.

[ 0253] Furthermore, the capacity RB2 of the read buffer (2) 3911 needs
to be no less than the data amount DA2. This condition can be
expressed by the following equation {6) with use of the size
Extent L of the extent of the 2D/left-view AV stream file read

5 in the period TL:
[0239]

RB2 > CEIL %x Extent _Lx8 o

Rud_SD

ext_R |, {6)

[0240]
<<Conditions for Realizing Seamless Playback despite Jumps>>

10 [0241]

The following will explain the conditions for realizing
seamless playback despite jumps required while AV stream files
are read.

[0242]

15 FIG. 48 i1s a schematic diagram showing an example of the
arrangement of extents of the 2D/left-view AV stream file and
the right view AV stream file when a jump is required while the
extents of the files are alternately read. When the disc 101
igsamulti-layerdisc, it is preferable that a series of AV stream

20 files can be recorded over two recording layers on the disc 101.
In this case, however, the area in which extents of the
2D/left-view AV stream file and the right view AV stream file
are recorded in an interleaved arrangement are divided into two
portions between which a layer boundary 4800 is located. “3D

25 extent block” hereinafter denotes extents of both the AV stream
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Simlarly, the data anmount DAl accunulated in the read 10 buffer (1) 3902
at the peak 4901 needs to be an anount that allows the read buffer (1) 3902
to avoid an underf low until the length of tine equal to the total of the
junp time Tjunp_3D and the |l ength Extent Rx8/ Ruci_mof the third reading
period TR2 has el apsed. In other words, the lower limt of the capacity RB
of the read 15 buffer (1) 3902 is expressed by the foll ow ng equation (8)

1 oo A SR AL B ant18h e RN OB nohied o I
C-xi+ T unp3hso Behowd-in 8RME, 3R, & (Rdm@ H:Q%PBhe First 3D extent block
4811 recorded on one of the layers to the second 3D extent block
4812 recorded on the other is required while the AV stream files
5 are read. The jump is, in particular, a long jump that requires
processes for switching between the recording layers such as
a focus jump. In this case, seamlessly connecting videc images
to be played back from the two 3D extent blocks 4811 and 4812
despite the long jump requires both the following first and
10 second conditions to be sgatisfied.
[0243]
The first condition is for enabling the 2D playback device
to seamlessly playing back 2D video images despite the long jump
LJ1l across the layer boundary 4800 when the 2D plavyback device
15 is playing back the 2D video images from the extents of the
2D/left-view AV stream file included in the two 3D extent blocks
4811 and 4812 according to the playback path 4821 for 2D video
images shown in FIG. 48. The f£irst condition is that for the
seamless connection explained with reference to FIG. 23, more
20 specifically, the combination of the following two
subconditions: First, the last extent 4801L of the 2D/left-view
AV stream file included in the first 3D extent block 4811 needs
to have a size no less than the minimum extent size calculated
based on the jump distance of the long jump LJ1 to the top extent
25 4802L of the 2D/left-view AV stream file included in the second
3D extent block 4812. Second, the jump distance of the long jump

LJ1 needs to be no greater than the maximum jump distance Sjump max
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"Arrangenent of Extents for Reducing Capacities of Read buffers under First
and Second Conditions" [0256] The following will explain the
arrangenent of extents of 25 AV streamfiles that satisfies both the
above-described first and second conditions and enables the read buffers
3902 and 3911 to have nore reduced capacities when junps are required while
the AV streamfiles are read. Note that the standards of optical discs

speci fi esgdhef i i i ; d i i ased on
t he acceé%éspeeﬁéé%égggpﬁgzgﬁﬁﬁggq F#gggp%%%§$%g§F?§éégz ggﬁ?&%gg§?ﬁe first
enbodirmﬁgwi@§§£w€ {had the junp performance of the BD-ROM drive 3901 of
the 2D/ 3D pl ayback device is within the specifications showmn in FIG 22

For convepyenee of explanation, further assume that the junp 10 distance
for the maximum junp tinme Tjurnp_max, i.e., the maxi num junp distance

Sinp_ma, " is eghalsddy sRedfdiath vl U eaididighOitnhen?Bopbaybaskkdevi ce.
In particular, assune that the maximumjunp tinme Tjunp_max is 700 nsec, and

the maxi niewjcerdlisshanes sdyupphpaxngisadik Hd stEekeitagesoxtomteley tho2 GB)
and 40000 15 sectors (approximately 78.1 MB) without and with a | ayer
boundary ietesesmettlentks 48eipanti ¥81ly.a¢d2bdind e i pdageciepatihc

di agram showi ng an exanpl e of the arrangenent of the extents when the

BD- ROM di 4821 Fb1 3Dav Rieonisiged aperndisF@lahd44a . sEn¢ excaaing kendA¥tsbneam
files is separated on two |ayers. As shown in FIG 50, the series of the AV
stream filespecididvdaledd iferoavheé dfings an3neégt &how bbb dihs @R bdffkessecond
3D extent bl ock 5002 between which the |ayer boundary 5003 is | ocated.

Thus, | onyP92mex BI11laher 132 thgudenghjummyel2 across the boundary 4822

10 included in the playback path 4822.
[0245]

FIGS. 4%A and 49B are graphs respectively showing the
progressions of the data amounts DAl and DA2 accumulated in the
read buffers 3902 and 3911 in the section including the long

15 jump LJ2 among the sectiomns of the playback path 4822 for 3D
video images. Here, assume that the extent 4802R of the
2D/left-view AV stream file is located at the head in the second
3D extent block 4812 as shown in FIG. 48. The above-mentioned
section of the playback path 4822 includes the first reading

20 period TR1, the second reading period TL1l, the jump period TLJ2,
and the third reading period TR2 in this order.

[02456]

In the first reading period TR1l, the second last extent
4801R included in the first 3D extent block 4811 ig written into

25 the read buffer (2) 3911. Thus, the data amount DA2 accumulated
in the read buffer (2) 3911 increases at the rate equal to the

difference Rud 3p - Rext r between the reading rate Ryg 3p and the
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25 switching occur across the |ayer boundary 5003 in both a playback path
for playing back 2D video i mges fromthe blocks, i.e., a 2D playback path
5011, and anot her pl ayback path for playing back 3D video i nages fromthe
bl ocks, i.e., a 3D playback path 5012. Both the long junps LJ1 and LJ2
require relatively long junp tinme, e.g., 700 nsec. In this case, seam essly
connecti ng the video images played back fromthe two 3D extent 5 blocks

5001 d b t d
condi ?inons escrl befg%ove ]}e%%% rlfeg\w re?n E}lgw}l gn Eé eg?%nfgggp t he
2D/ left-y %wsﬁ\ztstaea@méléﬁd %tdth@efmkat raa&%ﬁltgeﬂcs apyf | kﬁeﬁgggg”anged

in an interleaved manner throughout the 3D exte bl oc s 5001 a

ot her 10 aehds: Dhot b ddign AR tlaybackhanatdy HQLE rand (bhes3p1playback path
5012 pass through the entirety of the 3D extent bl ocks 5001 and 5002. In

particul aseai gt ately before the long junps LJ1 and LJ2 in the 2D

pl ayback path 5011 and the 3D pl ayback path 5012, respectively, the |ast
extens of[dadwrlfirst 3D extent block 5001, 15 i.e., the extent 5004L of the
2D/l eft-view All streamfile is to be accessed. Thus, the extent 5004L is
requi red to sati gfhe beidortchedhbidisiy aedisecaid. candi nensexf8Rb8isds1.a
result, the size of the last extent 5004L is determ ned 20 fromthe first
condi ti orinadhiddd il the Lomsli tibhextentsbidcéss82D Vs ded tileay hatk. thewever ,
this size is generally greater than the size determ ned fromthe second
condi ti orkeaghi BREEsTt hélborffiQd onAkeprrsémdlass 8bevidrira plasadk . DAhI s
means that the capacity of the readbuffer (1) 3902 of the 2D/ 3D pl ayback
devi ce 2BGfaEHs at¢hargrist spathanffat €hbat? ¥y Iexjdasss Bér tBD vhteo

10 equal to the difference Rug ap - Rext 1 between the reading rate
Rug sp and the first average transfer rate Rox: 1, as shown in FIG.
49A. As a result, at the end of the second reading period TL1,
the data amount DAl accumulated in the read buffer (1) 3902
reaches a peak 4901, Meanwhile, no data is written into the read

15  buffer (2) 39211 in the second reading period TL1, and
accordingly the data amount DA2 accumulated in the read buffer
(2) 3911 decreases at the second reading rate Rext r, @8 shown
in FIG. 49B.

[0248]

20 In the jump period TLJ2, no data is written into either
of the read buffers 3901 and 3911. Accordingly, the data amount
DAl accumulated in the read buffer (1) 3902 decreases at the
first average transfer rate Rext 11 and the data amount DA2
accumulated in the read buffer (2) 3911 decreases at the second

25  reading rate Rext r, @5 shown in FIGS. 49A and 49B, respectively.
[0249]

In the third reading period TR2, the top extent 4802R
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pl ayback. Furthernore, when extents of left-view and right-view Al stream
files contain video streans whose pl ayback periods overlap each other, the
vi deo streanms need to have the sanme | ength of playback tine, as expl ai ned
with reference to FIG 35. Accordingly, the size of the extent 5004R

i medi ately before the | ast extent 5004L is also generally greater than the
size 5 determned fromthe condition for seanl ess 3D video playback. For

this reasepddi® saPagt tdeind B9 %ﬁ@n@lﬂcﬁék ﬁ%ﬁzsgéﬁvﬂttteﬂ?i%_ 30,9! ayback

device needs to be greater than the capacity required for 3D video pl ayback

as wel . rEhat bessBy UBENG I8 ar habeeRBRl19f, exhentd: SNoWRuALFl §2250, it
is difficult to 10 further reduce the capacities of the read buffers 3902

and 3911 sefcunhie HIBRnptaxbasks davires: (£023911 Thisr&ade Yed-ar1 aserhed by

usi ng concrete numerical values as follows. For exanple, assunme that the
readi ng nafte Bathaof t35thbed BBFRebhdeing L601RL N  BecwBepl abagkadendgce is

54 Mops; the reading rate Rue 3D of the BD-ROM drive 3901 in the 2DV 3D
pl aybaick riend Bes ks a9d Mhpssetbrdfivatagy enages lamnsfter RLatg as 48ohops; the
second average transfer rate is 24 Mps; and the junp tine of the long junp
caused bhyirl &fér. 9Bt dfeayyhile, the Hetbosambunft AL theumylertsiviincthag ti ne
and the junp tine of a junp over 40000 sectors, is 700 nsec. In this case,
t he size usfad bheflfgst (ExtFHi2 continues decreasing at the firgst average
transfer rate Rext 1, as shown in FIG. 49A4.
[0250]

10 The data amount DA2 accumulated in the read buffer (2) 3911
decreases at the second average transfer rate Rext r from the
second reading period TL1l through the jump periocd TLJ2, that
is, until a length of time has elapsed; the length of time is
equal to the total of the length Extent Lx8/Rug 3p of the second

15 reading period TL1l and the jump time Tyuw ap of the jump period
TLJ2. Thus, the data amount DA2 accumulated in the read buffer
(2) 3911 at the peak 4902 needs to be an amount that allows the
read buffer {(2) 3911 to avoid an underfliow from the second
reading period TL1 through the Jump period TLJ2. In other words,

20  the lower limit of the capacity RB2 of the read buffer (2) 3911
is expressed by the following equation (7) with use of the size
Extent I. End of the last extent 4801L included in the first 3D
extent block 4811:

[0251]

RBE2 > CEIL %x Extent_L_Endx8+T

R Jjump 3D max_
25 Hd_3D ) ( 7 )
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5004L of the first 3D extent block 5001 is determ ned fromthe Eq. (1) for
seam ess 2D video playback, not Eg. (8) for seanl ess 3D video playback
Consi dering the difference between bit 25 | engths of one source packet and
one TS packet, the actual value to be substituted into the first average
transfer rate Rext L in the Eq. (1) is 48 Mips x 192/188. Here, 1 My = 106
b and 1 M = 8x10242 b. Thus, the size of the last extent 5004L is
(1/(8x102ﬁ@2g2y Rexts x 700 nmsec x 54 Mops/ (54 Mops - Rext L) = approx.

44. 3MB. The playback time of the video streamcontained in the extent 5004L

is then 44 . 3rMBiné48; MEPSH¥nd924 ER8LE=aRPT 0% 5 thd SCenSi BESet hg Vi deo

stream contained in the extent 5004R corresponding to and |ocated .
i mredi at elyl ©85 01 &g the et et LORA theeds ukg thaveet-Be S %%mpbgi‘.%ﬁl(\:/got i me,

the size of the extent 5004R is 7.6 sec x 192/188 = approx. 2 The
extent SQO%R: camdentheivopiextiept g0 iimd epbr vphvelayhes kiniAccerdtngl y, the
5 final result from bits to bytes. The function CEIL() represents
the operation to round up fractional numbers after the decimal
point of the wvalue in the parentheses.
[0253]
S8imilarly, the data amocunt DAl accumulated in the read
10 buffer (1} 3902 at the peak 4901 needs to be an amount that allows
the read buffer (1) 3902 to avoid an underflow until the length
of time equal to the total of the jump time Tyyuy 3p and the length
Extent_RxB/Rud_gn of the third reading period TR2 has elapsed.
In other words, the lower limit of the capacity RB1 of the read
15 buffer (1) 3902 is expressed by the following equation (8) with
use of the size Extent R Start of the top extent 4802R included
in the second 3D extent block 4812:
[0254]

RBL> CEIL -;-x Extent_R_Starth+]}ump_3DJme_L
(8)

Rud _3D

20 [0255]
<<Arrangement of Extents for Reducing Capacities of Read
buffers under First and Second Conditionss>
[0256]
The following will explain the arrangement of extents of

25 AV gtream files that satisfies both the above-degcribed first
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10 capacity R32 of the read buffer (2) 3911 of the 20/ 3D pl ayback device is
required to be no |l ess than 22.1 MB according to the Eq. (4) for avoiding
an overflow of the read buffer caused by the reading of the extent 5004R
On the other hand, the capacity R31 of the read buffer (1) 3902 of the

2D/ 3D pl ayback device 15 is required to be no less than 12.1 MB, which can
be obtained by substituting the value 22.1 MB into the variable Extent R in

Eq. (5) ffig éebﬁaTrkg; &ahr&% BnhoaﬁgléQ%Pe%@%hfﬁ%r%%éﬁﬂ ol e25 adi ng of

the extent 5 e arrangenent of extents shown in FI causes

an i nevi t@@'r&«éﬂ%@@%mcéazg 2a20c 0 14082 Y i %&Ieemeau@@é&ﬁﬂﬁe 50041.

of the first 3D extent bl ock 1 in order to séanl essly connect video

i mges playedvbackedh eMithea tua-3 exbentshdl eakss ©90a Ais 3008t 1 A1 @

result, the lower limts of the capacities of the read buffers RBI and
R32 i nevndiaé&sy HECONE] d A9 Vod Uesi ddsHi pPBoaifedr . 1ulMB, a25tsespecihyel v.

[0260; jump times based on the access speeds of optical disc drives
and the likes. Regarding the first embodiment, assume that the
jump performance of the BD-ROM drive 3901 of the 2D/3D playback
device is within the gpecifications shown in FIG. 22. For
convenience of explanation, further assume that the FJump

10 distance for the maximum jump time Tyump mex, 1.€., the maximum
jump distance Sjump max, 15 equal to a specified value required
of the 2D playback device. In particular, assume that the
maximum jump time Tjump max 15 700 msec, and the maximum jump
distance Sjump max 18 1/10 stroke (approximately 1.2 GB) and 40000

15 sectors (approximately 78.1 MB) without and with a layer
boundary between extents, respectively.

[C257]
FIG. 50 is a schematic diagram showing an example of the
arrangement of the extents when the BD-ROM disc 101 is a

20 multi-layer disc and a series of the AV stream files is separated
on two layers. As shown in FIG. 50, the series of the AV stream
files is divided into the first 3D extent block 5001 and the
second 3D extent block 5002 between which the layer boundary
5003 is located. Thus, long jumps LJ1 and LJ2 caused by layer

25 switching occur across the layer boundary 5003 in both a
playback path for playing back 2D video images from the blocks,

i.e., a 2D playback path 5011, and another playback path for
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In the 2D/ 3D pl ayback device, it is preferable that the 134 capacities of

t he read

a long junp is required,

buffers 3902 and 3911 are reduced as nuch as possible. Thus,

when

t he arrangenent of extents of AV streamfiles is

designed to separate a 2D video playback path and a 3D video pl ayback path
in the area to be 5 accessed imediately before the long junp. [0261]
51 is a schematic diagram showi ng an exanpl e of such an arrangenent.

FI G 51,
stream fi

E%lreas}@iar;ggﬂggf&i%ﬂ'e{nh% itrﬁﬁte@afr?ﬂﬂ%m boELS 9@, as Se/hEsS0i iV

irst 3D extent bl ock 01 and the

d into the 10

second 3Rt ey bl aekn5PA2 P@ﬁg“%ﬁgnwim they bayerehoupdary1 500315

| ocat ed.
extent bl

5

10

15

20

25

In contrast to FI G 50,

FI G
In

wever, FIG 51 shows that a 3D seanl ess

1085ty Si0dpardne 2R seam es5 axkent Hl0Znake AJANgeshhletdeyar ea
next to the recording area for storing the first 3D extent 15 bl ock 5001

and i mediaired ot ief ere haebayfigdowidarad R0k tTbe M2 seanbessxexhent
bl ock 5101 is a group of extents next in order

blocks 5001 and 5002 despite the long jumps requires both the
first and second conditions described above to be satisfied.
In FIG. 50, the extents of the 2D/left-view AV stream file and
the right view AV stream file are arranged in an interleaved
manner throughout the 3D extent blocks 5001 and 5002. In other
words, both the 2D playback path 5011 and the 3D playback path
5012 pass through the entirety of the 3D extent blocks 5001 and
5002. In particular, immediately before the long jumps LJ1 and
IJ2 in the 2D playback path 5011 and the 3D playback path 5012,
respectively, the last extent of the first 3D extent block 5001,
i.e., the extent 5004L of the 2D/left-view AV stream file is
to be accessed. Thus, the extent 5004L is required to satisfy
both the first and second conditions.

[0258]

As a result, the size of the last extent 5004L is determined
from the first condition, which is the condition for seamless
2D video playback. However, this size is generally greater than
the size determined from the second condition, which is the
condition for seamlesgss 3D video playback. This means that the
capacity of the read buffer (1) 3902 of the 2D/3D playback device
needs to be greater than the capacity required for 3D wvideo
playback. Furthermore, when extents of left-viewand right-view

AV stream files contain video streams whose playback periods
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after the extents 5004R and 5004L of the AV streamfiles included in the
first 3D extent block 5001. In the recording area for storing the 3D

seamnl ess extent block 5101, extents 5131L, 5131R, 20 ..., 5133L, and 5133R
bel onging to either of the AV streamfiles are arranged in an interleaved
manner simlar to that in the first 3D extent block 5001. The 2D seanl ess
extent 5102 is an extent including a contiguous sequence of copies of all

the ext enf% 3k} loa il 32lne ANGAI S0 L8 20| Blda Vi sW AV Streamas file

included in the 3D seanl ess extent block 5101. In other words, the 2D

seanl ess Rl X QA dyHaR0e taxeNhisbekpngingat @ither2BbkehbavigWry| stream
file and being next in order after the |ast extent 5004L included in the

first 3D ®xtaptoPheak1900khe 9262t the extddht PEoLRGAMIIIG tRANEASe SHHYN | N
FIG 51, a 2D video playback path 5111 and a 3D vi deo pl ayback path 5112

are desi gned 1asstb eb@lelhews 0 0ELS 54, a Bes feich 10/ tdieale wictdae phaydagk path
5111, the extent 5004L of the 2D/l eft-view AV streamfile included in the
firsts3D datteniiddddrddhel Soneatioantiot herandl ¢amp Dl itiect beaybaskan ess
extent 5102 occurs. The junp J1 causes the playback path 5111 to skip the
3D seanl essr epttientrdd=mok, @l capdinyoidfechsorgsd bhéfab feankess ekt ent

bl ock 5101 is not accessed in the 2D video playback. Furthernore, according
to the pleEybadk 3paphaphddk dGeviggneedp tdbe grehbesedon thB expanithl ock
5002 caused by layer switching occurs imediately after the 2D seani ess
extent S5IOXULredddr OF vhdest heavhaal, agcedkdi nlate 1s, by using the

arrangement of extents shown in FIG. 50, it is difficult to
10 further reduce the capacities of the read buifers 3902 and 3911
of the 2D/3D playback device.
[0259]
This can be represented by using concrete numerical values
as follows. For example, assume that the reading rate Rys of
15 the BD-ROM drive 1601 in the 2D playback device is 54 Mbps; the
reading rate Ryg 3p of the BD-ROM drive 3901 in the 2D/3D playback
device 13 90 Mbps; the first average transfer rate is 48 Mbps;
the second average transfer rate is 24 Mbps; and the jump time
of the long jump caused by laver switching, i.e., the total of
20 the layer switching time and the jump time of a jump over 40000
sectors, is 700 msec. In this case, the gize of the last.extent
5004L of the first 3D extent block 5001 is determined from the
Eq. (1) for seamless 2D video playback, not Eg. (8) for seamless
3D video playback. Considering the difference between bit
25 lengths of one gource packet and one TS packet, the actual value
to be substituted into the first average transfer rate Resx w

in the Eg. (1) is 48 Mbps x 192/188. Here, 1 Mb = 10° b and 1
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15 the 3D video playback path 5112, the extents 5004R and 5004L are read
one after another fromthe first 3D extent block 5001, and subsequently the
extents 5131L, 5131R, ..., 5133L, and 5133R are alternately read fromthe
3D seanl ess extent block 5201. After that, according to the playback path
5112, a long junp 20 LJ2 to the second 3D extent block 5002 caused by | ayer
switching occurs. The long junp LJ2 causes the playback path 5112 to skip

the 2D saa £sg. e enty 51| N ALher u0Eds..iha £ seanl goss exfent ;5102 1's

not accessed in the 3D video play Thus, the 0 ack path

5111 and theB30 ydgdeq Rl ayback pabhnadd2. 25, aalbbp(SLARSEL ed § medi atel y

before the respective long junps LJ1 and LJ2 in the recordi ng areas shown

in FlIG 5%3;)3_{&2.63]4.BA@.OTEE@Q%&&taReV&)ﬂ%ﬁe%?d@@%‘ﬁr@%ﬁxhcéﬁ%&iné@? 2D
pl ayback device reads the first® 3D extent block 5001 and, after the junp

J1, the 2 seamdessntexbent, HJ0RenAl4 €1 Mahe 4lsamgod WPokJigs | Reaghrokayback
devi ce reads the 3D extent block 5002. In 5 this case, the arrangenent of

the 2D seand ess extient bhO2vieedsstoesatdaina il Gondik enschersseani essly
pl ayi ng back 2D video images across the long junp LJ1. That is, the size of
the 2D seamtmesspaxdiand 5d02ndeedsatedbdmmadiese hdre idre ntind net ext ent
size calculated fromthe junp distance of the long junp LJ1, 10 and the
junp di stE=ed: needs toohdvee negraat el ayban kt tienarakheusm gaiop tdicsséanert
Sj unp_nax Accordingly, the size of the 2D seanl ess
5004R is 7.6 sec x 192/188 = approx. 22.1 MB, The extent 5004R
can be the top extent for interrupt playback. Accordingly, the
10 capacity RB2 of the read buffer (2) 3911 of the 2D/3D playback
. device is required to be no less than 22.1 MB according to the
Eg. (4) for avoiding an overflow of the read buffer caused by
the reading of the extent 5004R. On the other hand, the capacity
RB1 of the read buffer (1) 3902 of the 2D/3D playback device
15 ig required to be no less than 12.1 MB, which can be obtained
by substituting the value 22.1 MB into the variable Extent R
in Eq. (5) for aveoiding an underflow of the read buffer during
the reading of the extent 5004R. Thus, the arrangement of
extents shown in FIG. 50 causes an inevitable increase in size
20 of the last two extents 5004R and 5004L of the first 3D extent
block 5001 in order to seamlessly connect video images played
back from the two 3D extents blocks 5001 and 5002. As a result,
the lower limits of the capacities of the read buffers RB1 and
RB2 inevitably become large values 12.1 MB and 22.1 MB,
25 respectively.

[0260]

In the 2D/3D playback device, it is preferable that the
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extent 5102 is conparable with the size of the | ast extent 5004L shown in
FIG 50. On the other hand, under the condition to seanl essly play back 2D
vi deo i mages across the junp J1, the 15 size of the | ast extent 5004L of
the first 3D extent block 5001 needs to be no | ess than the m ni num extent
size calculated fromthe junp distance of the junp J1. However, the junp
time of the junp Li only needs to be I ong enough to skip the recording area

for storing,dhe 2l ?%%@%%a%xﬁﬁﬁe%%%?éﬁés %&%@&&%c@&'a%%@@hsm”ef

than the junmp tinme l'ong junp LJ1 in general. For this reason, the

size of tfiephaskpext efluoORhknl $ 1%@65@@&8?@@9&&*\%& hershgemehrthe 2D

seanl ess exFent 5102. As a result, the junp Jl1 does not affect the capacity

of the rese hubhers of Atvhgtzé)aﬁl@yin@@&sd@égg%neam@seba%a%@ PloryPagkodevi ce

can 25 seanl essly connect portions of the 2D video i hages with one anot her;
the portipnsysdex seaenkidald pophayed Backbhcempaie finr she3Rrext estbdl ock

5001, the 2D seam ess extent 5102, and
5 accessed immediately before the long jump.
[0261]

FIG. 51 is a schematic diagram showing an example of such
an arrangement. In FIG. 51, in a manner similar to that shown
in FIG. 50, a series of AV gtream files are divided into the

10 first 3D extent block 5001 and the second 3D extent block 5002
between which the layer boundary 5003 is located. In contrast
to FIG. 50, however, FIG. 51 shows that a 3D seamless extent
block 5101 and a 2D seamless extent 5102 are arranged in the
area next to the recording area for storing the first 3D extent

15 block 5001 and immediately before the layer boundary 5003. The
3D seamlegs extent block 5101 is a group of extents next in order
after the extents 5004R and 5004L of the AV stream files included
in the first 3D extent block 5001. In the recording area for
storing the 3D seamliegg extent block 5101, extents 5131L, 5131R,

20 .., 5133L, and 5133R belonging to either of the AV stream files
are arranged in an interleaved manner similar to that in the
first 3D extent block 5001. The 2D seamless extent 5102 is an
extent including a contiguous seguence of copies of all the
extents 5131L, 5132L, and 5133L of the 2D/left-view AV stream

25 file included in the 3D sgeamless extent block 5101. In other
words, the 2D seamless extent 5102 is one extent belonging to

the 2D/left-view AV stream file and being next in order after
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t he second 3D extent block 5002. [0264] According to the 3D video playback
path 5112, the 2D/ 3D pl ayback device reads the first 3D extent bl ock 5001
and 5 subsequently the 3D seanl ess extent block 5101, and after the |ong
junp LJ2, the second 3D extent block 5002. In this case, the arrangenent of
the extents 5131R-5133L included in the 3D seam ess extent block 5101 only
needs to satisfy the conditions for seanl essly playing back 3D video i mages

across t Bcgaeé ?ﬁtjéﬁ%rﬁ@sbéh ﬁ?&ﬁ%&%‘@#ﬁ%kﬁé e3P ﬁn?%éﬁﬁ &N o ock 5101

can i ncl e sane content as that o e 2D seanless extent 5102 in the
formdivigeginto the extents 5131L-5133L each smaller than the 2D sean ess
extent 5102. In addition to that, the extents 5131R-5133R can be snull er

than the extentn 8AE4R sheyihd BrELS sHAw®An the. ext ents BEEp Pd$B8R-kncl ude

the right-view streans
path 5111 and a 3D wvideo playback path 5112 are designed as

5 follows. First, according to the 2D video playback path 5111,
the extent 5004L of the 2D/left-view AV stream file included
in the first 3D extent block 5001 is read, and then a jump J1
to the 2D seamless extent 5102 occursg. The jump J1 causesg the
playback path 5111 to skip the 3D seamless extent block 5101.

10 In other words, the 3D seamless extent block 5101 is not accessed
in the 2D video playback. Furthermore, according to the playback
path 5111, a long jump VLJl to the second 2D extent block 5002
caused by laver switching occurs immediately after the 2D
seamless extent 5102 ig read. On the other hand, according to

15 the 3D video playback path 5112, the extents 5004R and 5004L
are read one after ancther from the first 3D extent block 5001,
and subsequently the extents 5131L, 5131R, .., 5133L, and 5133R
are alternately read from the 3D seamless extent block 5201.
After that, according to the playback path 5112, a long jump

20 LJ2 to the second 3D extent block 5002 caused by layer switching
occurs. The long jump LJ2 causes the playback path 5112 to skip
the 2D seamless extent 5102. In other words, the 2D seamless
extent 5102 ig not accessed in the 3D video playback. Thus, the
2D video playback path 5111 and the 3D videco playback path 5112

25 can be separated immediately before the respective long jumps
LJ1 and LJ2 in the recording areas shown in FIG. 51.

[0263]
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havi ng the pl ayback periods that overlap the playback periods of the

| eft-view streans contained in the extents 5131L-5133L, respectively. On

t he other hand, the 3D video playback path 5112 passes through the | ast
extent 5004L of the first 3D extent block 20 5001. However, the size of the
| ast extent 5004L is generally smaller than the size of the 2D seanl ess
extent 5102 as expl ai ned above. Accordingly, the size of the extent 5004R

i medi ately b extept,e5 ' e S ers1thRan shze of
t he extent 50%21%%1%{\/\%i§15FF%e %gﬂ%é%&rggég%&ﬂt{hggg%l 5’6%&%@% 25

devi ce nqlipRdbacicdRvIeAN 585k ORReEE tP&-RQAUHH 8Rs-Risdde 2318 Vi deari Mages
Wi th one "anot her, the portions sequentially played back fromthe first 3D

extent blek 3@l g1t hendD2peandRsss 8Xdefént Slda @Iﬂietrhﬁh&e@@ﬁ? $Lmpxt ent
bl ock 5002, but al so can reduce the capacities of the read buffers required

for the sean] ess pbaybagkabel dwide den®] $heeqpi ¢etkri0biHdwisdee payback
fromthe extents shown in FIG 50. 5[0265] This can be represented
by ushng tdoing keise , nuherda naslares odst el dweamnfesst exassiu s tchaeedadi ng
rate Rud of the BD-ROM drive 1601 included in the 2D pl ayback device, the
readi ng rtat eaRiicf3ntbe ¢dwed BDEROM i veaB9deEsilychlgeiing rbadie 22D 38epl ayback
images across the long jump LJ1. That is, the size of the 2D
seamless extent 5102 needs to be no less than the minimum extent
size calculated from the jump distance of the long jump LJIL,
10 and the jump distance needs to be no greater than the maximum
jump distance Sjump max. Accordingly, the size of the 2D seamless
extent 5102 is comparable with the size of the last extent 5004L
shown in FIG. 50. On the other hand, under the condition to
seamlessly play back 2D video images across the jump J1, the
15 size of the last extent 5004L of the first 3D extent block 5001
needs to be no less than the minimum extent size calculated from
the jump distance of the jump J1. However, the jump time of the
jump L1 only needs to be long enough to skip the recording area
for storing the 2D seamless extent block 5101, accordingly being
20 shorter than the jump time of the long jump LJY in general. For
this reason, the size of the last extent 5004L is generally
smaller than the gize of the 2D seamless extent 5102. As a result,
the jump J1 does not affect the capacity of the read buffer of
the 2D playback device. Thus, the 2D playback device can
25  seamlessly connect portions of the 2D video images with one

another; the portions are sequentially played back from the

first 3D extent block 5001, the 2D seamless extent 5102, and
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10 device, the first average transfer rate, the second average transfer
rate, and the junp tine of the long junp are equal to the val ues assuned
for the arrangenent shown in FIG 50, i.e., 54 Myps, 90 Mps, 48 Mops, 24
Mops, and 700 nsec, respectively. In this case, the size of the | ast extent
5004L of the first 15 3D extent bl ock 5001 is determned fromthe Eq. (1)
for seam ess 2D video playback, in a manner simlar to that in the case of

FIG 50. HoueyvelaondMmEotiast Lo,thecgase of FIG 50, the junp tine to be
substitute intoa%q. f§£¢s thatoég %ﬁg jump J1, i.e., the time required

for skippiggsihe recording area for storing 20 the 3D seanl ess extent. bl ock
5101. This junp tinme is generally shorter than the junp tine 700 nsec of

the long junp Addording,td Nensize Wladd1® 138 X baRh 3004L khe0enpEB! |y
smal | er than the size of the 2D seamnl ess extent 5102. For exanple, when the

size of thEapbhsceadbesseeiits btpek £33t i® nexgegat &1ddransdd008nd5
sectors, the junp tine is 350 nsec according to the specification in FIG

22. AscorghiibgbyueRcTPruiagrt seckfileck) extbhe Bigek of1dhe drastafextrefhe5004L
is (1/ (8 x 10242) ) x P - -exts X 350 nmsec x 54 Mops/ (54 Mops - Rext_L)
= appr ox.1@2g 2j M Ikder,e theheeachdabbDvaktent dhecls Histd 1 uredhiist eakbe first
average transfer rate Rexti, in Egq. (1) is 48 Mps x 192/ 188. Note al so
that 1 Mothe Og-dangmueeit ME th8xdQRd4Ath. STMLR hesk3hstunptdedsin ShiehaD

pl ayback time of the video streamcontained in the extent 5004L is 22.2
MB/ (48 Mopeanrlage crggnt=bippk ®l013081yaree® foesahis iy ddwe sbndakionat ai ned
in the extent 5004R corresponding to and i medi ately before the extent
5004L neelRT £63pd esivd Yy prapsadk3Piviislea heagpzadfogshehextant J80D4R i s

3.8 sec x 24 Mops 10 x192/188 = approx. 11.1 MB. The extent 5004R can be
t he t18p exf eniccordingly, the 3D seamless extent block 5101 can include

.the gsame content as that of the 2D seamless extent 53102 in the
form divided into the extents 5131L-5133L each smaller than the
2D seamless extent 5102. In addition to that, the extents
5131R-5133R can be smaller than the extent 5004R gshown in FIG.

15 50; the extents 5131R-5133R include the right-view streams
having the playback periods that overlap the playback periods
of the left-view streams contained in the extents 5131L-5133L,
respectively. On the other hand, the 3D video playback path 5112
passes through the last extent 5004L of the first 3D extent block

20 5001. However, the size of the last extent 5004L is generally
smaller than the size of the 2D seamless extent 5102 as explained
above. Accordingly, the size of the extent 5004R immediately
before the extent 5004L is generally smaller than the size of
the extent 5004R shown in FIG. 50. As a result, the 2D/3D playback

25 device not only can seamlessly connect the portions of the 3D
video images with one another, the portions sequentially played

back from the first 3D extent block 5001, the 3D seamless extent

138



for interrupt playback. Accordingly, the capacity R32 of the read buffer
(2) 3911 of the 2D/ 3D playback device is required to be no less than 12.1
MB according to the Eq. (4) for avoiding an overflow of the read buffer
caused by the reading of the extent 15 5004R On the other hand, the
capacity R31 of the read buffer (1) 3902 of the 2D/ 3D pl ayback device is
required to be no | ess than approx. 6.1 MB, which can be obtained by

Sverai g S L B8 BLU o M LRRRANGIXAE! 8008, HIEM R EnHeatad 0!

avoi di ng an un oW O e rea urrng’ the readin e extent

20 S004R e N0t ihal fdie il 36,01 Yl bl SXLENLB0R8IRA B hockbded {1

the 3D seanl ess extent IS not requited to satrs , thus

al | oved t:}%o daduead,f enkhe-leygl -00k; alhedi ng tvll%le%ag?Q bheg piofhhe read

buffers and 3911. In this manner, the arrangenent xtents shown in
FIG 51 anabls8sLad gt tionsi®f 3P video i mages played back fromthe two

3D extent bl ocks 5001 and 5002 to be seam essly connected with one anot her,
5 [0265]

This can be represented by using concrete numerical values
as follows. First, assume the reading rate Ry of the BD-ROM
drive 1601 included in the 2D playback device, the reading rate
Rug 3p ©f the BD-ROM drive 33501 included in the 2D/3D playback

10 device, the first average transfer rate, the second average
transfer rate, and the jump time of the long jump are equal to
the values assumed for the arrangement shown in FIG. 50, i.e.,
54 Mbps, 90 Mbps, 48 Mbps, 24 Mbps, and 700 msec, respectively.
In this case, the size of the last extent 5004L of the first
15 3D extent block 5001 is determined from the Eq. (1) for seamless
2D video playback, in a manner similar to that in the case of
FIG. 50. However, in contrast to the case of FIG. 50, the jump
time to be substituted into Egq. (1) is that of the jump J1, i.e.,
the time required for skipping the recording area for storing
20  the 3D seamlegs extent block 5101. Thisg jump time is generally
shorter than the jump time 700 msec of the long jump LJ1. Thus,
the size of the last extent 5004L is generally smaller than the
size of the 2D seamless extent 5102. For example, when the size
of the 3D seamless extent block 5101 is no greater than 40000
25 sectors, the Jjump time i1s 350 msec according to the
specification in FIG. 22. Accordingly, according to Eg. (1),

the size of the last extent 5004L is (1/(8 x 1024%)) x Rexr 1 X
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even if the sizes of the last two extents 5004R and 5004L of

the first 3D

extent block 5001 are small, in contrast to the arrangenent of extents
shown in FIG 50. As a result, the lower limts of the capacities RBl1 and
RB2 of the read buffers 3902 and 3911 can be reduced to 6.1 MB and 11.1 MB,
respectively. 5[0266] FIG 52 is a schematic diagram show ng the
correspondence rel ationshi p between playlist files and AV stream f| I es for

pl ayi ng back yidea |5rHa %QQ Mggjl gextents arr%%%roxshg\ynlzuggﬂ I(_i—l rg -

10[ 0267] For each pi ece ayi T &f-i'nfor rat i on

playl i St fid 252043 u;qu%or%ecgé 0BuEOBIERLER Turcs 88 ALrofaeLs. the
S B

connection condition CC may be set

i nf or mat i o sPest fanddg 2D, vllrg%g}[ 131p! & gb@gki\q]?ﬁée !Slhaj/l%@o

Concretely, the playitemi” nfor i on #1 speci t "the

Ir

section ishassi gned 1@t Reghir stMBLL @Qﬁm?bbocbé@ﬁésetﬁgéﬁ!ﬂ%s

video images to be played back fromthe extents #1 bel ongi ng

ayitem

st p?gyback
t@bhew ng

o the first

portien Ghe#llofbddie Abld eft tMeew b st eashm fdde- 20 inghbhex ELhst

pl ayback section. The playiteminformation #2

5004L is 22.2 MB/ (48 Mbps x 192/188) = approx. 3.8 sec. Since

the video stream contained in the extent 5004R corresponding

to and immediately before the extent 5004L needs to be the same

playback time, the size of the extent 5004R is 3.8 sec x 24 Mbps

10 x192/188 = approx. 11.1MB. The extent 5004R can be the top extent

for interrupt playback. Accordingly, the capacity RB2 of the

read buffer (2) 3911 of the 2D/3D playback device ig required

to be no less than 12.1 MB according to the Eq. (4) for avoiding

anoverflow of the read buffer caused by the reading of the extent

15 5004R. On the other hand, the capacity RB1 of the read buffer

(1) 3902 of the 2D/3D playback device is required to be no less

than approx. 6.1 MB, which can be obtained by substituting the

value 22.1 MB into the variable Extent R in Eg. (5) for avoiding

an underflow of the read buffer during the reading of the extent

20 5004R. Note that the size of any of the extents 5131R-5133L

included in the 3D seamless extent block 5101 is not required

to satisfy Eg. (1), thus allowed to be reduced to the level not

affecting the capacities of the read buffers 3902 and 3911. In

this manner, the arrangement of extents shown in FIG. 51 enables

25 the portions of 3D video images played back from the two 3D extent

blocks 5001 and 5002 to be seamlessly connected with one another,

even if the sizes of the last two extents 5004R and 5004L of

140



specifies that the second playback section is assigned to the 2D seanl ess
extent 5102, thereby allow ng video i nages to be played back fromthe
extent #7 belonging to the seventh portion Cip#7 of the 2D/ I eft-view AV
streamfile, i.e., the 2D seanl ess 25 extent 5102 during the second

pl ayback section. The playiteminformation #3 specifies that the third

pl ayback section is assigned to the second 3D extent bl ock 5002, thereby

al | owi ng ' | I C r e t belopging to
the T 1P bre St O SRt ERS IO o Sl AV et Fhaa FITabur PGt he
third pl aybacksSecld @ <kP288E i 83CHTRL afPS nEls 443 0fc Phal 160y

i nformation included in the main path 5202M specified by a 3D playlist file

5202, the gpnecdd emeConghti@RCGCrRES &8E M2 '¢F tHekRad BargarBeshbhon
condition CC may be set at "5". For each piece #1-443 of sub-playitem

i nfor mat i o0y i 3wl udedh ide s k04025 MBoabe 10. pl agedrbagkctively.
synchroni zation with the nmain path 5202M the
5 [0266]

FIG. 52 is a gchematic diagram showing the correspondence
relationship between playlist files and AV stream files for
playing .back video images from the extents arranged shown in
FIG. 51.

10 [0267]

For each piece #1-#3 of playitem information included in
a 2D playlist file 5201, the connection condition CC is set at
“6”. Here, the connection condition CC may be set at “5”. These
pieces #1-#3 of playitem information specify the 2D video

15 playback path 5111 shown in FIG. 51. Concretely, the playitem
information #1 specifies that the first playback section is
assigned to the first 3D extent block 5001, thereby allowing
video images to be played back from the extents #1 belonging
to the first portion Clip#l of the 2D/left-view AV stream file

20 during the first playback section. The playitem information #2
specifies that the second playback section is assigned to the
2D seamless extent 5102, thereby allowing video images to be
played back from the extent #7 belonging to the seventh portion
Clip#7 of the 2D/left-view AV stream file, i.e., the 2D seamless

25 extent 5102 during the second playback section. The playitem
information #3 specifies that the third playback section is

assigned to the second 3D extent block 5002, thereby allowing
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SP connection condition is set at "6" or "5". The main path 5202M and t he
subpat h 52025 specify the 3D video playback path 5112 shown in FIG 51.
Concretely in the nmain path 5202M the playiteminformation #1 specifies
that the first playback section is 15 assigned to the first 3D extent bl ock
5001, thereby allow ng video inmages to be played back fromthe extents #1
belonging to the first portion Cip#l of the 2D/l eft-view All streamfile

during theg: kLrs qu Q0 e R i t iwen Lfies
t hat ?hehgéé%%di%%%gﬁac &gigﬁf%n |§$assﬁgnedkﬁglE%%gkg%B%gsggﬁﬁéggﬁgxtent
bl ock 5104, 6Hl§rf%9¥ha%59%8£ & feps iJrmges 19, Derplayed Dack [t he
extents #3 belonging to the third portion Cip#3 of the 2D/l eft-view Al

strean1fi@@rgﬂgiaget@§i§§c§pgygégybgggt§§ﬁtion; and the playitem

i nformati on #3 specifies that the third playback section is assigned to the
25 second[@Psgxtent bl ock 5002, thereby allow ng video images to be played
back fromthe extents #5 belonging to the fifth portion

5 For each pieces #1-#3 of playitem information included in
the main path 5202M specified by a 3D playlist file 5202, the
connection condition CC is set at “6”. Here, the connection
condition CC may be get at “5”. For each piece #1-#3 of
sub-playitem information included in a subpath 52028 to be

10 played back in synchronization with the main path 5202M, the
SP connection condition ig set at “6” or “5”. The main path 5202M
and the subpath 52028 specify the 3D video playback path 5112
shown in FIG. 51. Concretely in the main path 5202M, the playitem
information #1 specifies that the first playback section is

15 assigned to the first 3D extent block 5001, thereby allowing
video images to be played back from the extents #1 belonging
to the first portion Clip#l of the 2D/left-view AV stream £ile
during the first playback section; the playitem information #2
specifies that the second playback section is assigned to the

20 3D seamiess extent block 5101, thereby allowing video images
to be played back from the extents #3 belonging to the third
portion Clip#3 of the 2D/left-view AV stream file during the
second playback section; and the playitem information #3
specifies that the third playback section is assigned to the

25 second 3D extent block 5002, thereby allowing video images to
be played back from the extents #5 belonging to the fifth portion

Clip#5 of the 2D/left-view AV stream file during the third
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Clip#5 of the 2D/l eft-view All streamfile during the third playback
section. On the other hand, in the subpath 5202S, the sub-playitem
information #1 specifies that the first playback section is assigned to the
first 3D extent block 5001, thereby allow ng video i nages to be played back
fromthe extents #2 5 belonging to the second portion Cip#2 of the
right-view AV streamfile during the first playback section; the

2551 ned T TR S e e T o o PR BR0hs TR 1
i mages t 0519@#91 Bdebacle SR e ﬁ%xggatc%f%.sb@mﬂ%w f]iQsttogﬁ.QﬁgggFrt h
4 o V s co p

portion dip the right-view reamfile during the s ayback

section; anekide isubsBhankhendidoremaldonpH3xeRaeil &S« thtat t hasthiyd

pl ayback section is assigned to the second 3D extent block 5002, théreby

al | owi ng 1 Teei hdrageged Oikegdt aysthdagkafeanphhr exbRnthe#Bxbehenggng 15 to
the sixth portion dip#6 of the right-view AV streamfile during the third

pl ayback iseténging [$26%e second Ther2lonl aybpek 6evibe regds-thew2Rv

seanl ess extent 5102 i medi ately before the long junp LJ1 according to the
2D 20 pl eyttredm ffiille d26ilng thesr bes ng labiea diosseatbassihye pubyphagktehe 2D
video images. On the other hand, the 2D/ 3D pl ayback device reads the 3D
seanl ess Bxtematbl oo kiS e dined dthely dief ereedrhe dlenddadmsecti oacder di ng
to the 3D playlist file 5202, thus being able to seam essly play back the
3D vi deo amigERed 25] ORGP secamlesOrextrnt édocdi hyokedihenenceddomgngo t he
first enbodi nent as expl ai ned above, a 3D seanl ess extent block and a 2D
seam ess VES@@mNages riex drad &d avieda besdofdiony theegxtehe #décbsdenging
imediately before a_long junp. In 3D and 2D vi deo pl ayback, the separate

r ecottfli ngt@rdis TeyFtE BPEREGOrhE Ll 3DH ek Bhe Bidlht VIO &rdeame f2be

seamnl ess extent are accessed, _respectively, 5 In this manner, _a 2D pl ayback
path and $BB'P| &¥FadeRhh BLaYbepkr & et 19 dPaCel Y befUPePLA¥ 1EE8pect i ve

l ong junps._This allo t he spLzes of extents. included in the 3D seanl ess
extgnjt lr)rlp HE#(OW%%O%%? gTRTTT nteDehidht Fgef FBi hBEjL?V?@CBf SPRELSB d&anl ess

cKLeN . LGRSl LbBgROR3 leclp deSLOnAle Aqugeodndle
only e setel g 9o 36 esa SBasse ol aviec Ldengndedun gl thet.
ext e Soa%de SAloshe.Ndh RS Honds l9hs g seatl ey dRde 12
pl ayback. As a result, 1t Is possibleto turther reduce the capacCities of
read buffersid® bee sacuredyin, SRV deocpbayback. [0271]
[0269]
The 2D playback device reads the 2D seamless extent 5102
immediately before the long jump LJ1 according to the 2D
20 playlist file 5201, thus being able to seamlessly play back the
2D video images. On the other hand, the 2D/3D playback device
reads the 3D seamless extent block 5101 immediately before the
long jump LJ2 according to the 3D playlist file 5202, thus being
able to seamlessly play back the 3D video images.
25  [0270]
On the recording medium according to the first embodiment

as explained above, a 3D seamless extent block and a 2D seamless
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Second Enbodi ment [02721 20The recordi ng nmedi um according to the second
enbodi nent differs that according to the first enbodi nent in an arrangenent
of extents in the recording areas to be accessed i mMmedi ately before/after a
l ong junp. O her features of the second enbodi nent such as the data
structure of the recording nedium 25 and the configuration of the playback
device are simlar to those of the first enbodi nent. Accordingly, the

fol 1 ow ng.Midde deserine.siged eatir s led ey necand enboditenldLLlggent
from those of the first eﬁ%odlnent. The expl-anation about the features of
the Secom%ﬁaé%§%éﬁyﬂbé¥69éfa'ﬂd%gtﬁ%%%.oﬁxiﬁﬁ BhESEDeGPQangﬂé &8 be found
t he expl anation about the first énbodirnent. 5[0273] Ié%. 53A and

53B are sghegrbheadagtadBasho W d beratf SraefeRts: BiscaxieRkSekPehfe
recording areas on the discs of the first and second enbodi nents,

respecti walask B reeobdi Bgadneas akeche bBecaseesssdabeissgeandvaijer a
|l ong junp. Like FIG 10 51, each of FIGS. 53A and 53B shows that a series

of A\ st reartfiid esnnerdi ¥i gdbodplaybaskfbish hd extenplblbekkSgathaadea
second 3D extent block 5302 between which a | ayer boundary 5303 is | ocated.
[0274] separated immediately before the respective long jumps. This
allows the sizes of extents included in the 3D seamless extent
block to be designed independently from the size of the 2D
seamless extent. In particular, it is possible to design the

10 sizes and the arrangement of the extents in the 3D seamless
extent block so as to satisfy only the conditicns for seamless
3D video playback. Independently of that, it is possible to
design the size and the arrangement of the 2D seamless extent
so as to satisfy only the conditions for seamless 2D video

15 playback. As a result, it is possible to further reduce the
capacities of read buffers to be secured in 3D video playback.
[0271]

Second Embodiment
[0272]

20 The recording medium according to the second embodiment
differs that according to the £irst embodiment in an arrangement
of extents in the recording areas to be accessed immediately
before/after a long Jjump. Other features of the second
embodiment such as the data structure of the recording medium

25 and the configuration of the playback device are similar to

those of the first embodiment. Accordingly, the following will

degcribe the features of the second embodiment different from
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150n the disc of the first enbodi nent as shown in FIG 53A, a 3D seanl ess
extent block 5311 and a 2D seaml ess extent 5312 are arranged in an area
next to the recording area for storing the first 3D extent bl ock

5301andi mredi at el ybefore the | ayer boundary 5303. Here, the 2D pl ayback
device, according to a 2D 20 video playback path 5321, reads the | ast
extent 5301L of a 2D/left-view AV streamfile included in the first 3D

extent bl 3 te or Hgﬁ"‘] er rdi e for
storing tﬁ‘%%% g%a ess gg%ént% clk r11'A‘H21%d E%g%nragtg ‘%1[3 geam ess
extent 5 :&Q gﬂg |5 ckideyie r.f junp
LJ1 fromt oun arﬁ/érg%gégtogt rééor%?n?%?g%% o‘?fs@qo%ff%ggg
second 30@xseMhedk 0cka5I02. frider G hek, ke ide 20030 pdk?é’b%‘i%s‘éev' ce,
according to a 3D video playback path 5322, reads the last extent 5301L
i ncl uded dmpddpendhe st 3D extent bl ock 5301, subsequently reads the 3D
seanl ess extent block 5311, and then perforns a long junp LJ2 fromthe
recorgi ngi@e®a) for storing the 2D seanl ess extent 5312 5 across the | ayer
boundary 5303 to the recording area for storing the second 3D extent bl ock
5302. FIGS. 532 and 53B are schematic diagrams showing the

arrangements of extents in the recording areas on the discs of
the first and second embodiments, respectively. The recording
areas are to be accessed before and after a long jump. Like FIG.

10 51, each of FIGS. 53A and 53B shows that a series of AV stream
files is divided intoc a first 3D extent block 5301 and a second
3D extent block 5302 between which a layer boundary 5303 is
located.

[0274]

15 On the disc of the first embodiment as shown in FIG. 5324,
a 3D seamless extent block 5311 and a 2D seamlessg exteht 5312
are arranged in an area next to the recording area for storing
the first 3D extent block 5301 and immediately before the layer
boundary 5303. Here, the 2D playback device, according to a 2D

20 video playback path 5321, reads the last extent 5301L of a
2D/left-view AV stream file included in the first 3D extent
block 5301, next performs a jump JA over the recording area for
storing the 3D seamless extent block 5311, and then reads the
2D seamless extent 5312. Subsequently, the 2D playback device

25 performs a long jump LJ1 from the layer boundary 5303 to the
recor&ing area for storing the second 3D extent block 5302. On

the other hand, the 2D/3D playback device, according to a 3D
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[0275] The size of the last extent 5301L is designed so that an
underf | ow would not occur in the read buffer during the junp 10 JA in the
2D vi deo pl ayback path 5321. Accordingly, if the size of the 3D seanl ess
extent block 5311 were excessively large (e.g. , larger than 40000 sectors)
, the junp tine of the junp JA would be set at 700 nsec according to the
specification shown in FIG 22. In this case, this junp tine wuld be

conpar ablgj déo WikRobbe pasR 4138, deddRechantstimkdell: sandracso1daogl y, the
| ast extent 5301 L would be inevitably designed to have a simlar size to

the 2D seairtess denBrS3kZenkubt beknersed, batiBsthae2P13nde3B:svtHe03 Pl ayback
pat hs 5321 and 5322 pass through the | ast extent 5301L, and accordi ngly,

t he exteniedBHR ienmditabebyx263bef oagdt tieeh asdr Bxh@Nta 3304 jwapl dral so be
designed to have an excessively large size in a manner simlar to that
shown i n FEtdh the. radwsdinog lathr Eatresteorisk tfe ppevehl&gs kedeali ®R12 N
capacity of read buffers. [0276] 250n the disc of the second enbodi nent,

t he 3D sexrmess tertlentebbotkda3y1s hay togtlze siererddrngearéhdoraspoeied er m ned
t hreshold value (e.g. , 40000 sectors) as shown in FIG 53A is divided
into a fithke SPovhrlsxtenteildtlock3G311F and a second 3D seanl ess ext ent
bl ock 53113 as shown in FIG 533. The first 3D seanl ess extent bl ock 5311F
is arrange®® 7T the area next to the recording area for storing the first 3D
extent block 5301 5 and imedi ately before the recording area for storing
the 2D seam esS'téxEeRE BBIPhe GRtthexbemér SRAARY, 18 HeSeserd STDtHa&nkRss
extent block 53113 is arranged in the area on anaother recording |ayer next
to the |a{§7é?fe P SBEPQRF U Ed &8 eBEr SRELEReIHELBEIFRE AWBR f or

sCoruB, U ;5ceRRd D sebent bl ock 5302, 101 0272, The 20 ol avpack, devi e
noluded 0 phe 3 18 AR RN A0k 8300 PUPSEGUEDELY PELT 9" 1B, 2] urp 9B
(e.g., larger than 40000 sectors), the jump time of the jump
JA would be set at 700 msec according to the specification shown
in FIG. 22. In this case, this jump time would be comparable
15 with the jump time of the long jump LJ1, and accordingly, the
last extent 5301 L would be inevitably designed to have a similar
size to the 2D seamless extent 5312, Furthermore, both the 2D
and 3D video playback paths 5321 and 5322 pass through the last
extent 5301L, and accordingly, the extent 5301R immediately
20  before the last extent 5301L would also be designed to have an
excessively large size in a manner similar to that shown in FIG.
50. This would create a risk of preventing reduction in capacity
of read buffers.
[0276]
25 On the disc of the second embodiment, the 3D seamless

extent block 5311 having a size larger than a predetermined

threshold value (e.g., 40000 sectors) as shown in FIG. 532 is
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recording area for storing the first 3D seaml ess extent block 15 5311F, and
then reads the 2D seam ess extent 5312. After that, the 2D pl ayback device
performs a long junp LJ1 fromthe | ayer boundary 5303 over the recording
area for storing the second 3D seanl ess extent block 5311B to the recording
area for storing the second 3D extent block 5302. On the other hand, the
2D/ 3D 20 pl ayback device, according to a 3D video playback path 5332, reads

subsequert] v eadE P Teek S5 Bua Skl i s it Bfdeonda
the 20/ 30l auhack eyl 6 cPELLOE @ A d 00 R L2 1¢ omsshegpecerdipg area

for storing the seanl ess ext ent across t | 'ayer oun ary 5303

to the regording AL, tahSHOLERE I NEr SL%CQQ&La%Q seanl @ss £dLRkxR! 06K
53113. Then, the 2D/ 3D pl ayback device subsequéntly reads the second 3D

sean ess @xd eRlcdiDGly 5@‘%&3f%EdSEB§1§§CQHQ B SX 18N kxRlogkn230%. 53 §278]
The first 3D seamnl ess extent block 5311F is designed so that its size would
not egceethd jpmedetaidlnast tdre iRl doddBing area for storing the 2D
seamless extent 5312. On the other hand, the second 3D seamless
extent block 5311B is arranged in the area on another recording
layer next to the layer boundary 5303 and immediately before
the recording area for storing the second 3D extent block 5302,
10 [0277]

The 2D playback device, according to a 2D video playback
path 5331, reads the last extent 5341L included in the first
3D extent block 5301, subsequently performs a jump JB over the
recording area for storing the first 3D seamlesg extent block

15 5311F, and then reads the 2D seamless extent 5312. After that,
the 2D playback device performs a long jump LJ1 from the layer
boundary 5303 over the recording area for storing the second
3D seamless extent block 5311B to the recording area for storing
the second 3D extent block 5302. On the other hand, the 2D/3D

20 playback device, according to a 3D video playback path 5332,
reads the last extent 5341L included in the first 3D extent block
5301, subsequently reads the f£irst 3D seamless extent block
5311F. After that, the 2D/3D playback device performs a long
jump LJ2 from the recording area for storing the 2D seamless

25 extent 5312 across the layer boundary 5303 to the recording area
for storing the second 2D seamiess extent block 53113. Then,

the 2D/3D playback device subsequently reads the second 3D
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5 This can reduce the size of the |ast extent 5341L, and accordingly reduce
the size of the extent 5341R inmedi ately before the | ast extent 5341L. On
the other hand, the long junp LJ1 perfornmed in the 2D video pl ayback path
5331 has a |l onger junp distance extended by the size of the second 3D

seanml ess 10 extent block 53113. However, according to the specification
shown in FIG 22, such an extension of junp distance does not change the

junp timeof fhe e%%atg{gagoag%mg Qﬁ&%hewgéééq%ts chgﬂttm%edg&gwe | ong

junp LJ1 renalns t no su anfi al
change ispq4 red in the size of the 15 2D seanl ess extent 5312. Thus, the
capacity of each read buffer can be reduced even when the overall size of

the 3D seanl essriextants bhecks n3d ik é‘i@éeé@%ﬁ:&]@@ﬁ%ﬂ 1igS d%é%%%%'dvéby
llarge. [0279] Third Enmbodi ment 20[0280] The recording nedi um according to

the thirdiempedisnenie dichiRf fot NatcALE ar 988t Orhiged itiRle £1PQMLARAE . i N the

arrangenments of extents in the recording area ( s) to be accessed

i medsat etyi 9etane fed@dg jtiD. s{Eoef eahdr e &heehbi rab 25, enhadi ment
such as the data structure of the recordi ng nmedium and the configuration of

t he pl aybesdot®ingey aredstai tiae &0z hoserbé &heehitrst4aerRboflingBAbtely
Accordingly, the followng will describe the features of the third
enbodi nente thfé ertentlabrtoaxtans s 411 heor ithst oehbodhamd} .t Hdhd cexpljanat | on
about the features of the third enbodinment simlar to those of the first
enbodi nrentJ T grehieofmddn thehaDexpfiangy laybabowatihé ¥i dtash acirbodement .
[9281] jump distance extended by the size of the second 3D seamless
10 extent block 5311B. However, according to the specification
shown in .FIG. 22, such an extension of jump distance does not
change the jump time of the long jump LJi. In other words, the
jump time of the long jump LJ1 remains to be 700 msec, for example.
Therefore, no substantial change is required in the gize of the
15 2D seamless extent 5312. Thus, the capacity of each read buffer
can be reduced even when the overall size of the 3D seamless
extent blocks 5311F and 5311B combined is excessively large.
[0279]
Third Embodiment
20 [0280]

The recording medium according to the third embodiment
differs that according to the £first embodiment in the
arrangements of extents in the recording area(s) to be accessed
immediately before a long jump. Other features of the third

25 embodiment such as the data structure of the recording medium

and the configuration of the playback device are similar to

those of the first embodiment. Accordingly, the following will
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FIG 54 is a schematic diagram show ng the arrangenents of extents in the
recordi ng area(s) on the disc of the third enbodi nent. The recording
area(s) is to be accessed 10 immedi ately before a long junp. Like FIG 51,
FIG 54 shows that a series of All streamfiles is divided into a first 3D
extent block 5401 and a second 3D extent bl ock 5402 between which a | ayer
boundary 5403 is |ocated. [0282] 15The disc of the second enbodinent IS

Structur %ﬁ%ﬁ#b% @da :ﬁﬁ% t’{%ei%e%@ oS Ee.i‘fi‘?r@it e%%@ém@ﬁ%%ﬁ@?é?% 1% | ar ger

than a pre d value sectors ed into

the first: R searl e3x eﬂf@& le%lalﬁ%w afl t B8-5868Rd 63D Seal eE ext ent

bl ock 53113 as shown in FIG . In contrast 20 to this, the disc of t he

third enbodiv@rds icy %héu@lﬁi'fc?%n%tﬁhrﬁé}% ARQther - 3D 56881 65 ¢ Hext ent 5412F
different fromthe original 2D seanl ess extent 5412B is newl y added as

shown i n dntbedblendheanenby raddad 12D grand:gsimrexd &M Md2F end thegeri gi nal
2D seanl ess extent 54123 are hereinafter referred to 25 as the first 2D

seanl pss exbeiimedd2F and the second 2D seanl ess extent 54123,
respectively. The first 2D seaml ess extent 5412F is arranged in the area
next to the2gEkcording area for storing
FIG. 54 is a schematic diagram showing the arrangements
of extents in the recording area(s) on the disc of the third
embodiment. The recording area(s) 1s to be accessed
10 immediately before a long jump. Like FIG. 51, FIG. 54 shows that
a series of AV stream files is divided into a first 3D extent
block 5401 and a second 3D éxtent block 5402 between which a
layer boundary 5403 is located.
[0282]
15 The disc of the second embodiment is structured such that
the 3D seamless extent block 5311 having a size larger than a
predetermined threshold value (e.g., 40000 sectors) is divided
into the first 3D seamless extent block 5311F and the second
3D seamless extent block 5311B as shown in FIG. 53B. In contrast
20 to thig, the disc of the third embodiment is structured such
that another 2D seamless extent 5412F different £rom the
original 2D seamless extent 5412B is newly added as shown in
FIG. 54. The newly added 2D seamless extent 5412F and the
original 2D seamlegg extent 5412B are hereinafter referred to
25 as the first 2D seamlesgs extent 5412F and the second 2D seamless

extent 5412B, respectively. The firsi 2D seamless extent 5412F

is arranged in the area next to the recording area for storing
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the first 3D extent block 5401 and i medi ately before the recording area
for storing a 3D seanl ess extent block 5411. The first 2D seanl ess extent
5412F is one extent belonging to the 2D/l eft-view AV stream fil e and bei ng
next in order after the 5 | ast extent 5441L included in the first 3D extent
bl ock 5401. On the other hand, the second 2D seanl ess extent 5412B i s
arranged in the area next to the recording area for storing the 3D seani ess

bl 4
géé?ﬂnéss ext e%%%%‘il?gg i'S %nﬁqgc tﬁhfo }?yg gﬁéﬂﬁg to idgL %Iﬁ%&@vggev AV
stream fil& ang Dekng next é%r%%% # el e d b&%&%?@@%@iﬁ n?‘h@”t

5412F. In this cdse, a copy of e conbi nation of the seanl ess

extents SALIR and (4428-ES o Kbdeds L ok0s ST egx@ﬁtemo?@%@ 8438het hat

belong to the 2D/l eft-view All streamfile and are arrangéd in the 3

seam ess Jp/ extenti b 8K s54bhm F9283hndhse 28 phaybagk cﬁ:@é‘rcﬁft@%C@hgl ng to
a 2D video playback path 5421, reads the | ast extent 5441L included in the

firsts3D exdterixddrock 42401 nandasubseotient £ yrseads odterfd bsbe2Ds201sean ess
extent 5412F. After that, the 2D playback device perforns a junp JA over

t he recorah nghar eahéor hatdr, i nhd hee Sdhdean esamdxisentestiaok 5414 and t hen
reads the second 2D seanl ess extent 54123. Furthernore, the 2D pl ayback
devi ce perfmormped inonge jaume héktf tomideelcayer dgpoandar §ob 403 rtiog hbe25
recording area for storing the second 3D extent bl ock 5402. On the other
hand, the3R2BE3Dlpkaydivknidbliocd, 54Tt andi pgfove&@Dlayer boundary 5403 .
The second 2D seamless extent 5412B is one extent belonging to
10 the 2D/left-view AV stream file and being next in order after
the first 2D gseamless extent 5412F. In this case, a copy of the
combination of the two 2D seamless extents 5412F and 5412B is
divided into smaller extents 5431L-5433L that belong to the
2D/left-view AV stream file and are arranged in the 3D seamless
i5 extent block 5411.
[0283]
The 2D playback device, according to a 2D video playback
path 5421, reads the last extent 54411 included in the first
3D extent block 5401, and subsequently reads the first 2D
20 seamless extent 5412F. After that, the 2D plavback device
performs a jump JA over the recording area for storing the 3D
seamless extent block 541il, and then reads the second 2D
seamless extent 5412B. Furthermore, the 2D playback device
performs a long jump LJI from the layer boundary 5403 to the
25 recording area for storing the second 3D extent block 5402. On

the other hand, the 2D/3D playback device, according to a 3D

videoc playback path 5422, reads the last extent 5441L included
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vi deo pl ayback path 5422, reads the |ast extent 5441L included in the
first 3D extent bl ock 5401, subsequently perforns a junp JC over the
recording area for storing the first 2D seaml ess extent 5412F, and then
reads the 3D seanl ess extent block 5411. After that, the 2D/ 3D pl ayback
device perfornms a long junp LJ2 5 fromthe recording area for storing the
second 2D seanl ess extent 5412B across the | ayer boundary 5403 to the

di tar | D th
20 vi deo Bl SyRaci ATy EABT E R s IA epar 0oL R T St Bt ent
5441L i ngjudgd,i 'Ehtghg‘efcb&%ltin 28%berbbleck i9401nandithe shrsiagirsgan ess
extent 5412F have been sequentially read. HenCe, the size of the first 2D

seam ess £xI80 524328 showdl Pe-dasignedsyemt Bat dhesvenallk size of the
extents 54411 and 5412F conbi ned satisfies the conditions 15 for preventing

an under fasy @hatherheagh bith framydingetined gﬁ@féﬁmgwil&:@gu&l@dy@@ t he
size of the | ast extent 5441L, and thus reduce the size of the extent 5441R

i mreds at efporbedios eréderd asy exbentor44toriiPafle 20videxnt Seamband, in
the 3D video playback path 5422, the junp JC occurs over the recording area
for storigyrdrte F4i2H a2RDceanhes 3 agxire boundib2fy. SAoGoLdi hhkyretbedsnge of
the | ast extent 5441L needs to satisfy the conditions for preventing an
underf | cwesdd feachsteathduiiersetwrnd@ hexiemp BCckHowe2r, the 25 junp
di stance of the junp JCis sufficiently shorter than the junp di stance of
the long [@@B2ILJ2 in general. Hence, the
In the 2D video playback path 5421, the jump JA occurs
10 after the last extent 5441L included in the first 3D extent block
5401 and the first 2D seamless extent 5412F have been
sequentially read. Hence, the size of the first 2D seamless
extent 5412F should be designed such that the overall size of
the extents 5441L and 5412F combined satisfies the conditions
15 for preventing an underflow of the read buffer during the jump
JA&. This can reduce the size of the last extent 5441L, and thus
reduce the size of the extent 5441R immediately before the last
extent 5441L.
[0285]
20 . On the other hand, in the 3D video playback path 5422,
the jump JC occurs over the recording area for storing the first
2D seamless extent 5412F. Accordingly, the size of the last
extent 54411 needs to satisgfy the conditions for preventing an
underflow of each read buffer during the jump JC. However, the
25 qump distance of the jump JC is sufficiently shorter than the

jump distance of the long jump 1L.J2 in general. Hence, the

addition of the first 2D seamless extent 5412F doegs not

151



addition of the first 2D seam ess extent 5412F does not 151 substantially
affect the capacities of the read buffers in the 2D/ 3D pl ayback devi ce.
Thus, the capacities of the read buffers can be reduced even when the size
of the 3D seamnl ess extent block 5311 is excessively large. 5[0286]

FIG 55 is a schematic diagramshow ng the correspondence rel ationship
between playlist files and AV streamfiles for playing back video inages

accor di n%dk@sﬂaﬂ?cﬁiﬁma%f?d'taﬂﬁédcﬁﬁaéfﬁ)ws id¥ EhG roda thH A28l nThEe

connection condition 'CC of "6" is set to each piece #1-4*3 of playitem
i nf or mat izayy Ithph g ciknd@v 28- Pliaild ,Sthbi ¢ b0di e Ablref Hatlae@] Yur b8

connection condition CC of "5" may be set to each piece #1-#3 of the
“pl ayi t emdai penBddered Elenldhdh &Yt £0% & RffOfHBRIDOSc &kt 453 spegidf besckhe 2D

vi deo pl ayback path 5421 shown in FIG 54. Concretely, the playitem
i nf or mat isEL#1li spectddesvéatldhe=first pl ayback section is assigned to the
first 3D extent bl ock 5401, thereby allow ng video i mages to be played back
fromihe @asaits #1 belonging to the first portion
FIG. 55 is a schematic diagram showing the correspondence
relationship between playlist files and AV stream files Zfor
playing back video images according to the extents arranged as
shown in FIG. 54.
10 [0287]
The connection condition CC of “6” is set to each piece
#1-§3 of playitem information included in a 2D playlist file
5501. Alternatively, the connection condition CC of “5” may be
set to each piece #1-#3 of the playitem information. The
15 playitem information #1-#3 specifies the 2D video playback path
5421 shown in FIG. 54. Concretely, the playitem information #i
specifies that the first playback section is agsigned to the
first 3D extent block 5401, thereby allowing video images to
be played back from the extents #1 belonging to the first portion
20 Clip#l of the 2D/left-view AV stream file during the first
playback section. The playitem information #2 specifiesg that
the second playback section is assigned to the first and second
2D seamless extents 5412F and 5412B, thereby allowing video
images to be played back from the 2D seamless extents 5412F and
25 5412B, i.e., the extents #7 belonging to the seventh portion

Clip#7 of the 2D/left-view AV stream file during the second

playback section. The playitem information #3 specifies that
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20 Cip#l of the 2D/l eft-view AV streamfile during the first playback
section. The playiteminformati on #2 specifies that the second pl ayback
section is assigned to the first and second 2D seam ess extents 5412F and
5412B, thereby allow ng video images to be played back fromthe 2D seanl ess
extents 5412F and 25 54123, i.e. , the extents #7 belonging to the seventh
portion dip#7 of the 2D/l eft-view AV streamfile during the second

bl ayback aerrard PSR AET BT LR SETEhe ' Bl oRo5REehE: ooy
The 111 n Bort v T e et kel e D o0ty b2 %e%}?ﬁgbﬁﬂet ’

third playhack.sects 1? %:].ng-_arh oCPRBeEi kPR 899&5&1%1 o£bthkS set
to each piece #1-#3 o aylt n1|n ormation I nc uded In a |n path 5502M
speci fi edzﬂi’)f’l@féD\rPéw?\)ﬂv §Erfehﬁef§§@%iuﬂﬂgef:ﬂ@t tWEFY Fﬂé}%a@@@%@ﬁ:h@ﬂ
condition CC of "5" be set to each piece #1-#3 10 of the playitem

|nforaat|p@28®@anmhlle t he SP connecti on

The connection condition CC of V67 is set to each piece

#1-#3 of playitem information included in a main path 5502M
specified by a 3D playlist file 5502. Alternatively, the
connection condition CC of “5” may be set to each piece #1-#3

10 of the playitem information. Meanwhile, the 8P connection
conditicn of “5” or “6” is set toeachpiece #1-#3 of sub-playitem
information included in a subpath 55028 to be played back in
synchronization with the main path 5502M. The main path 5502M

and the subpath 55028 define the 3D videc playback path 5422

15 shown in FIG. 54. Concretely, the playitem information #1 in
the main path 5502M specifies that the first playback section

is assigned to the first 3D extent block 5401, thereby allowing
video images to be played back from the extents #1 belonging

to the first portion Clip#l of the 2D/left-view AV stream file

20 during the first playback section. The playitem information #2
specifies that the second playback section is assigned to the

3D seamless extent block 5411, thereby allowing video images

to be played back from the extents #3 belonging to the third
portion Clip#3 of the 2D/left-view AV stream file during the

25 second playback section. The playitem information #3 specifies
that the third playback section is assigned to the second 3D

extent block 5402, thereby allowing video images to be played
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condition of "5" or "6" is set to each piece #1-#3 of sub-playitem

I nformation included in a subpath 55025 to be played back in

synchroni zation with the nain path 5502M The main path 5502M and t he
subpat h 5502S define the 3D video playback path 5422 15 shown in FIG 54.
Concretely, the playiteminformation *1 in the main path 5502M specifies
that the first playback section is assigned to the first 3D extent bl ock

5401, therehy cablom 0 Xidlen, Langes hos be pbayed diatk bpemphe-etant s #1

bel onging to the first portio | p#1-0 e 2D/l e ew AV streamfile 20

during thg fiyst ack 5eal dhesphayhhemhintee ekl A plappesifies
that the seé:oﬁz2gﬁg%§§cggseec%i{]oﬁefg asgi gned to ?he 3D seam%%é ext ent

bl ock 54%kc ke eheAldomiHg Mﬁ@egubﬂ?9§§i¥:@mb3_n@|o§¥@@i%cl#lf rem die
extents #3 belonging to the third portion Cip#3 of the 2D/l eft-view AV

stream fidughitd s de Seseepad phaybask Fasidonplakheadd ayddtersn nfor mati on
#3 specifies that the third playback section is assigned to the second 3D
5 assigned to the first 3D extent block 5401, thereby allowing
video images to be played back from the extents #2 belonging
to the second portion Clip#2 of the right-view AV stream file
during the first playback section. The sub-playitem information
#2 specifies that the second playback section is assigned to

10 the 3D seamless extent block 5411, thereby allowing video images
to be played back from the extents #4 belonging to the fourth
portion Clip#4 of the right-view AV stream file during the
second piayback section. The sub-playitem information #3
specifies that the third playback section is assigned to the

15 second 3D extent block 5402, thereby allowing video images to
be played back from the extents #6 belonging to the sixth portion
Clip#6 of the right-view AV stream file during the third
playback section.

[0289]

20 In accordance with the 2D playlist file 5501, the 2D
playback device reads the first 2D seamiess extent 5412F
immediately before the jump JA and the second 2D seamless extent
54128 immediately before the long jump LJ1l. This enables the
2D playback device to gseamlessly play back 2D video images. On

25 the other hand, in accordance with the 3D playlist file 5502,
the 2D/3D playback device performs the jump JC over the

recording area for storing the first 2D seamless extent 5412F
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extent block 5402, thereby allow ng video i nages to be played back from
the extents #5 belonging to the fifth portion Cip#5 of the 2D/l eft-view AV
streamfile during the third playback section. Meanwhile, the sub-playitem
information #1 in the subpath 55028 specifies that the first playback
section is 5 assigned to the first 3D extent block 5401, thereby allow ng
video images to be played back fromthe extents #2 belonging to the second

POTLE O QPTR! e Lot a4l U AMLSLY EARLIL! £ ULl 091§ el df S4Bl pyDack

section. e Sub-playitem’ nior ion specifrest e secon | ayback

section i fgﬁ%' fent 4 t

al | ow ngb\%’:i eo ?ﬁ%ge&sr&[ igglglngg.?gg\?gg:rﬁfﬁir%%ﬁ:&@ez e)xétagﬁtl gyﬁ%ﬂge@%\?]%?gng to
the fourtdy UG} %_prbég]@ 90 Ghiadd ewnfyestream file during the
second pl ayback section. The sub-playitemintormation #3 specifies that the

third pl ayhagk section is assigned to the 15 second 3D extent bl ock 5402,
thereby allowing video i mages to be played back fromthe extents #6
bel ongi ngNxddhe sixth portion Cip#6 of the right-view All streamfile
during the third playback section. [0289] 20l n accordance with the 2D
playlist fdde15501, the 2D pl ayback device reads the first 2D seanl ess
extent 5412F imedi ately before the junp JA and the second 2D seam ess
extent 5412B i miedabhbekyf bedtonre thérbongbedimehdd haMd saehad] @susded 2D
pl ayback device to seam essly play back 2D video i mages. On 25 the ot her
hand, i nleocbordancegs ehtehes3Dgy agtostihglae3B502ec te t2B BE-qprayback
device perforns the junp JC over the recording area for storing the first
2D seanl éwxsliant eHows¥¢2F the present invention may also be utilized when
10  recording a high frame rate video on the recording medium. In
this case, video data of the high frame rate video is divided
into odd-numbered frames and even-numbered frames; the video
data of the odd-numbered frames is regarded as constituting the
2D/left-view stream, while the video data of the even-numbered
15 frames is regarded as constituting the right-view stream. This
allows recording the video data of the high frame rate video
on a recording medium, particularly on a BD-ROM disc, so that
their extents are arranged in the same manner as the extents
of the AV stream files described in the above embodiments. With
20 such a BD-ROM disc on which the high frame rate video is thus
recorded, the 2D playback device can play back a video from the
odd-numbered frames, while the 2D/3D playback device can
selectively perform one of (i) playing back a video from the
odd-numbered frames and (ii) playing back the entire high frame
25 rate wvideo. This makes it possible to ensure compatibility

between a recording medium on which a high frame rate video is

recorded and a 2D playback device, i.e., a playback device
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and then reads the 3D seanl ess extent block 5411 i mredi ately before the

|l ong junp LJ2. This enables the 2D/ 3D pl ayback device to seanl essly pl ay
back 3D video i mages. [0290] 5 <Notes> [0291] The above first to third
enbodi nents have each di scussed how to arrange extents when recording a 3D
video on the recordi ng nedium However, the present invention may al so be
utilized when 10 recording a high frane rate video on the recordi ng nmedi um

In this ¢ Vi [ fra a [ ' L.vided. into

odd: numb S B Tes S L Rt e dder St E g HPGmne EEh g e

odd- nunbe dgrames I's regarded as constituting the 2D/l eft-view stream
€

whil e the video data of the even-nunbered 15 franes is regarded as

constitutigy{Ae.dd O -miswstLeam This allows recording the video data of
the high franme rate video on a recording nedium particularly on a BD- ROM
disc, so tdwdstheir extents are arranged in the sane manner as the extents

53 It has been described in the above embodiments that, as
shown in FIGS. 312 and 31B, DTSs and PTSs allocated to the
pictures of the 2D/left-view stream 3101 and the right-view
stream 3102 alternate at intervals of TD along STC.
Alternatively, PTSs allocated to a pair of pictures of the

10 2D/left-view stream and the right-view stream, which realizes
one 3D video frame/field, may have the same value. This
structure ig suitable especially for a display device that
displays a left video and a right video simultaneously.
[0294]

15 FIGS. 56A and G56B are schematic diagrams showing
relationships between PTSs and DTSs allocated to pictures of
a 2D/left-view stream 5601 and a right—view gtream 5602,
respectively. In FIGS. 56A and 56B, DTSs are alternately
allocated to the pictures of the video streams 5601 and 5602

20 at intervalsg TD along STC, in the same manner as that shown in
FIGS. 31A and 31B. Here, each interval TD is equal to a half
of one frame or field period TFr. On the other hand, the same
PTS is allocated to each pair of pictures of the 2D/left-view
stream 5601 and the right-view stream 5602, from which one 3D

25 video frame/field is to be reproduced. For example, a pair of
left and right images is played back from the pair of the I,

picture 5611 of the 2D/left-view stream 5601 and the P; picture
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of the AV streamfiles described in the above enbodi nents. Wth 20 such a
BD- ROM di sc on which the high frane rate video is thus recorded, the 2D

pl ayback device can play back a video fromthe odd-nunbered franmes, while

t he 20/ 3D pl ayback device can selectively performone of (i) playing back a
video fromthe odd-nunbered franmes and (ii) playing back the entire high
frame 25 rate video. This nakes it possible to ensure conpatibility between

di ' whi hi gh f ' ' 2D
a recor di fg, redy %&&%&-&%%g%}e&{&%df‘.‘ég_r%e'bﬁ%‘l(% %rﬁr 2{1}1%:}3.%%'(18‘%9@.8‘

pl ayback device, i.@ evice backa video
only at %g% %%%9 i dd ' ¥E%§%H! ] .51t has
been desg?@éﬁ%gl# e a%g‘\{/%% odi@e nt's t%}éaﬁz?{éag&% hown |eﬁlé&%?%%li§and
313, DTSs, i, Plmsqdl | opat g 40 tdie 44-of Unes o 1 henDikhef taydeewsagtieeam
3101 and the right=view stream 3102 alternate at intervals of TD along STC.
Al ternatiyelpng PISe: 8- 0gaketd £8c8nAfcQirdd 6EWIRS vekebher ADsrddislbeht - vi ew

stream and the right-view stream which realizes one 3D video frame/field,
may have ife seoe, valale, tHY 1St puetui-e 5515UhhabtEe eSPeGIRhine Bekoa

di spl ay device that
have the same value of PTS. Note that the allocation of PTSs
and DTSs as shown in FIGS. 56A and 56B needs the delay between
the DTS and the PTS allocated to the first I: picture 5611 of
the 2D/left-view stream 5601, the delay being 1.5 times as long
10 as or longer than the length of one frame or field period TFr.
[0295]

When the allocations of PTSs and DTSs are changed to those
shown in FIGS. 56A and 56B, the entry map 3622 of the right-view
clip information file (shown in FIG. 38A), as well as the pfocess

15 of superimposing pieces of plane data performed by the plane
adder 3910 (shown in FIG. 40), must be changed as follows.
[0296]
As shown in FIG. 382, the entry map 3622 of the right-view
clip information file 3602 stores the entry map 3801 relating
20 to the right-view stream (PID = 0x1012) . Here, PTS 3813 of each
entry point 3812 included in this entry map 3801 differs from
that of the above first embodiment. More specifically, PTS 3813
of each entry point 3812 has the same value as PTS allocated
to a corresponding one of I pictures included in the
25 2D/left-view stream. That is, PTS of each entry point 3812
included in the entry map 3801 has the same value as PTS of a

corresponding one of entry points included in an entry map
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di splays a left video and a right video sinultaneously. [0294] 15FI GS. 56A
and 563 are schematic diagrans show ng rel ati onshi ps between PTSs and DTSs
allocated to pictures of a 2D/l eft-view stream 5601 and a right-view stream
5602, respectively. In FIGS. 56A and 563, DTSs are alternately allocated to
the pictures of the video streans 5601 and 5602 20 at intervals TD al ong
STC, in the sane manner as that shown in FIGS. 31A and 31B. Here, each

i nterval i .S of,.ane Lel j L t he

ot her han%%iéttile&gal%et SaPzﬁlgﬁl‘[Fotc%lg{é}dS%%éggé%%Ia‘lﬁl‘r?%Qg{a&%j}e—gl&f 9tslﬁe

2D/ I ef t - i -strean 5601 anfd bRe1Lightulew $HraaM.2002 o ':aMaiisgh , one 3D
25 video frame/fireld is to be reproduced. For exanple, a pair of left and
right inmegesgis played back fromthe pair of the picture 5611 of the

2D/l eft-view stream 5601 and the P1 picture 5621 of the right-view stream
5602. The pair xf ithenkebhsangi thohte IIMOLS fliS 945 @ISR nc@R, Octues kRe top
frame/field of 3D video images. The pictures 5611 and 5621 have the sane
val uesof &tGentSigididd Wwitdhe: I8 @t keitCtuh=es iefc ke svittheo sshreang 9601 5
and 5602, i.e., the Br3 picture 5612 and the B3 picture 5622, have the sane
val ue of PSS ciNate dihathd @ /dldfacatiieon safrd2hSs s JITSs sasrskopackatFl GS.
56A and 563 needs the delay between the DTS and the PTS allocated to the
first |. phat urrecBEIEs dfhitsh @ Plladfett- wivewr $arveam 560tespbaddebagnbeiyng 1.5
times as long 10 as or longer than the I ength of one frame or field period
TFr. [029%int. On tWeemihse danctatindndkeofthiRrT8doxmed LDTSE ambodhmaged to
those shown in FIGS. 56A and 563, the entry map 3622 of the right-viewclip
i nf or mat | VR dTe egEROMNSEFATFE 1B A) TS R3chel| thst tirchidreddiel 5tatt

superi nposi ng_pi eces of plane data performed by the plane adder 3910 (shown
in FILl& 40f 2 PnEéFtBéeccPrgﬁﬁ?ﬁj r3gHtoMisns stresgerhaseshbwha s theGsasga, t he
entry map 3622 of the right-viewclip information file 3602 stores the
entry map'3BeR 321BES Rf 20 o PiREUnsgRE. Fhew2DY Ledi-VPED Stered 2P Her e,
PTS 3813 of each entry point 3812 included in this entry pap 3801 differs
from t hat®of 3 HEPE Ve PRFEE eHidbi .uc%lﬁ et%‘bﬁciqﬁ cBlF/‘F elgP w813

corresponding entry point.
[0298]

15 Unlike the above first embodiment, in the superimposing
process of FIG. 40 which is performed by the plane adder 2910,
the system target decoder 3903 writes each of the 2D/left video
plane data 4001 and the right video plane data 4002 to a
corresponding plane memory at the same PTS time, i.e.,

20 simultaneously. First, the switch 4010 selects the 2D/left
video plane data 4001 and transfers the 2D/left video plane data
4001 to the first adder 4011. Conseguently, the 2D/left video
plane data 4001 is composited with the secondary video plane
data 4003, the PG plane data 4004, the IG plane data 4005 and

25 the image plane data 4006. Then, when the 3D display delay TD,
or half of TFr (a one-frame period), has elapsed since the

transfer of the 2D/left video plane data 4001, the switch 4010
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of each entry point 3812 has the same value as PTS allocated to a
correspondi ng one of | pictures included in the 25 2D/l eft-view stream

That is, PTS of each entry point 3812 included in the entry map 3801 has

t he sanme value as PTS of a corresponding one of entry points included in an
entry map relating to the 2D/l eft-view stream which is included in the
entry map 3612 of the 2D/l eft-viewclip information file 3601. [0297] As is

the case gitdrddhenabpy, Eiﬁ%{ecﬁg?gﬁier@@&a Mbei‘aﬁ? %%% s%tl'l%r$:§%ﬂ4:th a TS

packet that includes the start an | picture o eft-view stream

SPN of a s IRatK s dhaldonebudes FhrgtTaqpackeb1 MUSEcha¥Guantly,
corresponding entry point. On the other hand, unlike the above first

enbodi Nnethe WiRMMAR i@EE M aSlealdhg aalold 22 1 FScpagkati tkhiatrikAchydesst Be start
10 of a P picture of the right-view stream whose PTS has the sane val ue as
PTS of amlard ciladL £d03 heo 2d¥deft-view stream SPN of a source packet that
includes this TS packet have a corresponding entry point. [0298] 15Unli ke

t he abovel[daa%t enbodi ment, in the superinposing process of FIG 40 which
is perforned by the plane adder 3910, the systemtarget decoder 3903 wites
each of tHwur2i) |Bidoddnteot pl ane data 4001 and the right video plane data

4002 to a correspondi ng plane nenory at the sanme PTS tine, i.e.,
[0300]

The following describes, as the fourth embodiment of the

present invention, a recording device and a recording method

10 for recording the recording medium of the present invention.
[0301]

" The recording device described here is called an

authoring device. The authoring device is generally located at

a creation studio that creates movie contents to be distributed,

15 and is used by authoring staff. The recording device is used

as follows. First, in accordance with an operation from the

authoring staff, the recording apparatus converts movie content

into a digital stream compression encoded in accordance with

an MPEG specification, i.e., into an AV stream file. Next, the

20 recording device generates a scenaric which is information

defining how each title included in the movie content is to be

played back. To be more specific, the scenario includes the

above-described dynamic scenarico information and static

scenario information. Then, the recording device generates a

25 wvolume 1image or an update kit for a BD-ROM disc from the

aforementioned digital stream and scenario. Lastly, the

recording device records the wvolume image on the recording
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20 simul taneously. First, the swtch 4010 selects the 2D/l eft video pl ane
data 4001 and transfers the 2D/l eft video plane data 4001 to the first
adder 4011. Consequently, the 2D/l eft video plane data 4001 is conposited
with the secondary video plane data 4003, the PG plane data 4004, the IG

pl ane data 4005 and 25 the inmage pl ane data 4006. Then, when the 3D displ ay
delay TD, or half of TFr (a one-frane period), has el apsed since the

transfer e | deq i phanss cts the
right vi cﬁdlﬁﬁg%éagafaé&g@aﬁ htrang er n@%&%mﬁs %%\\%t%glrgsp h %‘g 4002

Lo the 11kt ad Qi s r SONGSAUNIA Yerdbh@L Adghs Vi deo pl ane data 4002 i s
conposited with pieces of plane data 4003 to 4006. 5[0299] Fourth

Enbodi mentod3300] The foll ow ng describes, as the fourth enbodi nent of the
present invention, a recording device and a recording nethod 10 for
recording the rreenr dimgsmadblseef diBgrakesentni pMesthan. st 830thre of

5 the above-described recording device. As shown in FIG. 57, the
recording device includes a video encoder 5701, a material
creation unit 5702, a scenario generation unit 5703, a BD
program creation unit 5704, a multiplex processing unit 5705,
a format processing unit 5706, and a database unit 5707.

10 [0303]

The database unit 5707 is a nonvolatile storage device
embedded in the recording device. Specifically speaking, the
database unit 5707 is a hard disk drive (HDD). Alternatively,
the database unit 5707 may be an external HDD connected to the

15 recording device, a nonvolatile semiconductor memory device
embedded in the recording device, or an external nonvolatile
semiconductor memory device connected to the recording device.
[0304]

The video encoder 5701 receives video data, such as

20  uncompressed bitmap data, £rom the authoring staff, and
compresses the received video data in accordance with a
compression/encoding scheme such as MPEG-4 AVC or MPEG-2. This
process converts primary video data into a primary video stream,
and secondary video data intce a secondary video stream.

25 Especially, 3D video data 1g converted into a 2D/left-view
gtream or a right-view stream. As shown in FIGS. 302 and 30B,

the wvideo encoder 5701 forms the 2D/left-view stream ag a
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The recording device described here is called an authoring device. The
authoring device is generally located at a creation studio that creates
novie contents to be distributed, 15 and is used by authoring staff. The
recording device is used as follows. First, in accordance with an operation
fromthe authoring staff, the recordi ng apparatus converts novi e content
into a digital stream conpression encoded in accordance wth an MPEG

speci fi catd | o ot an.. AV. il ey t 0 ' devi ce
generategkgggggkgfigﬂ i%ﬁ1 ?gAiﬁ§%?§g§F% dé??%%ngl%gﬁféacgfgﬁg Eggﬁcluded

In the Muie-Son &Y the bOcberabayech hack i TeHRe poNerspesili Scrbhs.

scenari o includes the above-descri bed dynam c scenario information and

static sagaHeOotAEOINBLEA Othel ReAedt BBcHEEOr SH MY fL @ naenesAt 61 aw25
vol unme inmage or an update kit for a BD-ROM disc fromthe aforenmenti oned

di gital sdéteeam adasgepandont Laséystidwm 8epediragmden ¢aceecpidsutbe
vol une i nage on the recording
5 predictive encoding on both of the pictures inciuded in the
2D/left-view stream and the pictures included in the right-view
stream. Alternatively, the right-view stream and the
2D/left-view stream may be formed as the base-view stream and
the dependent-view stream, respectively. The converted video
10 streams 5711 are stored into the database unit 5707.
[0305]

In the above process of inter-picture predictive encoding,
the video encoder 5701 further detects motion vectors between
images of the left video and images of the right video, and

15 calculates depth information of each image of the 3D videc based
on the detected motion vectors. Specifics of such detection and
calculation are described below. The calculated depth
information of each 3D image is organized into the frame depth
information 5710 that is stored in the database unit 5707.

20 [0306]

FIGS. 58A to B58C are schematic diagrams showing
processing of calculating depth information £rom a pair of left
and right pictures. When the video encoder 5701 attempts to
perform picture compression using redundancy between a left

26 picture and a right picture, the video encoder 5701 compares
an uncompressed left picture and an uncompressed right picture

on a per-macrecblock basis (here, each macroblock contains 8 x
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medi umin accordance with the arrangenents of extents explained in the
above first to third enbodi nents. [03021 FIG 57 is a block diagramof an
internal structure of 5 the above-described recordi ng device. As shown in
FIG 57, the recording device includes a video encoder 5701, a materi al
creation unit 5702, a scenario generation unit 5703, a BD program creation
unit 5704, a nultiplex processing unit 5705, a format processing unit 5706,

and a datﬁa 89%.% >l<‘I QEtéDlS 7eol7s . %g[ioa%‘p%léaifr%t%rhoefTEﬁe%@ﬁ%ﬁ%&\%é%gé%&geﬁfﬁ 2a| | y

nonvol atil e stora evi ce enbed recor pec

speaki ng,, %&%ﬂ%agggsu%t aefQlel § ﬁloIE?Lrongbﬁlﬁogr B&@géé@lﬂ%@%t&&?&“ vely,

t he database unit maybe an externa connected to t 5 recording

device, amonyal atil & SAmE conduclar grapLy.dexise;rabedded-d n e pecording

device, or an external” nonvolatile sem conductor nendry device connected to

the recorgingnied £y rﬁ%@:"ﬂai%@ﬁréﬂ deor eNGRgele S4Q1shekei MesTRisdegs dat a,

such as 20 unconpressed™bitfap data, fromthe authoring staff, and

conpr gssemd g eceinved vided gataure azear dagce Wightavideo picture
conpr essi on/ encodi ng schene such as MPEG 4 AVC or MPEG 2. This process

converts qyddary sddeaigatiad Mo aapiolic:-kE Se03 sin envl ratd cseenndar y
video data into a secondary video stream 25 Especially, 3D video data is
convert edrdprtesent2Dh Ineft=st eThehr eameatha f thbtpiditewest Eeamardss8bpwn i n
FI GS. 30A and 30E,
an area occupied by image data is identified on a per-macroblock
(5803) basis. After the area occupied by the image data in the
10 picture 5801 and the area occupied by the image data in the
picture 5802 are compared, a motion vector between these pieces
of image data in the pictures 5801 and 5802 is detected based
on the result of the comparison. For example, an area occupied
by image data 5804 showing the “house” in the picture 5801 is
15 substantially the same as that in the picture 5802. Accordingly,
a motion vector is not detected from such areas in the pictures
5801 and 5802. On the other hand, an area occupied by image data
5805 showing the “circle” in the picture 5801 is substantially
different from that in the picture 5802. Accordingly, a motion
20 vector indicating the displacement between the pieces of image
data 5805 showing the “circles” in the pictures 5801 and 5802
is detected from such areas in the pictures 5801 and 5802. The
video encoder 5701 makes use of the detected motion vector not
only when compressing the pictures 5801 and 5802, but also when
26 calculating the binocular disparity pertaining to a 3D video

constituted from the pieces of image data 5804 and 5805.

Furthermore, in accordance with the binocular disparity thus
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t he video encoder 5701 forns the 2D/l eft-view streamas a base-view stream
by performng inter-picture predictive encoding on the pictures included in
the 2D/l eft-view stream On the other hand, the video encoder 5701 forns
the right-view stream as a dependent-vi ew stream by perform ng
inter-picture 5 predictive encoding on both of the pictures included in the
2D/l eft-view stream and the pictures included in the right-view stream

Al ter nat Igf@l o, A1 v ORtapl aW-ShECam and he, 2DV el tubeypsi eam gay be

formed as 't ase-vi ew stream an e depen -view stream respectively.

The convepted, W,deq bl g%%e%rt%éw%ﬂei ptackheogat abaseaspit 5707.

[ 0305] I'n the above procéss of inter-picture predictive encodi ng,

the videafNceder 52691 fuktherc et s wmld ansyesids iRelwephaiaages of the
| eft video and i mages of the right video, and 15 cal cul ates depth

i nfor mat i ebreashud Mgenef 1&8he 2313 vidae hasad-anskbe Led eeoed aathon
vectors. Specifics of such detection and cal cul ation are descri bed bel ow.

The cal cul @t e dept hhinkermatidortef ®achc8bclaageobgsongaai zed hag oat he
frame depth information 5710 that is stored in the database unit 5707.
20[ 0306] LS shEN 10y bBE @t ehschadmiliat«li dgpahs hokk vg epreac essiyag. of
cal cul ating depth information froma pair of left and right pictures. Wen
t he vi derercedexabpé, at hboptst 1 on perd orat jpig ttiveedephbres s 6P Usagg
redundancy between a left 25 picture and a right picture, the video encoder
5701 conpeaescarugroimedsisan laefiatpiict w8 camthonm dncbifr eB86d vhihh
pi cture on a per-nacrobl ock basis (here, each nmacrobl ock contains 8 x
. is similar to the matrix of the picture 5801 or 5802 constituted
10 from the macroblocks. This matrix 5806 represents the frame
depth information 5710 shown in FIG. 57. In this matrix 5806
indicating the frame depth information, blocks 5807 are in
one-to-one correspondence with (i) the macroblocks 5803 in the
picture 5801 and (ii) the macroblocks 5803 in the picture 5802.
15 Each block 5807 indicates the depth of a 3D image shown by pieces
of image data including the corresponding macroblocks 5803 by
using, for example, eight bits. For example, referring to FIG.
58C, in the matrix 5806 indicating the frame depth information,
the depth of the 3D image of the “circle” shown by pieces of
20 image data 5805 is stored into each of the blocks constituting
an area 5808 that corresponds to the areas occupied by pieces
of image data 5805 in the pictures 5801 and 5802.
[0307]
Returning to FIG. 57, the material creation unit 5702
25 creates elementary streams other than video streams, such as

an audio stream 5712, a PG stream 5713 and an IG streamb714,

and stores the created streams into the database unit 5707. For
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8 or 16 x 16 pixels, and an entirety of the macrobl ocks represents a
matrix) so as to detect a notion vector between i mge data of the
unconpressed | eft picture and i nage data of the unconpressed right picture.
For exanple, as shown in FIGS. 58A 5 and 583, a left video picture 5801 and
a right video picture 5802 are each divided into macrobl ocks 5803 an
entirety of which represents a matrix . Then, in each of the pictures 5801

and 5802 ox A A €250 'fﬁapxﬂem%gd%&isfvdéi%tciegkf@g QeGP s SBET Obl ock

(5803) basis. tert e area occupi e the image data in the 10 picture
5801 and {hqy alRH SCEHR S4By (e JUBas- G ik f NP Sddls e 802 are

conpared, a notion vector between these pi'eces of inmage data in the

pi ct ur es AEURANL 2802 B daliedd ethdasad p-dhedesuitwfat he conparison.

For exanple, an area occupied by image data 5804 showi ng the "house” in the
pi cture BQdpiessimilisdatipldohdnte Sadie a5 Adag, | dnd heorettis ech802.

Accordingly, a notion vector is not detected fromsuch areas in the

pl Cct us €s encoded LPCM audioc data into the audio stream 5712. The material
creation unit 5702 also receives a subtitle information file
from the authoring staff and creates the PG stream 5713 in
accordance with the gubtitle information file. The subtitle
information £ile defines image data for showing subtitles,

10 display timings of the subtitles, and visual effects to be added
to the subtitles (e.g., fade-in and fade-out) . Furthermore, the
material creation unit 5702 receives bitmap data and a menu file
from the authoring staff and creates the IG stream 5714 in
accordance with the bitmap data and the menu file. The bitmap

15 data shows images that are to be presented on a menu. The menu
file defines how each button on the menu is to be transitioned
from one status to another, and visual effects to be added to
each button.

[0308]

20 The scenario generationunit 5703 creates BD-ROM scenario
data 5715 in accordance with an instruction that has been issued
by the authoring stuff and received via GUI, then stores the
created BD-ROM scenario data 5715 into the database unit 5707.
The BD-ROM scenario data 5715 described here is a file group

25 that defines methods of playing back the elementary streams 5711
to 5714 stored in the database unit 5707. Of the £ile group shown

in FIG. 2, the index file 204324, the movie object file 2043B
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5801 and 5802. On the other hand, an area occupied by image data 5805
showi ng the "circle" in the picture 5801 is substantially different from
that in the picture 5802. Accordingly, a notion 20 vector indicating the

di spl acenent between the pieces of inage data 5805 showing the "circles"” in
the pictures 5801 and 5802 is detected fromsuch areas in the pictures 5801
and 5802. The video encoder 5701 nakes use of the detected notion vector

not_onl y heReqnlessl 0 iheph e UL 520k A80% mBURCR sceitbien, 25

cal cul ating isparity pertaining to a 3D video constituted

from the piigces16f HIRIG daLei9804naRd c3805unkUr bRBENBLELHED ALEQFdance
with the binocular disparity thuS obtained, the "depths" of the 3D "house"

and the 3Dpaehieker £ Mty B anespaaterekyrhe esantieds by rhhe tB-egese Of
i mage data 5804 and 5805, are cal cul ated. Wen a 3D video is displayed on

the screayusiagthaend 1&f ip Bl pricglls Aingf uhes S804, ant p8Pdmeeachcblef the
3D "house" and the 3D "circle” |ooks Iike it has a correspondi ng one of the

cal cub at g7 de@dSides t Teot eweing $heyelemdstane exarphe, srnflotout7on
indicating the depth of a 3D inmage nmay be organi zed into a matri x 5806
shown i n FHdGedh80; titd clatisbadandadt tD7 0 he omt rox wbré hstpeahsr eo5B81 or
5802 constituted 10 fromthe macrobl ocks. This matrix 5806 represents the
frame depthitiglorrat iton 5000 esdmwhV retFr€am5b57ileén this matri x 5806
indicating the frane depth information, blocks 5807 are in one-to-one
correspond&itd with (i) the macrobl ocks 5803 in the picture 5801 and (ii)
t he macrobl ocks 5803 in the picture 5802. 15 Each bl ock 5807 indicates the
-depth of a 3D ThHm§® BHEAHaBYCPHEREESNHIN] Fegd 4 PreVilstasudhegavheoring
correspondi ng macrobl ocks 5803 by using, for exanple, eight bits. For
exanpPe, Fetfer Mitd RoPFPEraBBONT| AT HEOWRERF XWBBDS FHRY CAH RGOTRE™ Rane

depth informatiqn, the_depth of_the 3D inmage of the "circle"” shown by
pi eces ofBP-J object and Java application programs. To be more specific,

the BD program creation unit 5704 receives a request from a user
via GUI, and creates source code of each program according to
the request. The BD program creation unit 5704 further creates

15 the BD-J object file 2047A from the BD-J object, and organizes
each Java application program in a file format according to
which each Java application program should be stored in the JAR
directory. Each file is transferred to the format processing
unit 5706.

20 [0310]

In a case where the BD-J object is programmed to (i) cause
the program execution unit 29206 shown in FIG. 39 to transfer
graphics data for GUI to the system target decoder 3909, and
(ii) cause the system target decoder 3903 to process the

25 graphics data as the image plane data 4006 shown in FIG. 40,
the BD program creation unit 5704 may set offget information

corresponding to the image plane data 4006 in the BD-J object
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20 i mage data 5805 is stored into each of the bl ocks constituting an area
5808 that corresponds to the areas occupied by pieces of inmage data 5805 in
the pictures 5801 and 5802. [0307] Returning to FIG 57, the material
creation unit 5702 25 creates elenentary streans other than video streans,
such as an audi o stream 5712, a PG stream 5713 and an | G streanb714, and
stores the created streans into the database unit 5707. For exanple, the

material oy EQ}#‘S’EH@E aﬁi@%ﬁe &?%E%S%mﬂ%&%%?f@%@ 'rpﬁgﬁﬁ“i‘i‘feodgééﬁaééom the

aut horing-sta encodes uncorrpr essed LPCM au ata 1 n accordance
with a cqoppnressjpn/ encodi ng schene such as AC-3, and converts the 5 encoded
LPCM audi o data into the audio stream 5712. The material creation unit 5702
al so recephd/;elsl 1@ subtitle information file fromthe authoring staff and
creates the PG stream 5713 in accordance with the subtitle information

file. The subtid kecbhianat oohfdie pdebimies rRYe Hata, fok SHOWE Plex
subtitles, 10 display timngs of the subtitles, and vi sual effects to be

addedsto gmmng Last (=7 @ multagde ke saedch adetn@tenem&watﬁ@esﬂﬁéamst he
material creation unit 5702 receives bitmap data and a nenu file fromthe
aut hori ngatlafto and4cseated imeHeCdstatameSdihdti H7atcos dante awsthetihe
bitmap data and the nenu file. The bitmap 15 data shows inmages that are to
be presentice ofl an MPEE-2The fematf.i Merdedpemst homl bac lksbeheen ionFi@e nenu
is to be transitioned fromone status to another, and visual effects to be
added to eaehcbwi the ¢ DIOSLLR0T s rsmarabild Lfem 674t bh ApmiveIBEgB1nFeat es
BD- ROM scenario data 5715 in accordance with an instruction that has been
‘issued by2 BRETaetPRFERY Sstids apddrideeismatrad RacPESt enluded €92 ehehcr eat ed
BD- ROM scenari o data 5715 into the database unit 5707. The. BD-ROM scenari o
dat al8715 RS PHEEHeeBL184 49 FPESHYGS 25 ith:e §EFFABSE #e hdds tBESpl ayi ng

back the elenentary streans 5711
manner, the AV streams files 20464, 2901 and 29202 shown in FIGS.

2, 292 and 29B are created.
[0312]
In parallel with the aforementioned processing, the

15 multiplex processing unit 5705 creates the clip information
files 2045A, 3601 and 3602, which respectively correspond to
the AV stream files 2046A, 3631 and 3632 as shown in FIGS. 9,
36A and 36B as follows.

[0313]

20 First, the multiplex processing unit 5705 generates the
entry maps 903 and 3622 shown in FIGS. 1124 and 38A. As explained
in the above first to third embodiments or modification examples
thereof, PTS 3813 of each entry point 3812 relating to the
right-view stream, which is included in the entry map 3622 of

25 the right-view clip information file 3602 shown in FIG. 38A,
is set to either (i) the same value as PTS of a corresponding

I picture included in the 2D/left-view stream, or (ii) a value
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to 5714 stored in the database unit 5707. O the file group shown in FIG

2, the index file 2043A, the novie object file 2043B and the playlist file
2044A are included in the BD-ROM scenario data 5715. The scenario
generation unit 2603 further creates a paraneter file 5716 and transfers
the created paraneter file 5716 to the multiplex processing unit 5705. The
paraneter file 5 5716 defines, fromanong the elenentary streans 5711 to

5714 stor, aéi@lé&%r}faha asecHai §D5&$|§%99[ed91a € 3 LeARS pr@ B the

mul tipl exed to form eac V stream 0309] The BD program creation
uni t 5704 nQE e e AYhaiAg IestaidsW i 2 PIOITHEAN HQq esyhy onnent
where they can programa ED-J object and Java application prograns. To be
mor e specigdig) the BD programcreation unit 5704 receives a request froma
user via GQJ, and creates source code of each program according to the

request. The BRPHAGIAPIEE Piedlitg 4 fandsheerer egiessll bhetiBH-J
object file 2047A fromthe BD-J object, and organi zes each Java application
program ifimst eherfopdiht a@rorm rgot mihibecheraeh phaitec sappliizcatiabipg ogr am
shoul d be stored in the JAR directory. Each file is transferred to the
format proacedsi njghni tisW 08 r&0) @318] value snald ccasbawhene 3B oBD=leobj ect
is programmed to (i) cause the program execution unit 3906 shown in FIG 39
t o transfisirayr apitings mEirt forla@ing ote heheyab che fargeewdecodan . 39085 and
(ii) cause the systemtarget decoder 3903 to process the 25 graphics data
as the i rrddeoysi dree diities 406 etovimt Fanged,. 1a0ea¢her SO pAHYT a¥eref®ron unit
5704 may set offset information corresponding to the inmage plane data 4006
in the BEWPIOHIESD vBfegesAHgSEReafY ﬁﬁéeéeﬁflhgh%ffiﬂ'rmw SHs71@stered in the

dat abase unit 5707. [0311] In accordance with the paraneter file_5716, the
mul til%l ex@lways an extent of a right-view AV stream, as shown in FIG.

46B. In addition, when the entry map of each c¢lip information
file is configured to allow interrupt playback and a pair of
extents contain portions of left and right video streams that
have the same playback time period, the SPN of the entry point
15 associated with the extent containing the portion of the right
video stream is set at a value smaller than the SPN associated
with the extent of the left video stream.
[0315]
Next, the multiplex processing unit 5608 extracts pieces
20 of attribute information 902, 3611 and 3621 of the elementary
streams to be multiplexed to form AV stream files. The multiplex
processing unit 5608 further constructs each clip information
file guch that its entry map and stream attribute information
are in correspondence with each other.
25 [0316}
The format processing unit 5706 creates a BD-ROM disc image

5720 of the directory structure 204 shown in FIG. 2 from (i)
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5 processing unit 5705 nultiplexes each of the elenentary streans 5711 to
5714 stored in the database unit 5707 to forma streamfile of an MPEG 2 TS
format. More specifically, as shown in FIG 5, each of the elenentary
streans 5711 to 5714 is converted into a source packet series, and the
source packets included in each 10 series are assenbled to construct a
single streamfile. In this manner, the AV streams files 2046A, 2901 and

2902 shown, %gFlR@ﬁ s@mé@fbﬁ}b@%g%%r&& £3460:nLOR 12l d O pal %%%7“" th the

aforenentlone processi ng, EX processi ng unit creates

the clip fo%m@f I ﬁ%ﬁh , oh Ct LVRhHY
correspongﬂ%o C%% BE §O%?§?ﬁ%§§%%%BA é%%%gaﬁ%ﬁ% 2t§§E§hoan§?nJFIGS

9, 36A aruhj?&l?t afs_Llfeol |::%\é&ed[ 0318he 291 g:8dgrddi @ raddipl exiRr 66easi agaunit
5705 generates the entry nmaps 903 and "36 shown in FIGS. 11A and 38A. As

eXp|alned(iiht|ﬂ$’%QgﬁﬁmﬁE&§ést§n&T&I£bEHﬁEBBMEﬁEéh<£11%Qﬁﬁéh@@htéﬂ pyanpl es
t hereof, PTS 3813 of each entry point 3812 relating to the right-view

streasn Whe hulls ipnekusieskd s 1he uentr y7 0mp 136281 9fadi2%=ddee-y sghticview clip
information file 3602 shown in FIG 38A, is set to either (i) the sane

val ue as RIS dipA Torussponsdiangfilpi systemi ncluded in the 2D/l eft-view
stream or (ii) a value obtained by adding the 3D display delay TD to this
PTS of theoxbiresponding | picture (see FIGS. 31A, 31B, 56A and 56B)

[0314] The nultiplex processing unit 5705 sets SPN 3814 of the 5 first
entry point (Bfhgmcreg)iol & Hd lenenyrpoihes B8r2negmaf i by, ttdret Rermaght - vi ew
streamat a value snaller than the SPN of the first entry point relating to
the 2D/ | 91OSELWBY MM 5 THF steli d1omé ot Blae fartsty Brpedt sarpangerondiagch
recordlng area for storln%IBD video AV streamfiles on the BD-ROM disc 101
to bd010 @iy famelian Téfea FRgMisymaRsY sEFVaRT CBEOMTY ROERE  46B.
In addition, when the entry map_of _each ¢lip_information file i s_configured
to allow %%t‘é?‘?%p@]bl%&%%‘éko%nﬂf aab%\P?aB%O%x@%ﬁ%lEBﬁF& nEEB?FFL?:H%Yof | ef t

and right V|deo streans that have thﬁ $ | ayhack time periaq SPN' of
the entr TR C 16" St ar withet it SRRy et AV i TN g5 88 of ¢ he

LI VP R L S Al By ML I LS TR EARIOEALRY W
right-view stream (to be more exact, the dependent-view stream)
15 arranged at the start of the file, the extents of the right-view
stream and extents of the left-view stream alternate as shown
in FIG. 46B. Accordingly, the series of allocation descriptors
indicates that {i) apair of extents of the left and right streams
that share the same playback time period is arranged such that
20 these extents are always substantially adjacent to each other,
and (ii) in such a pair, the extent of the right video stream
precedes the extent of the left video stream.
fo318]
When creating file entries of AV stream files of a 3D video,
25 the format processing unit 5706 further detects, from among

areas of the disc that are to be allocated as recording areas

for such AV stream files of a 3D video, portions in which a long
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Next, the multiplex processing unit 5608 extracts pieces 20 of attribute
informati on 902, 3611 and 3621 of the elenentary streans to be multi pl exed
to formAV streamfiles. The multiplex processing unit 5608 further
constructs each clip information file such that its entry map and stream
attribute information are in correspondence with each other. 25[0316]

The format processing unit 5706 creates a BD-ROM di sc i mage 5720 of the

5715 st or B A% R ACataes gt t tBsor el i R R TR O
| ncl udi ngys g0pNG oL hercto, 2 B oBbect ufi L 12t e By Laea BD o o0 g

creation unit 5704, an streamfiles and clip information files

gener at ed-Dye 5 thaer Juhi £ @x@&e%ré?ﬁ'ﬁ_fﬁhﬂg 34 £3 Q% obiebbls f‘iicfn?%%?_ |
structure 204, UDF 1s used as a file system [0317] When creafing a

file entrynd®hlabcAYishy 8agtthbeorkng LOENEL 1 pra08ssd N ruphe 23706 reghers to
the entry map of a corresponding 10 clip information file. In this manner,

SPN of eagein s} 1yl 1piditidrs desed iielorer eatbenvfocdtogald emedaseetptars.
Especially, allocation descriptors in a file entry of an AV streamfile of
a 3D vi deggoat toes eaiedestdickhthe ydldcone 0f1 xdteids @fsdhigudrght agi ew
stream (to be nore exact, the dependent-view strean) 15 arranged at the
start of d4hesdunle, the aXiemsich déecrightryi esrsespamiand ekkents of the
| eft-view streamalternate as shown in FIG 46B. Accordingly, the series of
al | ocat i carveesgengtios sof ndieatkssedmatiess) cntpabrbdbekrt entistbeé ghe | eft and
right streans that share the sane playback tine period is arranged such
that 20 t¥ezelext cerenie showmysizuBEEAnt Pal | §3Bdpndeht -t Bheafhrveber, and
(ii) in such a pair, the extent of the right video stream precedes the

ext edf of P¥PeeFRIRT Wnddo 530Pelinen [T ES LM &F CBY BBPNAGLRS [Stait PPastsf AV

streamfiles of a 3D video, 25 the format_ processing unit 5706 further
det ect s, ;@%%ﬁl@l the c¢lip information files of thé AV stream files,

entry points to be allocated to the detected portions, and
rewrites the selected entry points. As a result, the playback
sections of the playitem information #2 and the sub-playitem
15 information #2, which are included in the 3D playlist fileg 5202
and 5502, correspond to the 3D seamless extent blocks and the
2D seamless extents as shown in FIGS. 52 and 55.
[0319]
In addition, by using the frame depth information 5710
20 stored in the database unit 5707, the format procesging unit
5706 creates the 3D meta data 3613 shown in FIG. 37A for each
of the secondary video stream 5711, the PG stream 5713, and the
IG stream 5714. Here, the positions of image data pieces within
left and right video frames are automatically adjusted so that
25 3D images represented by one stream avoid overlap with 3D images
represented by other streams in the same visual direction.

Turthermore, an offset value for each video frame is also
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areas of the disc that are to be allocated as recording areas for such AV
streamfiles of a 3D video, portions in which a long 168 junp is required
(e.g., the layer boundary 4800 shown in FIG 48 and ot her recordi ng areas
in which data is recorded). In this case, the format processing unit 5706
first selects, fromanong the allocation descriptors in the file entries of
the AV stream5 files, allocation descriptors to be allocated to the

det ect ed R ANE AN, & gfgbtc%a Lhesal %%?%%s%k%%@ggsggﬁ%%i'é’é&ﬁée As a

result, the allocation criptors correspond to t ngenments of the 3D

seam ess Bt UGS AR d N RaAT £58h XSS SHOYW irtr;%%@- 51, 53B

and 54. The format 10 processing unit 5706 then selects, f anong t he

entry poiriprddisitidedy e ddfedud ormation files of the AV streamfiles,
entry points to be allocated to the detected portions, and rewites the

sel ected @ua0) points. As a result, the playback sections of the playitem
information #2 and the sub-playitem 15 informati on #2, which are included
in the 3D pl ayitieatedffiteas, 5232 BIRGRMDOAA scCamae2pend2t gehbeadbaseantess
extent bl ocks and the 2D seam ess extents as shown in FIGS. 52 and 55.
[0319] | Hcauiditt powcelsyingi ngithe706 ahe deptdried drmet Banab#k0:28 sdored in
t he database unit 5707, the format processing unit 5706 creates the 3D neta
dat a 361Prssaimd wIFRGBD3RAM disgachhen trkeocsdedndar yhei deststreanrs711,
the PG stream 5713, and the |G stream 5714. Here, the positions of image
dat a pi e¢¥s hiiags farefregddon gt thiedBB-ROMTdd sar eMage opuefieat fgnadf ust ed
so that 25 3D_images_represented by one stream avoid overlap with 3D i nages
repr esente® BP - [ifG defifs BT tHE iiget @i Bal akpyectivat Fartiverdore, an
of fset value for each video franme is also  automatically adjusted so that
dept bS off™9dIHEIES rl@pffl@é@n?@aswl@nlamw%%gnté%msg@rreéﬁe%bewwwept hs

of 3D inaqgs r%Presented by ot her streans.
process.

[0321]
<Supplementary Explanations
[0322]
15 <<Data Distribution via Broadcasting or Communication Circuitss>
[0323]

The recording medium according to the above first to third
embodiments may be, in addition to an optical disc, a general
removable medium available as a package medium, such ag a

20 portable semiconductor memory device including an SD memory
card. Also, in the first to third embodiments describes the
example of an optical disc in which data has been recorded
beforehand, namely, a conventionally available read-only
optical disc such as a BD-ROM and a DVD-ROM. However, the

25  embodiments of the present invention are not limited to these.
For example, when a terminal device writes a 3D video content

that has been distributed via broadcasting or a network into
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[ 0320] 5Thereafter, the BD-ROM di sc i mage 5702 generated by the format
processing unit 5706 is converted into data suited for pressing of a BD ROV
di sc, then recorded on the naster to be utilized for creation of the BD ROM
di sc. Mass production of the BD-ROM disc 101 pertaining to the above first
to third 10 enbodi ments i s nmade possible bythe master in the press process.
[ 0321] <Suppl emrentary Expl anation> [0322] 15 "Data Distribution via

Br oadcastj egneﬁg%gggﬁe_h;,?a%{i%bqe{ﬁyg&éﬁ%ggl?ﬁdicﬂledisew@mgs :

according to t irst to third ments may be, 1n a |f|pn to an
optical digeq BveeRenalaeiER A e?déx&gneec\e@rﬂt@e@ofaiﬁ%p@&k_ﬁgeaﬁ@@éum

such as a 20 portable sem conductor nenory device i1 ncluding an SD nenory

card. A stabddlidd¥ed i kst be thidyd embadi nept srdegshhbesidneexapl 8. of an
optical disc in which data has been recorded beforehand, nanely,” a
convent i anedddpciad d@hinea kel WY device, or may be a device different
5 from the playback device.
[0324]
<<Playback of Semiconductor Memory Cards>>
[0325]
The following describes a data read unit of a playback
10 device in the case where a semiconductor memory card is used
as the recording medium according to the above embodiments
instead of an optical disc.
[0326]
A part of the playback device that reads data from an
16 optical disc is composed of an optical disc drive, for example.
Compared with this, a part of the playback device that reads
data from a semiconductor memory card is composed of an
exclusive interface (I/F). In more details, a card slot is
provided with the playback device, and the I/F is mounted in
20 the card slot. When the gemiconductor memory card is inserted
into the card slot, the semiconductor memory card is
electrically connected with the playback device via the I/F.
Furthermore, the data is read from the semiconductor memory card
to the playback device via the I/F.
25 [0327]
<<Copyright Protection Technique for Data Stored in BD-ROM Discs>>

[0328]
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optical disc such as a BD-ROM and a DVvD- ROM However, the 25 enbodi nents of
the present invention are not limted to these. For exanple, when a
termnal device wites a 3D video content that has been distributed via
broadcasting or a network into a conventionally available witable optical
di sc such as a BD-RE and a DVD- RAM arrangenent of the extent according to
t he above enbodi nents may be used. Here, the termnal device nmay be

Tcor o 2ot et PLaybeRk SN GR s oo Deca eyl i ol efgom (1
fol | owi ng, deseaihes @ salmon addnktadd A pl@ybackn 10: dawb ceod et bRecase

where a sem conductor nenory card 1s used as the recording nmedi um accordi ng

to the abgye: | BN Berhdist £2¢ Ofpatnepibsal disc. [0326] A part of the
pl ayback device that reads data froman 15 optical disc is conmposed of an

optical disgz¢dyive, for exanple. Conpared with this, a part of the playback
device that reads data froma sem conductor nenory card is conposed of an

excl usi ve i nt ert@tea ($tdmdpolit NOf6r detanb3e, aoCalflpsbotingScppovigad w th
t he pl ayback device, and the I/F is nmounted in 20 the card slot. \Wen the
sem condugtoteaehms precavdf i dennsalt ed dhtlattherlcare axleotastheirsehichnduct or
menory card is electrically connected with the playback device via the I/F.
Fur t her noa epatheodatlze | datzadetonded hen sene cBndBOMoi snenoryptadd Thet he
pl ayback device via the I/F.
encrypted data is, for example, a video stream, an audio stream,
or other stream. In such a casgse, the encrypted data is decoded
10 in the following manner.
[0330]
The playback device has recorded thereon beforehand a part
of data necessary for generating a “key” to be used for decoding
the encrypted data recorded on the BD-ROM disc, namely, a device
15 key. On the other hand, the BD-ROM disc has recorded thereon
other part ¢f the data necessary for generating the "key”,
namely, an MKB (Media Key Block)}, and encrypted data of the “key”,
namely, an encrypted title key. The device key, the MKB, and
the encrypted title key are associated with one another, and
20 each are further associated with a particular identifier
written into a BCA201A recorded on the BD-ROM disc 101 shown
inFIG. 2, namely, avolume ID. When the combination of the device
key, the MEKB, the encrypted title key, and the volume ID is not
correct, the encrypted data canncot be decoded. In other words,
25 only when the combination is correct, the above “key”, namely,

the title key can be generated. Specifically, the encrypted

title key is firstly decrypted using the device key, the MKB,
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25[ 0327] " Copyright Potection Technique for Data Stored in BD-ROM Di sc”

[ 0328] Here, the nmechanism for protecting copyright of data recorded
on a BD-ROM di sc is described, as an assunption of the follow ng

suppl ement ary expl anati on. [0329] 5From a standpoint, for exanple, of

i nproving copyright protection or confidentiality of data, there are cases
in which a part of the data recorded on the BD-ROMis encrypted. The

encrypte t.a, f i i ot .ot her
otream 15 hd Sozdile TERTBREY Bndh BRe SLICRONAP BUFHG BREERReCtr 0l ng
manner. [O330h;1t of th@?&e@k%@%&h, devd o8&y &g ded LheipgoRehghopehand a

part of data necessary for generating a "key' to be used for decoding the

encrypt ed, gdai@a #ecof defk ohe{ hes BBiROM gi;scrxBamel y, a device 15 key. On the
ot her hand, the BD-ROM di sc has recorded thereon other part of the data

necessary[dosigenerating the "key", namely, an MKB (Medi a Key Bl ock) , and
encrypted data of the "key", nanely, an encrypted title key. The device
key, the M CE wherl 4 el nssarptder-idd e ikay @ @1ass beickt edewehiBrgpeedanot her,
and 20 each are further associated with a particular identifier witten

i nto a BGIAH A aemaiat®dbonidh@BROROMidicsc thal pdhga ckn delvGee2canasel y, a
volunme 1 D. When the conbination of the device key, the MCE, the encrypted
title keyplandodadie vind vsmct¥pisdnddtzonnkess the pheypptidddatiaescannot be
decoded. In other words, 25 only when the conbination is correct, the above
"key", nasedyed tthereon @ desyi asahepetlyeindest bden Spetidiagad pefpmehandr ypt ed
title key is firstly decrypted using the device key, the MKE, and the

vol une | Dvitdn Itvevmwsmreec%/ tiltdelesy c aheEBbtaeriel bee aapdsihie veflunfe
decryption, the encrypted data can be decoded using the title key as the
abovd?" kel rEeeFPEd See EiRd)bdéRCdetite i Pesabgept i bREKSERBYY

encrypted , .
for decoding the encrypted data, namely, a title key can be

obtained only by decrypting the encrypted title key based on
the correct combination of the MKB, the device key, and the
volume ID.

15 [0332]

In order to protect the copyright of at least one of a video
stream and an audio stream that are to be recorded on a BD-ROM
disc, a stream to be protected is encrypted using the title key,
and the encrypted stream is recorded on the BD-ROM disc. Next,

20 a key ig generated based on the combination of the MKB, the device
key, and the volume ID, and the title key is encrypted using
the key so as Lo be converted to an encrypted title key.
Furthermore, the MKB, the voclume ID, and the encrypted title
key are recorded on the BD-ROM disc. Only a playback device

25 storing thereon the device keyl to be used for generating the
above key can decode the encrypted video stream and/or the

encrypted audio stream recorded on the BD-ROM disc using a
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data recorded on the BD-ROM di sc, the playback device cannot play back the
encrypted data unl ess the playback device has stored thereon a device key

t hat has been associ ated beforehand with the encrypted title key, the MB

t he device, and the volune 10 I D recorded on the BD-ROM disc. This is
because a key necessary for decoding the encrypted data, nanely, a title
key can be obtained only by decrypting the encrypted title key based on the

correct coubj ien of; & he MGE ;fhe devieg,key P gd.Lbe yolupe LD, .
SSRECLF % Pf LIRS

15[ 0332] Tn order to protect tHe copy east ‘one o

stream ange an,augl 0, Sfé@é‘P&é&'aénf‘f_algetQDbﬁofqeﬁ%g?d on a BD-ROM disc, a

streamto be protected 1s encryp using the title key, and the encrypted
stream i s;dgecoprded on the BD-ROM disc. Next, 20 a key is generated based on
t he conbi nation of the MKB, the device key, and the volume ID, and the

title key is engsyphBdveshagctiBekey meR s il bef@nvﬁféﬁchQn?n ener ypt ed
title key. Furthernore, the MKB, the volune ID, and the encrypfed title key

are recorggsyoingiihe BOhRA4«H seccddad anplay backoteyi € i2baphbaricagikther eon
the device key to be used for generating the above key can decode the

encrypt edcwisdeecsttieam aadian ditesentiypted BOdROMSITLaMIRCeKkdagien t he
BD- ROM di sc using a

the mechanism is applicable to a readable and writable
semiconductor memory device and a portable semiconductor memory
card such as an SD card especially.

10 [0334]
<<Recording Data on Recording Medium through Electronic
Distributions»
[0335]

The following describes processing of transmitting data

15 such as an AV stream file for 3D video (hereinafter,
“distribution data”) to the playback device according to the
above first teo third embodiments via electronic distribution,
and causing the playback device to record the distribution data
on a semiconductor memory card. Note that the following

20 operations may be performed by a specialized terminal device
for performing the processing instead of the above playback
device. Also, the following description is based on the
assumption that the semiconductor memory card that i1s a
recording destination is an SD memory card.

25  [0336]

The playback device includes a card slot as described above.,

An SD memory card is ingerted into the card slot. The playback
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decoder. In this manner, it is possible to protect the copyright of the
data recorded on the BD-ROM di sc. [0333] The above-descri bed nmechani sm for
protecting the 5 copyright of the data recorded on the BD-ROM disc is
applicable to a recordi ng nmedi um ot her than the BD-ROM di sc. For exanpl e,
the mechanismis applicable to a readable and witabl e sem conductor nenory
devi ce and a portable sem conductor nenory card such as an SD card

especi al lyey 1 Q 36111%%}%{%;%9%%% QhdRrar g MdhuaLt b &ectronic

Distribution> > | 0335 es processing of transmtting

data 15 gyichiasrapubVoiidaaibid 81ker1BRrvidiede ther einatieioridi sk bution
data") to the playback device according to the above first to third

enbodi nerlre pilayeher! 4OR 6 Hsdd Bukn®A f j23d iGaUshPErhAeishayback gevice to
record the distribution data on a sem conductor nenory card. Note that the

f ol | oW ngnefbepearzntd ASommhdempaidmsepdechydn shectphhdedt & ethk nabadevi ce
for perform ng the processing instead of the above playback device. Al so,
the f®l | awlerg ideisertijpdn anfbsmbasecd o thieed Assuhipht bon tskatvetrheogettheonduct or
menory card that is a recording destination is an SD nenory card. 25[0336]
The pl aybdadkh deei ceansgeisdésnaraquass| dthaas ddasdifiibead iabovef ormaShDonenor y
card is inserted into the card slot. The playback device in this state
firstly tofarde 55 weneaysrasdiion fageesmufe dgnstdebbtifonatdapa nomber
distribution server on a network. Here, the playback device reads.

i denti fi eSO ihfter ridie 0P oflendiey SBRr@norgreasdet i barahéy sDangabiylcard,
and transmts the read 5 identification information to the distribution
server togEIIfET off A FP TEEASH S3ron FBguésSentTRécriénni inéarmahrion
information of the SD menory card s for, exanple an identification nunber
specit?i c ¥ YIRS S5 o riP e, IPoiessheeedi @3PY§: a serial nunber of the
SD nmenory can&. The identification information 10 is used as the volune ID
descri bed &Gibide.

The distribution server has stored thereon pieceg of
distribution data. Distribution data that needs to be protected
by encryption such as a video stream and/or an audio stream has

15 been encrypted using a predetermined title key. Here, the
encrypted distribution data can be decrypted using the same
title key.

[0338]

The distribution server stores thereon a device key as a

20 private key common with the playback device. The distribution
server further storeg thereon an MKB common with the SD memory
card. Upon receiving the transmission reguest of distribution
data and the identification information of the SD memory card
from the playback device, the distribution server £firstly

25 generates a key from the device key, the MKB, and the
identification information, and encrypts the title key using

the generated key to generate an encrypted title key.
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[ 0337] - The distribution server has stored thereon pieces of
distribution data. Distribution data that needs to be protected by
encryption such as a video stream and/ or an audi o stream has 15 been
encrypted using a predetermned title key. Here, the encrypted distribution
data can be decrypted using the sane title key. [0338] The distribution
server stores thereon a device key as a 20 private key common with the

pl ayback é%]e The distribution server further stores thereon an MKB
comon W the SD nenory card. Upon receiving the transm ssion request of
di stribution an e 4l A i 0.1 r I t y card
fromthe pl aygg%}%: 'de\cltil%:é(;, d?%ggéi?)féﬂttg?%ut ?%if]@%gr %ﬁ%%? y%%§gqggggg§’es a
key from i, deyi £6n kathe (081 MEBre@Rd rbRGdBRE {hL£aBLON A oL gRbign, and

encrypts the title key using the generated key to generate an encrypted

title keyghe [M339]the encryidqa tlihe dikehs i BYLhaR SR Ve -grAEHBheStRUbl i C
key information. The public key information includes, for exanple, the MB,

the epcrypi@etifidet key msignaberehd Bbon&mbi-puatde add dertifdecat ken nunber
of the SD nenory card, and a device list. The signature information

i ncl udes Tio# saxanrphecaihdsimeglivn Ohcllcepuint exleaylienhoid@h venuelbBe device
list is a list of devices that need to be invalidated, that is, devices

t hat havethe gpkibdfi cplee§ drricrgnamiantt .hOhe zbelv playhiacki ofa ehet yt édvdata
included 10 in the distribution data. In the device list, an identification
nunber orthkaf umtd are (g dgrvalidafdaderthat 66, widelvicespetintt basachiek t he
conpositional elenents of the playback device, such as the device key, a
‘bui | t-i n dereddornigriofansirneidedinlaqiddn ofeenerypradsistas inhduded
distribution data and the public key information to the playback device.
The pPaybeEhgedigeriebiobdiatve dnsthe verview dash, avdidratplibrreiray
information, and records the received distribution data and public key

i nf or mat i BHUPHE tPe BB YRSHHISE c@PIHat He édenidifie D yitthrreppeRe &ard

sl ot.
each of the compositional elements of the playback device, such

as the device key, a built-in decoder.
[0340]

15 The distribution server transmits the distribution data
and the public key information to the playback device. The
playback device receilves the distribution data and the public
key information, and records the received diétribution data and
public key information in the SD memory card via the exclusive

20 I/¥ of the card slot.

[0341]

Encrypted distribution data recorded on the SD memory card
is decrypted using the public key information in the following
manner, for example. Firstly, three types of checks are

25 performed as authentication of the public key information.
These checks may be performed in any order.

[0342]
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[ 0341] Encrypted distribution data recorded on the SD nenory card is
decrypted using the public key information in the foll ow ng manner, for
exanple. Firstly, three types of checks are 25 performed as aut hentication
of the public key information. These checks may be perfornmed in any order.

[ 0342] (1) Check is perfornmed on whether the identification
information of the SD nenory card included in the public key information

e ches he | e | LBl on, Rber-gher e LIS S IE TR e R chpseri o,

into the card i's per or e n

val ue cal e argdk bas ek and e UG, ke Bl on R shesge pash val ue

included in the signhature 1 nfornmati s performed on

whet her ther PLAYPAGK QRS Eﬁeeﬁ&éﬂéfﬂiéa%{lhh@rﬁﬁfe ggo&gatié&%ﬂec ped by

the public key information, specifically, evi ce key of the

pl ayback gexbep tSr&xchyded-drombhendenvbeg khst. [0345] 151f at |east any
one of results of the checks (1) to (3) is negative, the playback device

st opssdecfypiipn processing of the encrypted data. Conversely, if all of
the results of the checks (1) to (3) are affirmative, the playback device
aut hori zes t he(puldHeekk eyspénf ormad i whakthedearypils iheie20aenanypead title

key included in the public key information using the device key, the MB,

and t he ilestd f oxathenpubfldenmitsyon reforintze: iShH meelye€atle hhehebyltie obtain

atitle key. The playback device further decrypts the encrypted data using
the titl eikeludedeimbyhe os bpratwra Vmieomstieam and/ or an audi o stream for

25 exanpl e.

. [0344]

10 (3) Check is performed on whether the playback device is
excluded from the device list indicated by the public key
information, specifically, whether the device key of the
playback device is excluded from the device list.

[0345]

15 If at least any one of results of the checks (1) to (3}
is negative, the playback device stops decryption processing
of the encrypted data. Conversely, if all of the results of the
checks (1) to (3) are affirmative, the playback device
authorizes the public keys information, and decrypts the

20 encrypted title key included in the public key information using
the device key, the MKB, and the identification information of
the SD memory card, thereby to obtain a title key. The playback
device further decrypts the encrypted data using the title key,
thereby to obtain a video stream and/or an audio stream for

25 example.

[0346]

The above mechanism has the following advantage. If a
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[ 0346] The above nechani sm has the foll owi ng advantage. If a playback

devi ce; conpositional elenents, and a function (program that have risk of
bei ng i n an unaut hori zed manner are already known when data is transmtted
via the electronic distribution, corresponding pieces of identification 5
information are listed in the device list and are distributed as part of
the public key information. On the other hand, the playback device that has

request e, aypd e Hakidbut Loedata.Liewl t abLyAeeds 4.0y CUMRLGCLhE, i eces

of identitication information inclu Int evice Tist € pi eces

of 10 idemfcggfaaj Q atnflgeavﬂgeoqfbé!ﬂﬁgpilrﬁ&hla‘%aﬁ%ffze&mr&wg%yi onal

el enments, and the like. As a result, 1f the playback device, iIts

conposi t i pneda®) eRBBE, waed tded | ke ’renisdgnrtili add nctdectguiegpkbst, the
pl ayback device cannot use the public key information for decrypting the

encrypt eds {81 B8t i g udeﬂ:ﬁ&éﬁ&a&i@bﬂ Riitd i dabx eveRehtikhea€9RRAi nation
of the identification nunber of the menory card, the MKB, the encrypted

titleskeyinfohabeodemtea iktyed Sncohtegévita 116t aimNBeR, dibtirsbpesdi bl e to
effectively prevent distribution data from being used in an unauthorized
manner . 204 @34 ofhehiedpubilficchéyoinfotesambbnomwftHdhetder bamdyctae nmenory
card is desirably recorded in a recording area having high confidentiality
i ncl uded Plavbackotelrice dited: dfag hegemtohdust chendisryibatdonThesai s
because ‘if the 25 identification information such as the serial nunber of
the SD nersVitalkly hasebeente arpupaden tihe | pigneananfi hoderedfiannéon it is
possible to easily realize illegal copy of the SD nenory
s information included in the device list with the pieces of
10 identification information of the playback device, its
compositional elements, and the like. As a result, 1f the
playback device, its composgitional elements, and the like are
identified in the device list, the playback device cannot use
the public key information for decrypting the encrypted data
15 included in the distribution data even if the combination of
the identification number of the SD memory card, the MKB, the
encrypted title key, and the device key is correct. In this
manner, it is possible to effectively prevent distribution data
from being used in an unauthorized manner.
20 [0347]
The identification information of the semiconductor
memory card is desirably recorded in a recording area having
high confidentiality included in a recording area of the
semiconductor memory card. This 1s Dbecause 1f the
256  1dentification information such as the serial number of the SD

memory card has been tampered with in an unauthorized manner,

it is possible to easily realize illegal copy of the SD memory
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card. In other words, if the tanpering allows generation of a plurality of
sem conduct or nenory cards having the sane identification information, it
is inmpossible to identify between authorized products and unaut hori zed copy
products by 5 perform ng the above check (1). Therefore, it is necessary to
record the identification information of the sem conductor menory card on a
recordi ng area high confidentiality in order to protect the identification
i nformati r i re 1 i t i r [ 0348]
The.r scordiTy o b T an "Saar dbht LTt o S S S Y

sem condyctof, BEPT Y, sCasdni Boh 8618l ang-FeRaelks TRl EX@Mhk. ELpst, as a
recording area electrically disconnected froma recording area for

recor di ngi RORFRS 3 ot ford S ihirenglaralder, 1 £ St 1 h60% g ng %rcﬁa'iaienemekger
recording area (hereinafter, "second recording area”) is provided. xt, a
control chdEw:dn eXCIHE MRl pholuReEesaENEnd ENnSECHW JRHPHHIMh LBy S
provided within the sem conductor nenory card. As a result, access to the
second r esorthAgiag athe abde paetar ned . 20hendé fové p 1ihd L arkkelsaghr ¢git. For
exanpl e, assune that only encrypted data is recorded on the second

recor di ngrere@ed ahHeaidenctift chod ofle diyfaixneg: ildie @hctlypt edmiabadustor -

i ncorporated only within the control circuit. As a result, access to the
dat a r econslecrpreditk csesondcorddndi ange arkeiggic awnifd qeertfieringg, am prigr25
causing the control circuit to store therein an address of each piece of
dat a recor@dardtreathsheetdadti écortding fméermay son frmddress tefipeael pi ece
of data recorded on the second recording area nmay be stored only in the
control cF¥elyiin 3p wpavthesbzedrynues. control circuit can identify an
address of each piece of data recorded on the second recording area. [0349]
5In e cb%¥t&here the identification information of the seniconductor
menory card i s _recorded_on the second recording area, an application
program oper at T #g BRCPREIPFafhgek MdeWi PR %&ﬁ%{%?OﬁEFH@tured

di stributipn server via the el ectronic distribution anq{Jecords t he

acqui red THAF A-hESTRLO SFoPESTFTHedF§ YArde fhd PPEWAG FFocessi ng
i's perfor%Ed. Firsti%, t?e application Brogr M | Ssues_an_access riquest, to
the controf” ci 7eHY =V a The®neno?y card FFEFC+BE aBt&8si figStR&tca++y
identificati i i of _the sen condu r ry card recorded on the
second r e%%#%%&g\?%%%ﬁﬁg raesrbe& r?gfeéjslga ta%eeaa%%s 5° m?':rd éﬁl e?to,m}%‘rcﬁLe déa %ﬁt r ol
circyit fj ts ' if i.0n..Lafor ' r t )

ecordi ng AT ear RERE ( He “Contr P Ut Ty Bhom {e he S e T eatron
informatipn.to: thecapplicatson PEOgLAM, Y gr-Lhe) mego }_‘o?‘?ﬂﬁgdl./ RexNea
application programtransmts a transm ssion request of the distribution 20
data togethefrdl (R ANe J deRihbk¢al i oot RN hd e AR Heabien HBr 0gram
further records, in the first recording area of the sem conductor ménory
card vi a jhea mesopyoeadéd | wEthihetRubbesi keyatotermtbinepryasdrgheas a
distribution data received fromthe distribution server in response to the
transm ssresuPd, regesd .to the second recording area can be performed

20 only via the control circuit. For example, assume that only
encrypted data is recorded on the second recording area and a
circuit for decrypting the encrypted data is incorporated only
within the control circuit. As a result, access to the data
recorded on the second recording area can be performed only by

25 causing the control circuit to store therein an address of each
piece of data recorded in the second recording area. Also, an

address of each piece of data recorded on the second recording
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[ 0350] Note that the above application program desirably checks whether
the application programitself has been tanpered wth, before issuing the
access request to the control circuit of the sem conductor nmenory card. The
check may be perfornmed using a digital certificate conpliant with the X 509
standard. 5 Furthernore, it is only necessary to record the distribution
data in the first recording area of the sem conductor nenory card, as

i the seni | | e
descr | beda abovesy, The Aceees choy b dhotebhuti o data ymynot hecggat ol e

by the control m con or menory card.

ccAppli cabhop i Redlk+Thnes Regor diig's d0352%,, I;Beaaaegsfgﬁreta@;gﬁg%ﬁem s

based on the assunption that an AV streamfile and a p I st e are

recorded 9n @aB8P- ROMA3:4i sk tiss NgetbeaPLergeqi dyngbgchni que of the
aut horing system and the recorded AV streamfile and playlist file are

provi ded t{ozusprs. Alternatively, it may be possible to record, by
performng real-time recording, the AV streamfile and the playlist file in

a witabl e recondig dmth WRSHC RS 1@BR-RE 2% idrs GnfaBtR o 8¢, tachard
di sc, and a sem conductor nenory card
semiconductor memory card is recorded on the second recording
area, an application program operating on the playback device
acquires data from the distribution server via the electronic
distribution and records the acquired data in the semiconductor
10 memory card, the following processing is performed. Firstly,
the application program issues an access request, to the control
circuit wvia the memory card I/F, for accessing the
identification information of the semiconductor memory card
recorded on the second recording area. In response to the access
15 request, the control circuit firstly reads the identification
information from the second recording area. Then, the control
circuit transmits the identification information to the
application program via the memory card I/F. The application
program transmits a transmission request of the distribution
20 data together with the identification information. The
application program further records, in the first recording
area of the semiconductor memory card via the memory caxd I/F,
the public key information and the distribution data received
from the distribution server in response to the transmission
25 request.

[06350]

Note that the above application program desirably checks
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(hereinafter, "BD-RE disc or the Iike"), and provide the user with the
recorded AV streamfile and playlist file. In such a case, the AV stream
file maybe a transport streamthat has been obtained as a result of

real -time encodi ng of an anal og i nput 25 signal performed by a recording
device. Alternatively, the AV streamfile may be a transport stream
obtained as a result of partialization of a digitally input transport

stream p%ﬁ{é}_ﬁ{@ﬂ tthaéﬁgﬁ'?i‘E&E?éﬂ%ﬁeaﬂ q.%FegQSﬁélz beden taﬁggg‘gﬁe\?ﬁfﬂi ng

device perfornmng re I me recarding I ncludes a video e r that encodes

a video signale the(:ehy Snd QRIA Begu¥bdeds L8Rt 281 akdiQ, 8Needeket hat
encodes an audio signal thereby to 6btain an audio stream a multipl exer

that nul tdplexasddieoy ndeR St caam. the andir wdy eMpeatdrida Likagt fer eby

to obtain a digital streamin the MPE&R-TS format, and a source packetizer
that convgrdisaliS Rackalrs canst idodgingdde wi@rdi ghkal xstoeanstandihed VWPER- TS
format into source packets. The recordi ng device stores the MPEQ digital

st ream t hAirdas-een donves bedyt actlkesseyr ce packet themaistaibheidl stream
file, and wites the AV streamfile into the BD-RE disc or the |ike. [0354]
151 n paraldted i the fd rptocessirdgnof aweiat ofigthkeséiisbndantbrl memargont r ol
unit of the recording device generates a clip information file and a

pl ayl i st dddd e tleecmeiredyabSpeci The ddyessHen thaudéstrefusdos fata
perform ng recordi ng processing, the control unit generates an AV stream
file and mawkl inet nfagr necngro2d e | &y avdpew coasrole gémenatedoAV sheeam
file and clip information file into the BD-RE disc or the like. In such a
case, eactEMIGRNA Y REAMAIGARBE- a video streamis detected from a
transport streamreceived fromoutside, or each tine a GOP of a video

stredth i sl4Enerated by the encoder, the control unit

<<Application to Real-Time Recording>>
[0352]
The above fourth embodiment is based on the assumpticn that
an AV stream file and a playlist file are recorded on a BD-ROM
15 disc using the prerecording technique of the authoring system,
and the recorded AV stream file and playlist file are provided
to users. Alternatively, it may be possible to record, by
performing real-time recording, the AV stream file and the
playlist file in a writable recording medium such as a BD-RE
20 disc, a BD-R disc, a hard disc, and a semiconductor memory card
{hereinafter, “BD-RE disc or the like”), and provide the user
with the recorded AV stream file and playlist file. In such a
case, the AV stream file may be a transport stream that has been
obtained as a result of real-time encoding of an analog input
25 gignal performed by a recording device. Alternatively, the AV
stream file may be a transport stream obtained as a result of

partialization of a digitally input transport stream performed
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25 of the recording device acquires a PTS of an | picture positioned at a
head of the GOP and an SPN of a source packet in which the head of the GOP
is stored, and additionally wites a pair of the PTS and the SPN as one
entry point into an entry map of the clip information file. Here, when the
head of the GOP is an IDR picture, the control unit adds an

"is_angle _change" flag that is set to be "ON' to the entry point. On the

ot her ha : he GOP is not the IDR picture, the control
.fhse—“cd;g cd

unit adds the "i's_angl'e thange® flag that is set to be "OFF" to the entry
poi nt. Furddweypnore, streamattribute information included in the clip
information file is set in accordance with an attribute of a streamto be

recorded. In tiis RRRRWIngf t 8EviBeWid G- Ney A¥eshl@amd | Lecapdithe clip
information file into the BD-RE disc 'or the BO-R disc, the control Unit

gener at esirec Pldyd iStvifddee etddedetinpgs cadelarybackipabhsobnhhec AVrebyeam
file using the entry map included in the clip information file, and wites

t he generad edtpliayd vdtdel seréan p drheuBPoRmEb&Er @hatthendShékesn £Q355]

By perform ng the above processing in the real-tinme recording, it is

possi bl e giggnac driibraby ttee dBbeRn dirsaudni o berkbke, aambhikepleraep baAxtng t he
hi erarchic structure that includes 20 the AV streamfile, the clip

i nf or mat N figlexemdhaerigleay Isitstedi | eehd @388 stekamageddCopy” LLRE57]
25The pl ayback device according to the first to third enbodi nents may
further Hawreby diwcobbalinfa whialitegl stdiegint ah the dBRRG2T dedmert ,t Avd BD- ROM

disc 101 into another recording 183
: & source packetizer that converts TS packets constituting the

10 digital stream in the MPEG2-TS format into source packets. The
recording device stores the MPEG2 digital stream that has been
converted to the source packet format in the AV stream file,
and writes the AV stream file into the BD-RE disc or the like.
[0354]

15 In parallel with the processing of writing the AV stream
file, a control unit of the recording device generates a clip
information file and a playlist £ile on the memory. Specifically,
when a user requests for performing recording processing, the
control unit generates an AV stream file and a clip information

20 file, and writes the generated AV stream file and clip
information file into the BD-RE disc or the like. In such a case,
each time a head of a GOP of a video stream is detected from
a transport stream received from outside, or each time a GOP
of a video stream is generated by the encoder, the control unit

25  of the recording device acquires a PTS of an I picture positioned
at a head of the GOP and an SPN of a source packet in which the

head of the GOP is stored, and additionally writes a pair of
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medi um by perform ng nmanaged copy. Here, the managed copy is a technique
for permtting copy of a digital stream a playlist file, a clip
information file, and an application programfroma read-only recording
medi um such as a BD-ROM disc to a witable 5 recording nediumonly in the
case where authentication wth the server via communication succeeds. Here,
the witable recording nediummmay be a witable optical disc such as a

BD-R a BRRBraaMD R sorP¥R BME aAdrd SOMXIRAMe 2B @npe) tdh 85 the

sem conductor nenory device such as a hard disc, an SD nenory card, a

Menory 1G:1Stp ehoat idrCenpact u&las M heanSnards Medi @op Y arafifra

Mul timedi a rd (TM. The managed copy allows |imtation of the nunber of

backup ofpdatar« eaordednorca wead- gahy secardisglredingnand rchar ghag of the
backup. [0358] 151f nanaged copy is perforned froma BD-ROMdisc to a BD-R
di sc or aBBRREw de hawrngot bee sanery eeoith NP rcapacickyheashhhd, Bh&OM di sc,
t he managed copy is realized by copying bit streans recorded on the BD ROM
di sc 5n ttiee dreei df orhet BOH nremaustthier aO0R padctheeqoutiaenoshtirpackndt t he
BD- ROM di sc. 20[ 0359] | f managed copy is performed between different
types of adtordiendisednglet carsogeddélngetsat dbeepetboraeFHerte, thhe
"trans code" is processing for adjusting a digital streamrecorded on a
BD- ROM disgfethatPoita. copyrioh¢yhenti onstvean 28t appbirtat i dnfbomahionf a
recording nediumthat is a copy destination. For exanple, the trans code

i ncl udes HroEdad Ag Bre o inErgTat LIOPEER1 e righ §p6r 1N tacesdamsiendithnt o an
MPEG2 programstreamformat or the |ike and processing of reducing a bit
rate of SERSLIPURSIES 31Tt &% 288PE38Hr ebinEHE Fer@fdodrAESEhe

vi deg_stream and .t he audi o strea By perform ng the trans cqde, ,anAv
ot rodfh fiTol CLAG (515 AN SERERTOR LAl BHAGTEE & L [LAIEI trione Fd&d 1 850be

gener at ed Ln the Ahove realpti g8 £eGRLY! g [300], 1 HoW L g Deggribe, Data
playlist file that defines a playback path of the AV stream file
using the entry map included in the clip information file, and
writes the generated playlist file into the BD-RE disc or the
15 like.
[0355]

By performing the above processing in the real-time
recording, it is possible to record, in the BD-RE disc or the
like, a file group having the hierarchic structure that includes

20 the AV stream file, the ¢lip information file, and the playlist
file.
[0356]
<<Managed Copy:>>
[0357]
25 The playback device according to the first to third

embodiments may further have a function of writing a digital

stream recorded on the BD-ROM disc 101 into another recording
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[ 0361] 10According to the first to third enbodinents, the data structure

I ncl udes a repeated structure "There are a plurality of pieces of

i nformati on having a predeterm ned type." that can be defined by descri bing
an initial value of a control variable and a cyclic condition in an if
sentence. Also, an arbitrary 15 data structure "If a predeterm ned
condition is satisfied, predeterm ned information is defined." can be

defined ysdggsndpi I hiddy bk thereondhki Antg8e-58%1 $£i ed and
a variable to béhggﬁggﬁﬂﬁiﬁgﬂ ﬁg'%ﬁgﬁ@t é cgﬁdition i's sa ?sf?e%% In this

manner, theedahaqukl £6t Welndessridedpl b eachi 2001 dthemrbadhept ssgan be

descri bed using a high lI'evel progranm ng | anguage. According y, the data
st ruct ur e I CeN¥BLH eth yrnda i gk | BhE &n Gt leadabbeasogdeoni a t he

transl ati on process perfornmed by a conpiler, which includes "syntax
anal ysi s"g reafit bRl at¢@ir'difd esdliaesatheoaki B 'ROMAdsc to a writable

5 recording medium only in the case where authentication with the
server via communication succeeds. Here, the writable recording
medium may be a writable optical disc such as a BD-R, a BD-RE,
a DVD-R, a DVD-EW, and a DVD-RAM, and a portable semiconductor
memory device such as a hard disc, an SD memory card, a Memory

10 Stick (TM}, a Compact Flash (TM), a Smart Media (TM), and a
Multimedia Card (TM). The managed copy allows limitation of the
number of backup of data recorded on a read-only recording
medium and charging of the backup.

[0358]

15 If managed copy is performed from a BD-ROM disc to a BD-R
disc or a BD-~RE disc having the same recording capacity as the
BD-ROM disc, the managed copy is realized by copying bit streams
recorded on the BD-ROM disc in the order from the innermost track
to the outermost track of the BD-ROM disc.

20 [0359]

If managed copy is performed between different types of
recording media, trans code needs to be performed. Here, the
“trans code” is processing for adjusting a digital stream
recorded on a BD-ROM disc that is a copy origination to an

25 application format of a recording medium that is a copy
destination. For example, the trans code includes processing

of converting an MPEG2 transport stream format into an MPEG2
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25 "code generation”, and the data structure converted into the readable
code is recorded on the recording nedium By describing in the high |eve
programm ng | anguage, the data structure is treated as a part other than
the nethod of the class structure in an object-oriented | anguage,
specifically, as an array type nmenber variable of the class structure, and
constitutes apart of the program In other words, the data structure is 5

asu kAR AR ostan pensloteockleuts gy hiyglyge neeos
pProgram i) i @XAADIR PLICESHiA80E LRV Bl 83MLELE LBragrosAgnce
with a playlist

re-encoding the video stream and the audio stream. By performing

the trans code, an AV stream file, a clip information file, and

5 a playlist file need to be generated in the above real-time

recording.

[0360]

<<How to Describe Data Structuress
[0361]

10 According to the first to third embodiments, the data
structure includes a repeated structure “There are a plurality
of pieces of information having a predetermined type.” that can
be defined by describing an initial value of a control variable
and a cyclic condition in an if sentence. Also, an arbitrary

15 data structure “If a predetermined condition ig satisfied,
predetermined information is—defined.” can be defined by
describiﬁg, in an if sentence, the condition to be satisfied
and a variable to be set at the time when the condition is
gatisfied. In this manner, the data structure described in each

20 of the embodiments can ke described using a high level
programming language. Accordingly, the data structure is
converted by a computer into a computer readable code via the
translation process performed by a compiler, which includes
“syntax analysis”, “optimization”, “resocurce allocation”, and

25 “code generation”, and the data structure converted into the
readable code is recorded on the recording medium. By describing

in the high level programming language, the data structure is
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file is |oaded froma recording nediumto a nenory device of a conputer

Then,

the programis executed by the conputer. Here, 15 the programi

conposed of a plurality of sections in the menory device. The sections
include a text section, a data section, a bss section, and a stack section.
The text section is conposed of a code array of the program an initial

val ue,

S
S

and unrewritable data. The data section is conposed of an initial

20

val ue and.datiad hat sMght bedewidd end ReeXEGULE oL tihe progrem..A file
dod ot Fhe Y foFRet Fonordrs

accessed at any tinme Ts recor

medi um  The Jbsspgect Lopi LASLYIESH Ll Se hadnd MR ARt | 8k MalweayHelBe

data included in"the bss sectionis Teferenced by the programinc

on t ata section o recor

g

t he

ded in

the text REnSee tizanaAGCOF MGl o sk chioe, ShRaidhddiapsss seghi-on needs
to be prepared in the RAM determ ned by perform ng conpile processing or

link processivhg phegshack BeCldtMerd SwarBNOI¥he data structure is

5

10

15

20

25

substantially equivalent to a program. Therefore, the data
structure needs to be protected as a computer invention.
[0362]
<<Positioning of Playlist File and Clip Information File in
Programs>
[0363]

A program in an executable format for performing playback
processing of an AV stream file in accordance with a playlist

file is loaded from a recording medium to a memory device of

a computer. Then, the program is executed by the computer. Here,

the program is composed of a plurality of sections in the memory
device. The sections include a text section, a data section,
a bss section, and a stack section. The text section is composed
of a code array of the program, an initial wvalue, and

unrewritable data. The data section is composed of an initial

value and data that might be rewritten in execution of the

program. A file accessed at any time is recorded on the data
section of the recording medium. The bss section includes data
having no initial value. Here, the data included in the bss
section is referenced by the program included in the text
section. Accordingly, an area for storing the bss section needs
to be prepared in the RAM determined by performing compile

processing or link processing. The stack section is a memory
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area tenporarily given to the program as necessary. A |ocal variable
tenporarily used in processing shown in each of the flowhart is recorded
on the stack section. Note that when the programis initialized, an initial
value is set for the bss 5 section, and a necessary area is prepared for
the stack section. [0364] The playlist file and the clip information
file are each converted into a conputer readable code and recorded on a

and the T | AR oo 17T 6 B 6 eath DErdoa) 28 PoneBarr! abfe aTe in

and the e are eac as “unrewita ata" in

the above,dexdy 580 dillb U r i ARk dD BE hReAA8G ORIV e aadraceesged at

any tinme" in the above data section at a tinme of execution of the program

The pl aylisdw a8 rand fdieo£ddd JNERE ML QN Sidi8 Aeshbtbachd i Wiie, ahave
first 15 to third enbodi nents are each to be a conpositional elenent of the

progr am adr&gtariei Of i execat 1 883 0f ah hen DE0FT a2 168 i Besethesrhand, nkhe
playlist file and the clip information file each do not anmount to just

pr esent atdodt Din dahd a M@36Esa2¢ aHystiemtSharé@3ah] tRecringetoibhe above
first to third enbodi nents, m ddl eware, a system LSl, hardware other than
the systemist] an interface of the mddleware, an interface between the 25
m ddl eware and the system LSlI, an interface between the m ddl eware and the
har dwar e ot herThdanl shhel sy Stidm BSH, thad hipsierfomarfaceilMhemet hesk parts
are incorporated in a playback device, these parts operate in corporation
Wi th one e@wteered Thilsor @samputqpartéadalale f andei emd recorded on a

recording medium, as described above. In other words, the
10 playlist file and the clip information file are each managed
as “unrewritable data” in the above text section or “data to
be recorded on a file and accessed at any time” in the above
data section at a time of execution of the program. The playlist
file and the clip information file described in the above first
15 to third embodiments are each to be a compositional element of
the program at a time of execution of the program. On the other
hand, the playlist file and the c¢lip information file each do
not amount to just presentation of data.
[0365]
20 <<8ygstem LSI>>
[0366]

According to the above first to third embodiments,
middleware, a system LSI, hardware other than the system LSI,
an interface of the middleware, an interface between the

25 middleware and the system LSI, an interface between the
middleware and the hardware other than the system LSI, and a

user interface., When these parts are incorporated in a playback
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[0367] By appropriately defining the interface of the mddleware 5 and the
interface between the m ddl eware and the systemLSl, it is possible to
real i ze i ndependent devel opnent, parallel execution, and nore efficient
devel opment of the user interface, the m ddl eware, and the system LSl of

t he pl ayback device. Note that these interfaces are classified using
various 10 classification nethods [Industrial Applicability] [0368] The

present. W] O AL ES 0 A Leghniuque0lRLaYLI0 15,8Ek. ZustLgoscopi o

vi deo. Accor prese i nven ay ac er

before a +ﬂyd}ég{%gss é%’ﬂ@f&ﬂl%’ftf‘&’?&i&? stereoscopic video and a

nMonoscopi ¢ Vi y performng alTocation of a video stream of the
st er eoscopj £y deo, as described above. It is clear that the present 20
invention i1s industrially applicable. [Reference Synbols List] [0369]

S001First 3D ext epbrblegk 223082686 &{é extentraBLask 30RLayeLwheundary
5004LLast extent of first 3D extent blo

b and the interface between the mlddleware and the system LSI,
it is possible to realize independent development, parallel
execution, and more efficient development of the user interface,
the middleware, and the system LSI of the playback device. Note
that these interfaces are <c¢lassified using various

10 classification methods.

[Industrial Applicability]
[0368]
The present invention relates to a technique of playing
15 back a stereoscopic video. According to the present invention,
a playback path immediately before a long jump is separated
between the stereoscopic video and a monoscopic video by
performing allocation of a video stream of the stereoscopic
video, as described above. It 1s c¢lear that the present

20 invention is industrially applicable.

[Reference Symbols List]

[0369]
5001 First 3D extent block
25 5002 Second 3D extent block
5003 Layer boundary
5004L Last extent of first 3D extent block
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5004RExt ent i medi ately before | ast extent 51013D seamnl ess extent bl ock
51022D seam ess extent bl ock 5131L-5133Lextents of 2D/l eft-view streamin
3D 5 seam ess extent bl ock 5131R-5131Rextents of right-view streamin 3D
seanl ess extent block 5111pl ayback path for 2D vi deo i mages 5112pl ayback
path for 3D video images 10Jla junp in a 2D pl ayback path over the
recording area for storing a 3D seanl ess extent block LJla long junp in a

2D playback paﬁidm@ross e d AU el NARL Y- 28, L OnGL din { @ 3D pl ayback

path across a layer 15 boundary

5101 3D seamless extent block
5102 2D seamless extent block
5131L-5133L extents of 2D/left-view sgtream in 3D

5 seamless extent block
5131R-5131R extents of right-view stream in 3D

seamless extent block

5111 playback path for 2D video images
5112 playback path for 3D video images
10 JL a jump in a 2D playback path over the recording

area for storing a 3D seamless extent block

LJ1 a long jump in a 2D playback path across a layer
boundary
LJ2 a long jump in a 3D playback path across a layer

15 boundary
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CLAI M5 1. A recording nmediumconprising a base-view streamfile and a
dependent-view streamfile recorded thereon, 5the base-view streamfile to
be used for nonoscopic video playback, t he dependent-view streamfile
to be used for stereoscopic video playback in conbination with the
base-view stream fil e, 10therecordi ngnedi umhavi nga st ereoscopi c/ nonoscopi ¢
shared area, a stereoscopic specific area, and a nonoscopic specific area,
t he stereoscopi ¢/ nobnoscopi ¢ shared %Egamgging a contiguous area to be
accessed both while a stereoscopic video is to be played back and while
a nonoscopic video is to be played back, t he stereoscopi ¢/ nobnoscopi c
shared area being an area in which a plurality of extents belonging to the

base- vi ew stream £ilecand it ihY O SMs HehOBEIRG dp =20

dependent-view streamfile are arranged in an inhterl eaved nmanner, bot h

of the steipesgap & MYFEHAENALCA ARGs £ BEaDFASIEOPEEcsPalS itheareanbei ng
contiguous areas |ocated one after another next to the

st er epscopi ¢/ npneseapec vA=w ot edadl €d.1e to Bdenstar EoscapimoSHesiti c area

being an area to be accessed i medi ately before a long junp occurring in

st er eoscopidewi gdayibaaylback and being an area in which extents belonging to

the base-view streamfile and extents bel onging to the dependent-vi ew

stream fil e arteharrdageddemtarviawer seaeedt nehnes , ttde ext enssdr eforded on

the stereoscopic video playback in combination with the
base-view stream file,

10 the recording medium having a
stereoscopic/monoscopic shared area, a stereoscopic
specific area, and a monoscopic specific area,

the stereoscopic/monoscopic shared area being a
contiguous area to be accessed both while a stereoscopic

15 wvideo is to be played back and while a monoscopic video
is to be played back,

the stereoscopic/monoscopic shared area being an area
in which a plurality of extents belonging to the base-view
stream file and a plurality of extents belonging to the

20 dependent-view stream file are arranged in an interleaved
manner,

both of the stereoscopic specific area and the
monoscopic specific area being contiguous areas located
one after another next to the sterecscopic/monoscopic

25  shared area,

the stereoscopic specific area being an area to be

accessed immediately before a long jump occurring in-
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5 stereoscopic specific area being next in order after the extents recorded
on the stereoscopi c/ nonoscopi ¢ shared area, and t he nonoscopic
specific area being an area to be accessed i Mmedi ately before a | ong junp
occurring in 10 nonoscopi ¢ video playback and having a copy of the entirety
of the extents that belong to the base-view streamfile and are recorded on
the stereoscopic specific area. 2. The recording nmediumof Caiml
further ¢ L Sl 5. s S i y i nf or I on_ang .nmpnoscopi c
pl ayback E‘pga%%éfs"%fqu#eﬁ i%?ﬁagg)c%&%e\%b%%%r g%%{( Qg&ﬂg e % e‘lﬁ‘eglslcé“g}l:?% ayback
path i nfqrmat] L od] N r OR}4 I %Rg%ﬁ ; valid during
stereoscgélc %?gé%QgFgggéggF%iEégéﬁgggogﬁgﬁféﬁb ay égghgéﬁ%%?%ifg%¢%senting

that the ]@gwﬁ?%n?ggg\ir degd o éﬁdé{lﬁr—%‘l%i@@f%@ﬂoﬁﬁgi r%h%%%%gt and

the stereoscop fic area are to be sequentially played bac t he

copy recorgednon {her TRAQILPRMENBRSC! ft KealB8R &8t §0 @ kiPRedn ands 25t he
nmonoscopi ¢ pl ayback path information indicating a nonoscopic playback path
to besvalde H8hERGPIMNASSORL €1 e DIRyhagkneihe i ADBRGRADIAE i BYhaek pat h
representing that the extents belonging to the base-view streamfile and
bei ng recattledten ddensieleescophe/ BRRASEOPL O3 haneth@s €oapand sHer&@py
recorded on the nonoscopic specific area are to be sequentially played back
but the exteantsamnecorded 5 on the stereoscopic specific area are to be

ski pped. 3. The recording nmediumof Caim1 further having a plurality
of recording ldyer sondwerepnct tepeonfipugres dgimp bet weerat lte rleeor di ng
| ayers. 10 4. A playback device for playing back video i mages

from a r evoedsagdnetiuadieie by alisdokrelevi ckongnpl isbngrcaureadiongiani t
operable to read a base-view stream . .
10 monoscopic video playback and having a copy of the entirety
of the extents that belong to the base-view stream file

and are recorded on the stereoscopic specific area.

2. The recording medium of Claim 1 further comprising
15 stereoscopic playback path information and monoscopic
playback path information recorded thereon,
the stereoscopic playback path information
indicating a stereoscopic playback path to be valid during
stereoscopic video playback, the stereoscopic playback
20 path representing that the extents recorded on the
stereoscopic/monosgscopic shared area and the stereoscopic
specific area are to be sequentially played back but the
copy recorded on the monoscopic specific area is to be
skipped, and
25 the monoscopic playback path information indicating
a monoscopic playback path to be valid during monoscopic

video playback, the monoscopic playback path representing
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15 file and a dependent-view streamfile extent by extent, the base-view
streamfile to be used for nonoscopi c video playback, the dependent-view
streamfile to be used for stereoscopic video playback in conbination with
t he base-view streamfile; 20a first read buffer unit and a second read
buffer unit operable to store extents read by the reading unit; and a
decoder unit operable to receive conpressed pictures contained in the
extents fromthe read buffer units, then decoding the conpressed pictures,
25t her ecor di ngnedi umhavi nga st ereoscopi ¢/ nonoscopi ¢ shared area, a

st er eoscopi®2speles feetanea, bahanainendscopicc bepeciiay ftegan file the

st ereoscopi ¢/ monoscopi ¢ shared area being a caontjguous area i.n which a
plural i typ%?dg%lé?ﬁ stped?é? Ry 0t ﬁéeﬁggé-c\ﬂpé\ﬁ}é‘?‘?%%?ﬁ‘?@}% %%é plurality
of extents i t depe t-vi r 0| e.arranged 5 in an
interl eave%lb%(r%ﬁgir fB%e Qoéggﬁ%ccg?é‘?ﬁe%ns%éég\é\%é%:uc))%l%gbgﬁeg?%(l:f%tcr:eaar%and t he

nMDNOSCOPI C; SPRE b G AfiRe P D, GARLIGUBHS 8t e@s Hogat 8f On&. afd &Ly anot her
next to the stereoscopic/ nmonoscopi ¢ shared area, 10the stereoscopic

speci f 5c aseathei sgeadoaredicn WGt iextends Hed ongi Bg trRibbedbase-vi ew
streamfile and extents belonging to the dependent-view streamfile are
arranged in an interleaved manner, the extents recorded on the stereoscopic
specific area being next in order after the 15 extents recorded on the

st er eoscopi ¢/ N&Togg@pir@%@éﬂ arehiumet Claimthef woRpREdpieispei fic area

havi ng a cop o{.%he ntiret&.of he extents that hel to. the base-view
ot ream 11 STERAL A PECOFRBHYGA% NETSEoedLtaT o St [Tes aHUHS 59 wher o n
when a ster gpbgtﬁgggoth% @é@6§##¥§?&a§é§%feading unit sequentially

c

reads extents om t he stereoscopi oscopi ¢ shared area and alternately
transfigrs the read extents to the first and second read

4. A playback device for playing back video
images from a recording medium, the playback device
comprising:

a reading unit operable to read a base-view stream
15 file and a dependent-view stream [ile extent by extent,
the base-view stream file to be used for monoscopic video
playback, the dependent-view stream file to be used for
stereoscopic video playback in combination with the
base-view stream file;
20 a first read buffer unit and a second read buffer unit
operable to store extents read by the reading unit; and
a decoder unit operable to receive compressed
pilictures contained in the extents from the read buffer
units, then decoding the compressed pictures,
25 the recording medium having a
stereoscopic/monoscopic shared area, a stereoscopic

specific area, and a monoscopic specific area,
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25 buffer units, i medi ately before a long junp occurring in

st ereoscopi ¢ video pl ayback, thereading unit sequentially reads extents
fromthe stereoscopic specific area and alternately transfers the read
extents to the first and second read buffer units w thout accessing the
nonoscopi ¢ specific area, 5when a nonoscopic video is played back, the
reading unit reads only extents belonging to the base-view streamfile from
t he stereoscopi c/ nonoscopi ¢ shared area and transfers the read extents to
the first read buffer unit, and 10i rmedi ately before a | ong junp occurring

i n nonoscopi ¢ VilfeoS PREAFPECIRP HHE AT IR Tnist F&sHs 2ERe copYEr o t he

[ ifi dtr f t he, to the first ad buf f
i € wi g GEeeeds Y Sha S POGOLCap b SbbEr 1L Gt apelondity ay ©

| ntegrat ed. 6i rigui L L0 be.roupted,op+a playback deviioe f ofe RLAYING. back

video i mages from a recordi ng nedi um e 1ntegrate ircuit conprising: a

decoder unid) opeLRY! € 1ihd RLBIME £ONPF £85 sk RO £ L& eSr SR Ry i N
extents read fromihe recording nedium then decoding the conpressed

pi ctures; andan intealeanttomawmict ,operable to control supply of the
conpressed pictures to the decoder, therecordi ngmedi urhavi nga 25
st er eoscopi ¢/ mvdscopifc shar etk aressceap st ersagstiopic gped f Bodarg@ss and a

nonoscopi ¢ specifi¢ area, . . , ,
monoscoplc specific area being contiguous areas located

one after another next to the stereoscopic/monoscopic
shared area,

10 the stereosceopic specific area being an area in which
extents belonging to the base-view stream file and extents
belonging to the dependent-view stream file are arranged
in an 1interleaved manner, the extents recorded on the
stereoscopic specific area being next in order after the

15 extents recorded on the stereoscopic/monoscopic shared
area, and

the monoscopic specific area having a copy of the
entirety of the extents that belong to the base-view stream
file and are recorded on the stereoscopic specific area,

20 wherein

when a stereoscopic video is played back, the reading
unit sequentially reads extents from The
stereoscopic/monoscopic shared area and alternately
transfers the read extents to the first and second read

25 buffer units,

immediately before a long Jjump occurring in

stereoscopic video playback, the reading unit
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t he stereoscopi c/ nonoscopi ¢ shared area being a contiguous area in which a
plurality of extents belonging to a base-view streamfile and a plurality
of extents belonging to a dependent-view streamfile are arranged in an
interl eaved manner, the base-view streamfile to be used 5 for nonoscopic
vi deo pl ayback, the dependent-view streamfile to be used for stereoscopic
vi deo pl ayback in conbination with the base-view streamfile, bot h of
the stereoscopic specific area and the nonoscopi c specific area being

contiguous areas | ocated 10 one after another next to the o
st er eoscop? eANBAbSBOPY Cr AP Sk Teteas Trom thenat QFePeeceopi T epetitic area

bei i i_ch I I he b - Vi fil d
oxt ont o Dol Bugi ARt B LRE. BUpaNAaISUT Ehr Bt FBS PRie A€ Ar aitged 5 i n-an
| nter | eaved; pRANSKy LheoeX1OLS fopered, pn, Lhe. sLer eoscopl gl fic area

bei ng next 1n or er the extents recorde

st er eoscoph6hHBABEEBPEBShartied -afen, and the nonoscopic specific area
having a copy of the 20 entirety of the extents that belong to the

base- visew st rearmdin |2 rantbsar@p T ecorded on 1 heyst dseoscophe spedifidgc area,

wherein _ when a stereoscopic video is played back, the control unit

control s eXfehtBedds puilseqrdmnta Pp hogad 19 dm the P&se-view stream

stereoscop'gégn oscopi.c shared area .an alternaxelghtra sferred to a first
[

read buffe _Qﬁ%i%P%eéBﬁHePQQ@HﬁﬁF%QHQﬁﬁQQlC are mﬁﬁﬁ%ﬂ%ﬁ@_before a
| ong j unp OPGHLEERS esééggQgﬁﬂﬁﬁEs%&9§9¥P%§¥%%C§e Lihg, gQOLT Q) s Lini t
controls extents to bé sequentially rea romthe stereoscopi ¢ specific
area and ajtgrnately transferred to the first and 5 second read buffer
units w thout any access to the nonoscopic specific area, when a
nmonosc@pi ¢ Vi dedwmesd phiayed bdekoriche £ontsey ufupcordd@lsriomky extents
bel onging to the base-view streamfile to be sequentially read fromthe
monoscoplc video playback, the reading unit reads the copy
from the monoscopic specific area and transfers the copy
to the first read buffer unit without accessing the
stereoscopic specific area.
15
5. An integrated circuit to be mounted on a playback
device for playing back video images from a recording
medium, the integrated circuit comprising:
a decoder unit operable tco receive compressed
20 pictures contained in extents read from the recording
medium, then decoding the compressed pictures; and
a contrel unit operable to control supply of the
compressed pictures to the deccder,
the recording medium having a
25 stereoscopic/monoscopic shared area, a stereoscopic

specific area, and a monoscopic specific area,

the stereoscopic/monoscopic shared area being a
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10 stereoscopi c/ monoscopi ¢ shared area and transferred to the first read

buf f er

unit, and I mredi ately before a long junp occurring in

nonoscopi ¢ vi deo pl ayback, the control unit controls the copy to b
fromthe nonoscopic specific area and 15 transferred to the first
buffer unit w thout any access to the stereoscopic specific area.

10

15

20

25

contiguous érea in which a plurality of extents belconging
to a base-view stream file and a piurality of extents
pelonging to a dependent-view stream file are arranged in
an interleaved manner, the base-view stream file to be used
for monoscopic video playback, the dependent-view stream
file to be used for stereoscopic video playback in
combination with the base-view stream file,

both of the stereoscopic specific area and the
monoscopic specific area being contiguous areas located
one after another next to the stereoscopic/monosceopic
shared area,

the stereoscopic specific area being an area in which
extents belonging to the base-view stream file and extents
belonging to the dependent-view stream file are arranged
in an interleaved manner, the extents recorded on the
stereoscopic specific area being next in order after the
extents recorded on the stereoscopic/monoscopic shared
area, and

the monoscopic specific area having a copy of the
entirety of the extents that belong to the base-view stream
file and are recorded on the stereoscopic specific areas,
wherein

when a stereoscopic video is played back, the control
unit controls extents to be sequentially read from the
stereoscopic/monoscoeopic shared area and alternately
transferred to a first read buffer unit and a second read

buffer unit,
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10

15

immediately before a long Jump occurring 1in
stereoscopic videc playback, the control unit controls
extents to be sequentially read from the stereoscopic
specific area and alternately transferred to the first and
second read buffer units without any access to the
monoscopic specific area,

when & monoscopic video is played back, the control
unit controls only extents belonging to the base-view
stream file to be sequentially read from the
stereoscopic/monoscopic shared area and transferred to
the first read buffer unit, and

immediately before a long Jump occurring in
moncscopic video playback, the control unit controls the
copy to be read from the monoscopic specific area and
transferred to the first read buffer unit without any

access to the sterecscopic specific area.
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